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Abstract
Translational control is central to the gene expression pathway and was the focus of the 2013 annual
Translation UK meeting held at the University of Kent. The meeting brought together scientists at all career
stages to present and discuss research in the mRNA translation field, with an emphasis on the presentations
on the research of early career scientists. The diverse nature of this field was represented by the broad range
of papers presented at the meeting. The complexity of mRNA translation and its control is emphasized by
the interdisciplinary research approaches required to address this area with speakers highlighting emerging
systems biology techniques and their application to understanding mRNA translation and the network of
pathways controlling it.

Introduction
mRNA translation is a key regulatory step in the control
of gene expression and protein synthesis. The field itself
covers many aspects, including, but not limited to: (i)
the mechanisms and regulation of translation initiation,
elongation and termination both globally and in an mRNA-
specific manner, (ii) the regulation of mRNA stability
and turnover, (iii) miRNA-mediated regulation, and (iv)
subcellular localization of mRNAs and mRNA sequestration.
Publications associated with the search term ‘mRNA
translation’ have been increasing year on year over the
last 30–40 years, and currently exceed 17 000 per year as
determined using this as a search parameter in PubMed.
The Translation UK 2013 meeting covered research spanning
a diverse range of biological contexts including virology,
recombinant protein production, developmental biology,
stress responses, immunity, yeast cell biology, oncology and
disease mechanisms. A key goal of the meeting was to
bring together the leading U.K.-based academic groups with
complementary strengths in mRNA translation to facilitate
the dissemination of new and novel research findings, and
encourage the development of new collaborations.
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Translational control: a global perspective
Understanding the basic biology and control of mRNA
translation in a global sense underpins the advances made
in this dynamic field. As early as the 1960s, it was recognized
that translation required other protein factors in addition
to ribosomes for efficient polypeptide synthesis [1]. In
the salient model of translation, it is widely accepted that
initiation is the rate-limiting step and point at which most
control is exerted, although the papers from the Stansfield
[2] and Tuller [3] groups in this issue highlight emerging data
suggesting that this is not necessarily the case (see below).

Whether it is the rate-limiting step or not, translation
initiation (Figure 1) is a critical step in the gene-expression
pathway [4], and a number of the factors involved perform
functions outside their direct role in translation initiation (for
example, see [5–7]). This is exemplified by the article from
the Bushell group [8] who describe the functionally distinct
roles of the different eIF4A (eukaryotic initiation factor 4A)
proteins in the control of mRNA translation. In particular,
they describe how eIF4A2, but not eIF4A1, appears to
play a key role in miRNA-mediated gene regulation as
opposed to the RNA helicase activity usually associated
with these, which is stimulated by their binding partners. In
their review, they propose a mechanism by which eIF4A2
may act to mediate miRNA gene regulation on the basis
of comparison with the activity of eIF4A3 which acts as a
tight mRNA clamp. The authors suggest that eIF4A2 acts
as an RNA clamp in association with binding partners that
prevents the eIF4F complex from unwinding the 5′-UTR by
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Figure 1 Eukaryotic translation initiation

Schematic overview of the salient model of eukaryotic translation initiation. For clarity, mRNA circularization is not depicted

and protein/mRNA sizes are not relative. Ternary complex (TC) comprising eIF2·GTP and initiator tRNA is recruited to the 40S

ribosomal subunit, aided by eIFs 1, 3, 5 and 1A, forming a multifactor complex (MFC). mRNP (messenger ribonucleoprotein)

complex comprising the eIF4F factors, PABP [poly(ADP-ribose) polymerase] and mRNA is then recruited to the MFC. Once

bound to the mRNA, ribosome scanning identifies the start codon (48S complex), eIF1 is released and eIF2·GTP is converted

into eIF2·GDP. This process arrests scanning, eIF2·GDP and eIF5 dissociate, and 60S ribosomal subunit joining is mediated by

eIF5B. After subunit joining, the remaining initiation factors dissociate to leave the assembled 80S ribosome.

blocking progression of the helicase. The understanding of
the role of different eIF4A proteins provides further detail
and information on the control of mRNA translation in a
global sense.

