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In a recent review Denman et al. [1] discuss how FMRP
regulates translation and the recognition of the target 
mRNAs. Their view is incomplete and needs, we think,
some comment. There are, in general, four possible ways
for FMRP to recognise its target mRNAs.
The first mechanism proposed by Denman and collabo-
rators [2] is the direct binding of FMRP to oligo(U) ele-
ments on the mRNA. Chen et al. [3], however, identified
a series of putative FMRP targets using a cDNA-SELEX,
of which only 20% contain the U-rich region. This find-
ing implies the existence of other mechanisms of target
mRNA recognition by FMRP.
The second described mechanism concerns the binding
of FMRP to a secondary structure called the ‘G-quartet’
[4, 5]. Here, the authors’ main comment [1] is that the ar-
chetypical G-quartet mRNA, MAP1B, may not be a tar-
get for translational regulation because the initial finding
by Brown et al. [6] was not MAP1B. However, there are
independent demonstrations that MAP1B mRNA transla-
tional efficiency changes between FMRP wild-type and
FMRP knockout (KO) mouse brain [7], while Drosophila
MAP1B (Futsch) has been found to be translationally
regulated in mutants for the homologous FMR1 gene
(dFXR) [8]. Moreover, Feng and colleagues [9] have re-
cently demonstrated that MAP1B mRNA translation and
microtubule stability are controlled by FMRP during neu-
ronal development.
The third possible mechanism of target recognition by
FMRP is via micro RNAs (miRNAs). Both the human
FMRP and its Drosophila orthologue have been found as-
sociated with miRNAs, probably regulating mRNA trans-
lation [10, 11]. Although the means by which this regula-
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tion occurs is not clear, this mechanism was not discussed
by the authors [1].
As a fourth possible mechanism, FMRP can recognise its
target mRNAs indirectly by binding to the non-coding
RNA BC1 which in turn anneals to the target mRNAs [7].
Denman et al. [1] dispute this model on three principal
grounds: the strength and the specificity of the FMRP-
BC1 interaction, the significance of complementarities
between BC1 RNA and the targeted mRNAs and the dis-
tribution of FMRP on polysome gradients. Regarding the
first point, the authors state that the FMRP-BC1 RNA as-
sociation is weak and could be interpreted as marginal.
The conclusion is almost the opposite: the reaction oc-
curred at 750 mM NaCl, a concentration which dissoci-
ates weak RNA-protein complexes; meaning that the in-
teraction is quite strong. Furthermore, in the two studies
cited by Denman to discredit the FMRP-BC1 interaction
[12, 13], no experiment on FMRP-BC1 binding is shown,
thus making it difficult to understand on what basis this
statement is made. 
In addition, the authors state that eIF4A and PABP bind
so strongly to BC1 that even if FMRP is bound to BC1
RNA, it would ‘rapidly be displaced by these proteins’
[1]. However, displacement can only occur if the proteins
compete for the same binding site. eIF4A is an RNA he-
licase which has no known RNA-binding selectivity, and
PABP associates with the oligo(A) stretch of BC1. There-
fore, competition can only occur if FMRP binds to the
same oligo(A) stretch with comparable affinity. To our
knowledge, no such experiments have been published.
Regarding the inverse homology between BC1 RNA and
the targeted mRNAs, the homology for MAP1B spans 
a region of 21 nt, out of which 19 nt can form strong 
base-pairing with BC1 RNA. This is as strong as a* Corresponding author.



miRNA/mRNA interaction but even much weaker inter-
actions occur in vivo: RNA-RNA recognition can occur
with only 5–7 bases pairing, the small nuclear RNAs in-
volved in the splicing reaction being a typical example
[14]. Moreover, the FMRP-BC1-mRNA interaction was
also demonstrated by inhibiting the recognition BC1
RNA-mRNA target using a chemically synthesized oligo
[7]. As a final proof of this annealing and recognition, us-
ing naked biotinylated BC1, the same mRNAs that were
found to be translationally dysregulated were fished out
in vitro [7]. This clearly demonstrates that BC1 has the
potential to anneal to the targeted mRNAs.
Finally, with respect to the distribution of FMRP on a
polysome gradient, we deem it important to underline
that the percentage of FMRP that is found to co-associ-
ate with polysomes and with mRNP of the gradient varies
according to the mechanical conditions of homogenisa-
tion, buffer composition, tissue and duration of the pro-
cedure [7, 15–17]. In vitro data also showed that FMRP
could regulate protein synthesis inhibiting 80S formation
[18], and in Drosophila, dFXR seems to be mainly asso-
ciated with mRNPs [10], so black-and-white thinking is
clearly not appropriate for these kinds of biochemical
preparations. The still unsolved question concerns the
function of FMRP on mRNPs and on polysomes.
In summary, as far as FMRP-mRNA interactions are con-
cerned, it is quite clear from the papers published hitherto
that not all FMRP target mRNAs have recognisable ho-
mology to the 5¢ end of BC1 RNA. Neither, however, do
all FMRP target mRNAs have the G-quartet or an oligo
(U) stretch. Clearly, there are different ways for FMRP to
recognise its target mRNAs. FMRP has been shown to be
a multifaceted protein, and its lack causes a heteroge-
neous phenotype. One can easily envision, therefore, that
FMRP interacts in different contexts with different 
mRNAs. Moreover, the mechanisms described above
could co-operate to obtain stable binding to an mRNA
that contains several different, but weakly conserved ele-
ments. Of interest in this respect is to note that binding
activity to oligo(U) RNA, to the G-quartet, to BC1 or to
the miRNAs may be ascribed to different RNA-binding
domains on the FMRP protein and could therefore occur
simultaneously. In fact, the RGG box has been shown to
be involved in the G-quartet recognition, but there are
still the two KH domains and the N terminus, another
unmentioned RNA-binding domain [19, 20], that are still
orphans for targets.
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