
Effect of mRNA localization on protein synthesis

Protein synthesis is of fundamental importance for life. The molecular components involved in this process are
messenger RNAs (mRNAs) and ribosomes. In the model bacterium Escherichia coli, the strongly condensed
DNA nucleoid located at midcell causes strong excluded-volume effects, pushing both ribosomes and mRNAs
a to the cell poles. Concurrently, mRNAs that are indpendently localized to different cellular localizations
will be translated at different rates than mRNAs that are localized randomly.
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Motored mRNA transport in neurons. Neuronal axons 
and dendrites, collectively known as neurites, provide 
long, linear tracks for studying mechanisms of motored 
(active) mRNA transport. Intuitively, motored transport 
should play an important part in mRNA movement along 
long neurites. Indeed, kinesin isolated from brain tissue 
interacts with many RBPs, as well as with the CAMK2A 
(which encodes calcium/calmodulin-dependent pro-
tein kinase type II subunit-α) and ARC mRNAs83. More 
recently, kinesin was shown to interact with thousands 
of RNAs, which constitute about 2–5% of the total neu-
ronal transcriptome isolated from the sea hare Aplysia 
californica136; this is comparable to the number of mRNAs 
present in the extra-somatic region in the mouse hippo-
campus9, demonstrating the widespread use of active 
transport for mRNA localization in neurons.

Live observations of RNA movement in neurons 
carried out with the RNA dye SYTO14 showed that 
RNA material (probably mostly ribosomal) moved in a 
directional manner in dendrites, revealing microtubule-
dependent RNA motility137. The measured motored 
transport rates of 0.1 μm per second were 20 times faster 
than the anticipated rate of 0.5 mm per day, which was 
calculated from the average speed at which radio actively 
pulsed RNA migrated into dendrites138. These  two 

measurements are in fact in agreement, as on average 
RNA migrates slowly into neurites, and only a subset of 
individual RNAs would be actively moving at the rapid 
speed measured in the later study. Rapid mRNA trans-
port in conjunction with low transport probability was 
recently confirmed to be the case for β-actin mRNA53,58,62. 
These comprehensive measurements of single, endo-
genous β-actin mRNA kinetics showed that only 10% of 
the mRNA molecules were actively transported at any 
given time with a mean speed of 1.3 μm per second58, 
although the range of instantaneous rates of β-actin 
mRNA transport have been shown to be 0.5–5 μm per 
second53. The motored RNA population migrated in 
both directions in dendrites, and the distance travelled 
was longer in the anterograde direction, raising the pos-
sibility that biased directionality in actively transported 
mRNAs leads to mRNA localization into distal regions 
in neurons137. Live imaging of mRNA in neurons largely 
suggests that actively transported mRNAs travel further 
in a single trip than mRNAs in other cells38,39,58,60 (FIG. 5). 
How this behaviour is unique to neurons is likely to be a 
subject of future research.

The actively transported population of mRNAs in 
neurons has been repeatedly reported to exhibit long, 
processive, oscillatory movements in neurites58,100,137,139. 

Figure 4 | mRNA localization in unicellular organisms. A | In budding yeast, the ASH1 and SRO7 mRNAs are 
transported to the bud tip by the locasome (which comprises Myo4, She3 and She2), Scp160 and Puf6 (part Aa). 
Following pheromone chemotaxis, SRO7 mRNA is transported to the shmoo tip by Scp160 but not by the locasome 
(part Ab). mRNAs encoding membrane or secreted proteins (such as USE1 and SUC2) are localized to the endoplasmic 
reticulum (ER), in a Puf2- and She2-dependent manner (part Ac), whereas the OXA1 and ATP2 mRNAs, which encode 
mitochondrial proteins, are targeted to mitochondria or to the mitochondrion–ER interface in a Puf3-dependent manner 
(part Ad). Some mRNAs encoding peroxisomal proteins (for example, PEX1, PEX5 and PEX14) are localized to 
peroxisomes in a Puf5-dependent manner (part Ae). The ABP140 mRNA, which encodes AdoMet-dependent tRNA 
methyltransferase, is transported to the far pole of the mother cell by direct binding of the amino terminus of its nascent 
protein product, Abp140, to actin filaments. The retrograde movement of actin drives ABP140 mRNA to the far pole in a 
motor-independent manner (part Af). B | In bacteria, the Escherichia coli lacY and bglG–bglF mRNAs, which encode 
transmembrane proteins, localize to the plasma membrane (part Ba). bglG transcribed as a monocistronic mRNA 
localizes to the cell poles (part Bb), whereas bglB transcribed alone is cytoplasmic (part Bc). In Bacillus subtilis, the 
comE transcript, which is an operon that encodes factors for horizontal gene transfer, is localized to the nascent 
septum that separates daughter cells, and to cell poles174 (part Bd).
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mRNA localization at different intracellular locations in bacteria. From left to right, the Escherichia coli
mRNAs which encode transmembrane proteins localize to the plasma membrane, while other mRNAs are
observed to localize to the cell poles, or in the cytoplasm. In Bacillus subtilis, mRNAs may localize to the
nascent septum that separates daughter cells and to the cell poles. Image from [1].

We will synthetically alter native mRNA localization to test their effects on translation rate, monitoring
localization and translation efficiency by fluorescence microscopy in single cells. To that end we will use
green fluorescent protein as a marker of mRNA localization [2] and abundance [3], and a second fluorescent
protein as marker of the total rate of translation.

These results will be tested with established theoretical models, where we will use reaction-diffusion equations
to predict the rate of protein synthesis associated with any given spatial distribution of mRNAs, thus showing
how the protein-synthesis rate can be regulated by controlling mRNA localization patterns.

Overall, this analysis would demonstrate how mRNA localization constitutes a novel, finely tunable mecha-
nism for controlling protein-synthesis rate which is alternative to gene regulation.

This project is suitable for physicists and biologists. However, it requires solid expertise in computational
data analysis and programming in the first place. In addition, the student will be welcome to participate to
the model development to any desired degree.
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