In addition to the protein factors required for translation
to occur, the stability of the mRNAs themselves is integral
to the global control of mRNA translation [9]. Wolf and
Passmore [10] highlight the role of the poly(A) tail in
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mRNA stability and translational efficiency in their review
of the structure and function of the PAN [poly(A) nuclease]
complex Pan2–Pan3. The Pan2 and Pan3 proteins form a
complex to deadenylate mRNAs, and evidence for a two-
phase model of deadenylation in which the Pan2–Pan3
complex removes the distal portion of the poly(A) tail while
the Ccr4–Not1 complex performs terminal deadenylation is
discussed in detail. mRNA decay as a result of deadenylation
is well characterized and here the authors present the
evidence that, in a wider context, deadenylation contributes
to fine-tuning of gene expression, including translational
repression.

The papers from the groups of Bushell [8] and Passmore
[10] eloquently describe translational control at what are
traditionally viewed as opposite ends of the process.
However, as the Stansfield group point out in their paper
[2], this artificial modularization is giving way to a more
integrated global view of translation. As already discussed,
the paper from the Bushell group [8] proposes a mechanism
by which eIF4A2 acts to mediate miRNA gene regulation.
The true integrated nature of translational control is
exemplified in the article by Wolf and Passmore [10] who
discuss how complexes at the opposite end of the artificial
spectrum of translational control (Pan2–Pan3 and Ccr4–
Not1 complexes) are recruited to mRNAs via the miRISC
(miRNA-induced silencing complex), resulting in the
subsequent rapid biphasic deadenylation of miRNA-targeted
mRNAs.

Translational control: a systems biology
perspective
Current challenges for further development of our under-
standing of translation and its control arise from increasing
use and accessibility of the ‘-omics’ approaches which have
resulted in the generation of large datasets and the application
of systems biology approaches to understand these data at a
network level [11]. Impactful publications describing how
different systems biology approaches have been employed to
advance knowledge of mRNA translation and its control are
steadily increasing (e.g. [12]). With this in mind, it was timely
to incorporate a systems biology focus into the meeting
programme, therefore a specific aim of the meeting was to
highlight emerging systems biology approaches to investigate
translation and to facilitate future interdisciplinary research
in this area.

The articles by Tuller [3] and Stansfield [2] are based on a
series of exciting recent studies on codon usage, translation
elongation and their role in controlling gene expression. After
many decades of concentrating on translation initiation as
the major control point of translation, a spate of studies has
recently emerged that reveal/confirm translation elongation
is also an important point of control (e.g. [13–15]). In their
review, Gorgoni et al. [2] embrace both theoretical and
experimental work on the control of mRNA translation at
the level of the codon–anticodon interaction and present a
compelling argument as to why creating predictive models

of protein synthesis requires a holistic approach to modelling
translational control. With a particular focus on yeast models,
they provide specific examples whereby Nature has used
either tRNA abundance or tRNA modification to regulate
gene expression. Such regulation by tRNAs is complex,
and Gorgoni et al. [2] provide an accessible overview as to
how computational modelling can be applied to not only
model translation increasingly realistically, but also to make
quantitative predictions giving a fresh perspective and new
insights into translational regulation of gene expression.
Since it is probably a fair assessment that most scientists
working on translational control are more familiar with the
initiation pathway than with the intricacies of an elongation
cycle, and since the actual mechanism by which codon usage
controls gene expression is only slowly being worked out,
misconceptions have become a widespread problem in this
field. In his review, Tuller [3] addresses four such issues,
provides clarifying explanations and suggests approaches for
avoiding such misconceptions in future.

Translational control: dysregulation and
disease
Numerous studies have attributed the dysregulation of
translational control leading to the aetiology and/or
progression of a broad range of disease states including, but
not limited to: (i) viral hijacking of the cellular translation
machinery [16,17], (ii) the up- or down-regulation of protein
synthesis in cancer [18,19], and (iii) genetic diseases arising
from mutations which affect mRNA translation [20]. In this
issue, Kazana and von der Haar [21] explore the concept
that an ideal component arrangement of the gene expression
machinery into a finely tuned network elicits optimal
performance of mRNA translation. They present a persuasive
argument for the apparent robustness of the eukaryotic
translational machinery to perturbation in engineering terms,
while highlighting how, in contradiction to this, the fine
balance of the network is susceptible to both internal and
external influences and give examples of resulting disease
states.

