mRNA Localisation

RNA localisation
mRNA can be localized to subcellular compartments
by actin or tubulin-dependent processes
Examples:
Xenopus:

Vg1 mRNA (TGFb) to vegetal pole

Drosophila: nanos, oskar mRNA (posterior) and bicoid (anterior)
(requires mRNA binding protein staufen)
prospero (into ganglion of mother cells; neuroblast TF)
(requires staufen and miranda)
Yeast:

Ash1 mRNA to daughter cell

mRNA asymmetry in the
Xenopus laevis egg

Background
•
•

•

Female xenopus lay hundreds
of eggs in a day.
Ideal system for investigation of
the process of embryonic
morphogenesis at the
molecular level.
The oocytes are easy to study
because of their enormous size
(~ 1 mm in diameter).
Xenopus laevis

Asymmetry in the Xenopus laevis oocyte
•

The oocyte is a very big cell (~1.0 mm).

•

The oocyte contains all mRNA that is needed for the first stages of
celldivision in embryonic development.

•

The oocyte is devided into a vegetal and an animal hemisphere and
polarized between these.

•

The animal hemisphere contains most of the organelles and the
nucleus. The part animal cortex containing the nucelus is called the
germinal vesicle.

•

The oocyte has a gradient of yolk platelets. With a low concentration
of yolk in the animal hemisphere and a high concentration in the
vegetal hemisphere.

The Xenopus oocyte

The Xenopus oocyte
•

The oocyte is held up by the cytoskeleton

•

The cytoskeleton consists of three major components, microtubules,
microfilaments and intermediate filaments

•

The microtubules are hollow tubes made from polymers of a
heterodimeric protein containing α- and β-tubulin units. They have a
built in polarity and are localized in a random network across the
cell.

•

Microfilaments consists of globular actin monomers and are all over
the oocyte holding all the different parts in place.

•

The microtubules and microfilaments are also used for transport and
localization of mRNA within the egg cell.

•

The intermediate filaments makes the epithelium stronger and gives
the cell strength so it does not break during cell division.

mRNA asymmetry in the oocyte
•

There are many different types of mRNA in the Xenopus oocytes

•

Most of them are homogeneously distributed symmetrically across
the cell.

•

Some mRNAs are assymetrically distributed in the oocyte.

•

They can be found in larger concentrations at either the animal or
the vegetal side of the oocyte

•

The localization of different mRNAs to different parts of the oocyte is
very complex and not know exactly

Localized RNA in Xenopus oocytes
•

Distribution of RNA to different regions of the oocytes is the most
important process in terms of patterning the embryo.

•

Vg1 was the first RNA to be studied in detail.

•

Sequences in the 3´untranslated region are necessary for RNA
localisation.

Localized RNAs in Xenopus

Early pathway
•

Translocation to mitochondrial aggregates.

•

Aggregation to the mitochondrial cloud.

•

Translocation from the mitochondrial cloud and anchoring at the
vegetal cortex.

Late pathway
•

Vg1 RNA exemplifies localization by the late pathway.

•

Hallmarks of the late pathway include a reliance on the cytoskeleton
and vegetal translocation of RNA during stages 3-4.

Asymmetric localisation of mRNAs
during Drosophila development

Introduction
•

RNAs that are involved in the specification of embryonic axes are
localized asymmetrically within the developing egg or syncytial
embryo

•

Deposition of mRNA transcripts at selected sites in the oocyte leads
to localized translation of proteins that establish embryonic body
axes
– gurken (grk) transcripts establish the anteroposterior and
dorsoventral axes
– bicoid (bcd) and oskar (osk) transcripts establish the
anteroposterior axis

Introduction
•

RNA localization is evident during embryonic development,
particularly in the syncytial blastoderm embryo
– Pair rule genes such as hairy (h) and fushi tarazu (ftz) lie apical
of the peripheral nuclei

•

Localization of these transcripts may be mediated by signals within
their 3’ untranslated regions (UTRs) and are driven by a dynein
motor complex

Example I: I Factor

Localized I Factor

I Factor is a retrotransposon (or transposable
element), which inserts itself into the genome
of an organism

