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Alcuni mRNA vengono localizzati in posizioni specifiche della cellula.

Quanti? 

circa il 10% degli mRNA di origine materna negli oociti di Drosophilacirca il 10% degli mRNA di origine materna negli oociti di Drosophila

circa 400 mRNA vengono localizzati nei dendriti/assoni dei neuroni, nei mammiferi

Recent estimates brought to up to 70% of early drosophila mRNAs showing some 
degree of preferential oocyte localization

Some genes have localization signals in both mRNA and protein (sometimes 
redundant)

Why to localize mRNA instead of proteins?

1) to localize proteins correctly but preventing their presence elsewhere

2) regulate gene expression differentially in different cell localizations

3) immediateness of specific local responses

In most cases, cis-acting elements in RNA are found in 3’-UTR
(cases of elements within the coding sequence are known, however)

This is interesting because at least 50% of alternative 3’-UTR are tissue-specific:

Large number of AS events involving the 3’ UTR

•Alternative Poly(A) site
•Alternative last exon
•Introns within 3’ UTR 

This may imply that differential regulation of RNA fate (localization, stability) is an 
important option for many genes that is controlled during RNA maturation. 

See again: Wang et al 2008 – Alternative isoform regulation (Fig 2)

Problem: if a transcript contains a intron within the 3’UTR (not that uncommon) 
... does it mean that an EJC remains there after splicing and that, therefore, the 
RNA is always targeted to the NMD pathway ?

See again: Wang et al. 2008 – Alternative isoform regulation... (Fig. 2)   
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REVIEW

from Becalska & Gavis, 2009
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(A) Differential localization of mRNA determinants within the Drosophila oocyte. 
(B) Animal localization of a transcript encoding a signalingmolecule required for axis development in the(B) Animal localization of a transcript encoding a signalingmolecule required for axis development in the 
egg of a cnidarian, Clytia. 
(C) mRNA enrichment in synapses of an Aplysia sensory neuron in response to contact with a target motor 
neuron (blue). 
(D) Apical localization of an mRNA in the Drosophila embryo, which facilitates entry of its transcription 
factor product into the nuclei (purple). 
(E) mRNA localization in pseudopodial protrusions of a cultured mammalian fibroblast (red signal indicates 
the cell volume). 
(F) mRNA enrichment within a Xenopus axonal growth cone.
mRNAs were visualized by means of in situ hybridization except in (E), in which the MS2–green 
fluorescent protein (GFP) system was used. Drosophila images are reproduced from (50) with permission.
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from Becalska & Gavis, 2009

How to study localization of specific 
mRNAs

from Becalska & Gavis, 2009
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Hairy mRNA localization in 
syncithial Drosophila blastocyst, 
as determined by microinjection 
of fluorochrome-labeled mRNAs.

Red = wild-type hairy mRNA

Green = mRNA from a mRNA lacking 3’-UTR

Fig. 3. Models for mRNA localization. In all 
panels, microtubules are shown in brown, nurse 
cell and follicle cell nuclei in blue.
(A) Movements of grk and bcd mRNAs within 
the nurse cells during
mid-oogenesis. Straight arrows indicate directed 
movement on microtubules, squiggly arrows 
indicate movement of grk with cytoplasmic flows. g y p
(B) Microtubule-dependent transport of grk, 
bcd and osk mRNAs within the oocyte during 
mid-oogenesis. The oocyte nucleus is shown in 
gray. Colored arrows show the directions of RNA
movements. 
(C) Localization of bcd and nos at late stages 
of oogenesis.
Contraction of the nurse cells for dumping is 
indicated by gray arrows pointing inward; entry of 
bcd and nos into the oocyte is indicated by
large straight arrows Small green arrows depictlarge straight arrows. Small green arrows depict 
transport of bcd on anterior microtubules, curved 
dark green arrows depict diffusion of nos
facilitated by ooplasmic streaming.

from Becalska & Gavis, 2009
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Possibili meccanismi di 
localizzazione dell’RNA

trasporto vettoriale dal nucleo

Figure 4. Interaction with cytoskeletal motors 
during mRNA localization. (a) A LEcontaining
mRNA labeled in vivo with a GFP tag shows tracking 
along a microtubule in time‐lapsed images. Red, 
tubulin; green arrow, starting position; blue arrow, 
ending position [70]. (b) The interactions of L‐RNPs 
with microtubule
motor complexes or microfilament motor 
complexes have been implicated in
localization. All three types of cytoskeleton‐
dependent motors (kinesin, and dynein
for microtubules and myosin for microfilaments) 
have been suggested to have roles in either 
directed movement or local anchoring. Based on 
the identified examples of L‐RNP–motor protein 
complexes, localizing mRNA is depicted here as 
i t ti ith t i di tl th h LEinteracting with motors indirectly through LE‐
binding proteins as a RNP complex
(represented for simplicity as a gray oval bound to a 
localizing mRNA, but can in fact be extremely large 
with multiple RNA‐binding proteins and mRNAs). In 
metazoans, the molecular details of these 
interactions are not known.
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from: Farina & Singer 2002, Trends in Cell Biol, 12: 466.

from: Farina & Singer 2002, Trends in Cell Biol, 12: 466.
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from: Farina & Singer 2002, Trends in Cell Biol, 12: 466.