In contrast with the top-down approach employed
by the vast majority of studies linking a disease to
translational control, considering the translational machinery
as a therapeutic target in a bottom-up approach would seek
to identify disease states in which the role of translational
control has previously not been recognized or exploited [22].
The intricacies of translation and its control in disease states
means that, even when translational control is implicated in
disease progression, the mode of such control can be elusive.
Hall and Simmonds [23] expertly summarize our knowledge
of mycolactone action on mammalian cells. This polyketide
lactone is produced by Mycobacterium ulcerans, the causative
agent of Buruli ulcer, a severe disease characterized by the
development of chronic necrotizing skin ulcers at the sites
of infection. Mycolactone is thought to be the sole causative
agent of the cellular cytotoxicity and immunosuppression
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associated with development of Buruli ulcers. Multiple
mechanisms of action have been suggested for mycolactone
which are reviewed by the authors, including the modulation
of expression of specific mammalian genes. Since no change
in mRNA levels has been observed during mycolactone
treatment, this suggests that an uncharacterized mode of
translational control during M. ulcerans infection may be part
of the aetiology of this disease.

Conclusion
The Translation UK 2013 meeting was a lively meeting
covering a wide range of topics as the articles which follow
in this issue of Biochemical Society Transactions demonstrate.
The success of the meeting and timeliness of the systems
biology focus are perhaps best measured by the record
attendance at what was the 20th anniversary of the first
Translation UK meeting which was held at Brockham Park
in July 1994.
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12 Schwanhäusser, B., Busse, D., Li, N., Dittmar, G., Schuchhardt, J., Wolf, J.,
Chen, W. and Selbach, M. (2011) Global quantification of mammalian
gene expression control. Nature 473, 337–342

13 Zhou, M., Guo, J., Cha, J., Chae, M., Chen, S., Barral, J.M., Sachs, M.S. and
Liu, Y. (2013) Non-optimal codon usage affects expression, structure and
function of clock protein FRQ. Nature 495, 111–115

14 Kemp, A.J., Betney, R., Ciandrini, L., Schwenger, A.C.M., Romano, M.C.
and Stansfield, I. (2013) A yeast tRNA mutant that causes pseudohyphal
growth exhibits reduced rates of CAG codon translation. Mol. Microbiol.
87, 284–300

15 Chan, C.T. Y., Pang, Y.L. J., Deng, W., Babu, I.R., Dyavaiah, M., Begley, T.J.
and Dedon, P.C. (2012) Reprogramming of tRNA modifications controls
the oxidative stress response by codon-biased translation of proteins.
Nat. Commun. 3, 937

16 Walsh, D., Mathews, M.B. and Mohr, I. (2013) Tinkering with translation:
protein synthesis in virus-infected cells. Cold Spring Harb. Perspect. Biol.
5, a012351

17 Walsh, D. and Mohr, I. (2011) Viral subversion of the host protein
synthesis machinery. Nat. Rev. Microbiol. 9, 860–875

18 Spilka, R., Ernst, C., Mehta, A.K. and Haybaeck, J. (2013) Eukaryotic
translation initiation factors in cancer development and progression.
Cancer Lett. 340, 9–21

19 Blagden, S.P. and Willis, A.E. (2011) The biological and therapeutic
relevance of mRNA translation in cancer. Nat. Rev. Clin. Oncol. 8,
280–291

20 Scheper, G.C., van der Knaap, M.S. and Proud, C.G. (2007) Translation
matters: protein synthesis defects in inherited disease. Nat. Rev. Genet.
8, 711–723

21 Kazana, E. and von der Haar, T. (2014) The translational machinery is an
optimized molecular network that affects cellular homoeostasis and
disease. Biochem. Soc. Trans. 42, 173–176

22 Moreno, J.A., Halliday, M., Molloy, C., Radford, H., Verity, N., Axten, J.M.,
Ortori, C.A., Willis, A.E., Fischer, P.M., Barrett, D.A. et al. (2013) Oral
treatment targeting the unfolded protein response prevents
neurodegeneration and clinical disease in prion-infected mice. Sci.
Transl. Med. 5, 206ra138

23 Hall, B. and Simmonds, R. (2014) Pleiotropic molecular effects of the
Mycobacterium ulcerans virulence factor mycolactone underlying the
cell death and immunosuppression seen in Buruli ulcer. Biochem. Soc.
Trans. 42, 177–183

Received 14 November 2013
doi:10.1042/BST20130259

C©The Authors Journal compilation C©2014 Biochemical Society