I Factor has been found to localize in a similar
manner to gurken
(Van De Bor, Hartswood, Jones, Finnegan & Davis)

The localization signal has been mapped to a
58nt signal necessary and sufficient for
localization.
Van De Bor

nucleus

Example II: gurken
Localizing mRNA in oocyte
D

grk

P

A
osk

V

bcd

gurken encodes a TGFα homologue

gurken is localized to the dorso/anterior corner, forming a cap around the oocyte nucleus and
establishes the dorso/ventral axis
gurken localization has been shown to be dynein dependent
(MacDougal et al, 2003, Dev. Cell, 4, 307-19)

gurken localization signal has been mapped to 64nt necessary and sufficient for localization
(Van De Bor & Davis, 2004, Curr. Opin. Cell Biol. 16, 300-7 )

gurken also localizes in the embryo

A summary of the steps that lead to the
polarization of the AP and DV axes.

St Johnston D. The beginning of the end. EMBO J. 2001 20(22):6169-79.

A diagram of a stage 10a Drosophila egg chamber showing the
localized signals that polarize the AP and DV axes of the embryo.
bicoid mRNA (blue), oskar mRNA (red), gurken mRNA (green); pipe
expression (dark green); and torsolike expression (magenta).

St Johnston D. The beginning of the end. EMBO J. 2001 20(22):6169-79.

Fig. 3. The role of Staufen in the localization of bicoid, oskar and prospero mRNAs. (A–C) Staufen is required for
the posterior localization of oskar mRNA. Staufen protein (A) localizes to the posterior of the oocyte at stage 9,
with oskar mRNA (B). (C) In a staufen null mutant, oskar mRNA remains at the anterior of the oocyte. (D and
E) Staufen anchors bicoid mRNA at the anterior of the egg. Staufen (D) and bicoid mRNA (E) co-localize at the
anterior of the egg in wild type, whereas bicoid mRNA diffuses to form a gradient in a staufen null (F). (G–
I) Staufen mediates the basal localization of prospero mRNA during the asymmetric divisions of the neuroblasts.
Staufen (G) localizes to the basal side of the cell at metaphase with prospero mRNA (H). (I) In staufen mutants,
prospero mRNA is delocalized.
St Johnston D. The beginning of the end. EMBO J. 2001 20(22):6169-79.

Mechanisms of mRNA localization
•

Three types of mRNA transport
in the cell
• Simple diffusion; only for small
mRNA- strings that diffuse
through the cytoplasm and are
localized at a specific site by a
mRNA- receptor
• Active transport; a motor
protein transports the mRNAs
along specific paths in the cell,
along microtubules or
microfilaments. This is the main
way of mRNA transport.
• Cytoplasmic flow; A random
process where the organized
network in the cell gives a flow
of cytoplasm that transport
intracellular molecules such as
mRNA

Recognition
• RNA localisation relies on cis-acting sequences reciding
in the 3´untranslated region of the localized messages
(ZIP code in 3’ UTR).
• Localized RNAs interact through their localization
elements with trans-acting factors.
• The complement of these interactions form a specific
ribonucleoprotein complex that is responsible for
directing localization.

Sequence Similarity
gurken
Ifactor

%ID = 34%

AAGTAATTTTCGTGCTCTCAACAATTGTCGCCGTCACAGATTGTTGTTCGAGCCGAATCTTACT 64
---TGCACACCTCCCTCGTCACTCTTGATTTT-TCAAGAGCCTTCGATCGAGTAGGTGTGCA-- 58
*
*
***
** ***
***
* * ***** *
*

Structural Similarity
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64nt stem loop
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Are there more examples in
the Drosophila genome using
a similar mechanism of
localization?
Search by secondary
structure not sequence

I2
I2

V. Van Der Bor, D. Finnegan, E. Harstwood and C. Jones

Mechanism of mRNA localisation
mRNA
cis-acting signal
Trans-acting factors
Dynein

+

microtubules

-

RNA Localization is a mode of targeting various proteins to their site of function
Cis-acting signals in the mRNA are recognised by trans-acting factors bound to
the dynein motor
Translation of the mRNA into protein is blocked during transport
The mRNA is anchored at the site of function before being translated to protein
(Delanoue & Davis, 2005, Cell)

Motor proteins for mRNA transport
•

Large multiprotein complexes with
a dimer structure. The MPs uses
ATP for the transport.
• (a) Kinesin; plus-end-directed
motor protein, many different
kinds where some can be minusend-directed.
• (b) Cytoplasmic dynein; the major
minus-end motor along the
microtubules, interacts with
dynactin which helps with the
orientation along the MT.
• (c) Non-muscle myosin is a family
of motor proteins along the actin
microfilaments.