The trans-acting factor hnRNPA2 is involved in the localization of myelin 
basic protein (MBP) mRNA to the myelin-forming processes of mammalian 
oligodendroctyes. 

Like many of the proteins involved in RNA localization, hnRNPA2 has several 
other functions, including splicing, nuclear export, translational regulation and 
RNA stabilization  RNA stabilization. 

As a trans-acting  factor  of  MBPmRNA localization, hnRNPA2  binds to a  
21-nucleotide (nt) cis element called the hnRNPA2 response element (A2RE), 
formerly known as the ‘RNA trafficking sequence’ (RTS), that is located in 
the 3′ untranslated region (UTR) of the mRNA.

Although it is a predominantly nuclear protein, hnRNPA2 shuttles to the 
cytoplasm, by means of its M9 nucleocytoplasmic shuttling domain, where it 
localizes in cytoplasmic granules [16]. 
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Sqd localizes gurken mRNA

The Drosophila protein Sqd (hs hnRNPA1) is an RNA-binding protein of 42 
kDa that is needed for the proper localization of gurken (grk) transcripts 
during oogenesis. Like hnRNPA2, Sqd is a member of a class of the hnRNPs 
that shuttle between the nucleus and the cytoplasm through an M9 
shuttling motif  shuttling motif. 

Dorsoventral patterning in Drosophila requires localization of grk mRNAto 
the dorsoanterior corner of the oocyte. In sqd mutants, grk mRNA is 
mislocalized at the anterior of the oocyte, and does not accumulate 
anterodorsally. 

Sqd protein is thought to associate with grk mRNA in the nucleus and to 
deliver it to cytoplasmic anchors at the dorsoanterior of the oocyte. 

Sqd is known to bind directly to the 3′ UTR of grk mRNASqd is known to bind directly to the 3  UTR of grk mRNA.

50‐350 nt long, sometimes very complex

How are cis-elements made ?
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Many RNA‐binding proteins have a modular 
structure. Representative
examples from some of the most common RNA‐
binding protein families, as illustrated
here, demonstrate the variability in the number of 
copies (as many as 14 in vigilin) and arrangements 
that exist. This variability has direct functional 
implications. For example, Dicer and RNase III both 
contain an endo‐nuclease catalytic domain 
followed by a
double‐stranded RNA‐binding domain (dsRBD). So, 
both proteins recognize dsRNA, but Dicer has 
evolved to interact specifically with RNA species 
that are produced through the RNA interference 
pathway through additional domains that 
recognize the unique structural features of these 
RNAs. Different domains are represented as 
coloured boxes.
These include the RNA‐recognition motif (RRM; by 
far the most common RNA‐binding
protein module), the K‐homology (KH) domain p ), gy ( )
(which can bind both single‐stranded RNA and 
DNA), the dsRBD (a sequence‐independent dsRNA‐
binding module) and RNAbinding zinc‐finger (ZnF) 
domains. Enzymatic domains and less common 
functional modules are also shown. PABP, poly(A)‐
binding protein; PTB, polypyrimidine‐tract binding; 
R/S, Arg/Ser‐rich domain; SF1, splicing factor‐1; 
TTP, tristetraprolin; U2AF, U2 auxiliary factor.
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Methods to identify RNA elements:

RNA SELEX

RNA recombination and selection

Comparison of regulatory sequences

Immunoprecipitation or CLIP followed by microarrays or RNA-Seq

RNAcompete
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Article

From: Jambhekar et al. (2005), 
PNAS 102: 18005‐10.
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Fig. 1. Three‐hybrid scheme for selection of She3p‐interacting RNA 
fragments. (a) Schematic of three‐hybrid assay 

Clone in T7 vectors, in 
vitro transcription, 
RNA purification

From: Bittker (2002) Nat. Biotechnol. 20:1024.

RNA purification
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Fig. 1. Representation of ASH1 NRR 
library members before (b) and after (c) 
three‐hybrid selection. Each arrow 
represents a fragment from ASH1. The 
direction of the arrowhead indicates 
whether the fragment is expressed in the 
sense (right) or antisense (left) 
orientation from the three‐
hybridRNAexpression vector. The 
position of each arrow corresponds to 
the location of the fragment within the 
gene, and arrow
colors indicate the connectivity of the 
fragments in the clone. Clones recovered 
in more than one independent yeast 
transformant are indicated.
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Fig. 2. Sequences and predicted structures of WT zipcodes. Bases identified by MEME 
analysis are green. (a) WSC2N. (b) E1min. (c) Umin. (d) YLR434–2. (e) E2Bmin. Bases are 
numbered with the adenosine of the start codon as1, with the exception of YLR434‐2, 
which is numbered with the 5 base as 1. Insets contain representative GFP‐RNA 
localization images. RNA particles are cytoplasmic; excess, unbound U1A‐GFP is 
sequestered in the nucleus.

Fig. 5. Predicted secondary structure for E2Bmin and sequence logos derived from 
randomization and three‐hybrid selection of bases 1291–1297 (a), 1287–1293 (b), 
or 1283–1286 and 1298–1303 (c). The height of each letter is proportional to the 
fraction of the observed frequency relative to the expected frequency at each 
position (22, 23). The color of each dot in c indicates the frequency of base‐pairing 
among the selected clones. 