Nucleocytoplasmic shuttling of Stau2. (A) Schematic representation of Stau259 and its transport
factors. The nuclear import of Stau259 is mediated by the NLS between RBD3 and RBD4,
although the import receptor remains unidentified. Stau259 is exported from the nucleus via two
distinct pathways, Exp-5-dependent one and CRM1-dependent one. Exp-5-dependent pathway
is mediated via RBD3, which interacts with Exp-5 in a dsRNA-dependent manner. The CRM1dependent pathway is mediated by the NES sequence “INQMFSVQLSL” at N-terminal domain.
(B) Model for nuclear RNA export in which Stau2 may act as an export adaptor. In the Exp-5dependent pathway, minihelix-containing RNA that bridges between Stau2 and Exp-5 is
exported. In the CRM1-dependent pathway, other sets of RNA that are able to bind to Stau2 but
not to Exp-5 may be exported. After export, Exp-5 or CRM1 dissociates as a result of GTP
hydrolysis by Ran, and the Stau2-RNA complex then enters the RNA granule for dendritic
transport.

Miki T, Takano K, Yoneda Y.The role of mammalian Staufen on mRNA traffic: a view from its nucleocytoplasmic shuttling function.
Cell Struct Funct. 2005;30(2):51-56.

During mRNA splicing, a large protein
complex including the Y14-Magoh
heterodimer and other factors (multi-armed
gray body) is deposited on the mRNA
upstream of each exon-exon junction.
The NMD protein Upf3 joins this exon junction
complex (EJC) in the nucleus. After nuclear
export, some EJC components dissociate from
the mRNA, while additional factors like Barentsz
and the NMD protein Upf2 become associated
with the complex. A first round of translation
occurs on transcripts bearing the nuclear capbinding proteins CBP80-CBP20 and removes
EJCs from the mRNA unless a premature
termination codon is encountered. In the
prevailing model for NMD, the interaction of Upf1
bound to release factors at a premature
termination codon with Upf2 and Upf3 at a
downstream EJC is thought to trigger mRNA
degradation. The SMD pathway does not require
Upf2, Upf3 or EJC components. In this case,
recruitment of Upf1 to the mRNA downstream of a
termination codon by Staufen 1 triggers mRNA
decay.
Meyer EL, Gavis ER.Staufen does double duty. Nat Struct Mol Biol. 2005 12(4):291-292.

Overlapping components of mRNA decay and
mRNA localization pathways.

Meyer EL, Gavis ER.Staufen does double duty. Nat Struct Mol Biol. 2005 12(4):291-292.

Dendritic mRNA transport by RNA granules. Some mRNAs are included in RNA granules, RNA
transport machineries in neuronal dendrites. RNA granule is a macromolecular structure
composed of numerous factors including ribosomes, RNA-binding proteins and motor proteins,
and moves along microtubules in dendrites. RNA granules lack some essential factors for
translation, and, as a result, are translationally incompetent. A stimulus such as depolarization
induces the release of some mRNAs from RNA granules to translationally active polysomes.

Miki T, Takano K, Yoneda Y.The role of mammalian Staufen on mRNA traffic: a view from its nucleocytoplasmic shuttling function.
Cell Struct Funct. 2005;30(2):51-56.

“The Venice view” of mRNA transport

Ash1 mRNA localisation in the budding
yeast S. cerevisae

Bertrand et al., Mol Cell (98) 2:437-445

Olivier C, Poirier G, Gendron P, Boisgontier A, Major F, Chartrand P.Identification of
A conserved RNA motif essential for She2p recognition and mRNA localization to the
Yeast bud. Mol Cell Biol. 2005 25(11):4752-66

Four ASH1 localization elements
interact with She2p in a yeast threehybrid assay. (A) Predicted secondary
structures of the ASH1 localization
elements E1, E2A, E2B, and E3.
Secondary structures are described with
latin numbered stems (S) and loops (L).
For the element E2B, two separate
domains have been previously identified
(8), but only the secondary structure of
domain 1 has been defined. (B) The
yeast strain YBZ1 expresses a
dimerized bacteriophage MS2 RNAbinding protein fused to a single LexA
DNA-binding domain (MS2-LexA), with
either wild-type (capital letters) or
knockout (lowercase) SHE2 gene.
These strains were transformed with a
plasmid expressing the GAL4 activation
domain fused with the C-terminal
domain of She3p (She3-Cterm-AD),
along with a plasmid expressing an
hybrid RNA containing the indicated
RNA fused to two MS2 binding sites.
The formation of a She2p-hybrid RNA
complex allows the recruitment of the
She3-Cterm-AD and MS2-LexA proteins
and the activation of the reporter genes.
Controls: empty vector (pIIIA/MS2-2)
and the iron response element RNA
(IRE).

Two conserved cytosines in the four ASH1 localization
elements define a She2p-binding motif. (A)
Mutagenesis of each highly conserved cytosine to
uracil or adenine in the ASH1 localization element
results in the loss of interaction with She2p in the yeast
three-hybrid assay. Mutated cytosines are boxed. lacZ
expression is in Miller units. (B) Fluorescent in situ
hybridization on the lacZ mRNA fused to ASH1
localizationelements mutated on the conserved
cytosines. The presence of these mutations in the
localization elements leads to the delocalization of the
lacZ-E1, lacZ-E2A, lacZ-E2B, and lacZ-E3 reporter
mRNAs. DAPI, nuclear DNA; DIC, Nomarski. (C)
Measurement of the percentage of budding yeast cells
with bud-localized lacZ mRNA fused to wild-type or
mutated localization elements. (D)
Coimmunoprecipitation of She2p-Myc and lacZ-E1
mRNAs was disrupted by mutation of the conserved
cytosines in the element E1. Reverse transcriptionPCR detection of the lacZ mRNA fused to wild-type
localization element E1 (lane 1) or mutants M15 (lane
2) and M16 (lane 3) of the element E1 was performed
on either total yeast extract (total) or on the pellet of the
immunoprecipitated Myc-tagged She2p (IP+RT). A
yeast strain expressing the lacZ-E1 mRNA and She2p
without a Myc tag (lane 4) or reverse transcriptionPCRs on the immunoprecipitates without reverse
transcriptase (IP-RT) were used as controls.
Olivier C, Poirier G, Gendron P, Boisgontier A, Major F, Chartrand P.
Mol Cell Biol. 2005 25(11):4752-4766

Olivier C, Poirier G, Gendron P, Boisgontier A, Major F, Chartrand P.
Mol Cell Biol. 2005 Jun;25(11):4752-66

Identification of a She2p-binding motif in
the bud-localized IST2 and YMR171C
mRNAs. (A) Predicted secondary
structures of the IST2 and YMR171C
mRNA localization elements. The
conserved CGA sequence is boxed with
plain lines, whereas the conserved
cytosine is boxed with dotted lines. The
nucleotides are numbered starting from
the adenosine of the start codon as +1.
(B) Three-hybrid assays using yeast
strain YBZ1 with either wild-type or
knockout SHE2 gene, transformed with a
plasmid expressing the GAL4 activation
domain fused with the C-terminal domain
of She3p, along with a plasmid
expressing one of the indicated MS2
fusion RNAs. Controls: empty vector
(pIIIA/MS2-2) and the iron response
element RNA (IRE). (C) Mutagenesis of
each highly conserved cytosine in the
YMR171c mRNA localization element
results in the loss of interaction with
She2p in the yeast three-hybrid assay.
(D) Fluorescent in situ hybridization on
the lacZ mRNA fused to the IST2 and
wild-type, or mutated, YMR171C mRNA
localization elements. The percentage of
budding yeast cells with bud-localized
lacZ mRNA is indicated. DAPI, nuclear
DNA; DIC, Nomarski.

