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The enduring enigma of nuclear translation

David W. Reid' and Christopher V. Nicchitta'2

'Depariment of Biochemistry and Department of Cell Biology, Duke University Medical Center, Dutham, NC 27710

Although the physical separation of transcription in the
nucleus and translation in the cytoplasm has presided as
a fundamental tenet of cell biology for decades, it has not
done so without recurring challenges and contentious de-
bate. In this issue, David et al. (2012. J. Cell Biol. http://
dx.doi.org/10.1083/cb.201112145) rekindle the con-
troversy by providing convincing experimental evidence
for nuclear translation.

Translation in the nucleus was first described more than half a
century ago by Allfrey (1954), who reported a rapid incorpo-
ration of radioactive amino acids into nuclear proteins. These
experiments were followed in the 1970s by a prominent study
by Goidl et al. (1975), demonstrating the isolation of polyribo-
somes from nuclei. This study came to the already controversial
conclusion that the nucleus can be an active site of protein syn-
thesis. These data notwithstanding, the concept of nuclear trans-
lation has engaged many but convinced few. Perhaps the most
compelling argument against nuclear translation is the problem
of delivery of the translation machinery (ribosomes, initiation
and elongation factors, and charged tRNAs) to the nucleus.
Optical imaging experiments of the subcellular distributions of
several GFP-tagged translation factors have indicated, for exam-
ple, very low levels of translation factors in the nucleus, present-
ing a difficulty for canonical translation (Bohnsack et al., 2002).
It is also established that small and large ribosomal subunits
undergo maturation in the cytosol, and thus, it is possible that
intranuclear ribosomal subunits are functionally compromised
(Udem and Warner, 1973; Ford et al., 1999) And although there
is evidence for aminoacylated tRNAs in the nucleus (Lund and
Dahlberg, 1998), the combined results are generally agreed to
strongly disfavor nuclear translation as a biological reality.

The question of nuclear translation was revived in a land-
mark study by the Cook laboratory, which used biotinylated
lysyl-tRNA to visualize translation in isolated mammalian nuclei
(Iborra et al., 2001). These probes were readily detected in the
nucleus, colocalized with sites of active transcription, and their
incorporation was suppressed by inhibition of RNA polymerase II,
raising the possibility that translation and transcription may
be, to some degree, coupled as they are in bacteria. A subsequent
study found that, in polytene chromosomes, ribosomes colocalize
with transcriptional components (Brogna et al., 2002), further
substantiating the coordination of translation and transcription.
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Despite multiple approaches pointing toward the conclu-
sion that some translation occurs in the nucleus, doubt remained
because of concerns of contamination from cytosolic or endo-
plasmic reticulum—bound ribosomes and antibody specificity
(Nathanson et al., 2003; Dahlberg and Lund, 2004). In using
both a novel method for identifying translation sites, termed
ribopuromycylation, and by imaging translation in intact cells,
David et al. (in this issue) circumvent many of these concerns
and provide significant new evidence for nuclear translation.
In the ribopuromycylation technique, cells are first treated with
an inhibitor of translation elongation to yield stalled polyribo-
somes with associated nascent peptide chains. Subsequent treat-
ment with puromycin results in its covalent incorporation into
nascent chains. Importantly, the puromycylated nascent chains
retain their association with the ribosome, thereby enabling
imaging of translation with antipuromycin antibodies. Chemical
and viral inhibitors of translation serve as negative controls to
show that this technique does indeed capture active translational
elongation. In this carefully performed series of experiments,
David et al. (2012) find a substantial signal corresponding to
translation in the nucleus and that is particularly enriched in
the nucleolus. That the antipuromycin signal was substantially
colocalized with an antiribosomal protein antibody lends ad-
ditional credence to the observation.

Combined with the aforementioned studies, a parsimoni-
ous conclusion would be that an appreciable amount of ribo-
somal translation activity occurs within the nucleus. Although
the noted absence of some initiation factors is of interest, it is
important to recognize that the ribosome is, at its core, an en-
zyme with some degree of promiscuity. Indeed, the initial char-
acterization of the ribosome relied on its ability to translate
polyuridylic acid to yield polyphenylalanine (Crick et al., 1961).
Nuclear ribosomes could, therefore, plausibly rely on a subset
of factors outside of the core initiation complexes, as we under-
stand them.

With the phenomenon of nuclear translation on more
stable footing, several important questions regarding its mecha-
nism and biological function can be asked. Most important is a
fundamental distinction: is the primary function of ribosomes
in the nucleus to synthesize nuclear proteins or to serve in a
quality control role, such as nonsense-mediated decay (NMD)?
There is some evidence for each possibility. NMD, in which
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Figure 1. Potential roles of nuclear ribosomal activity.
We suggest three general classes of potential activities for
nuclear ribosomes. First is bona fide protein synthesis, in
which mature proteins (likely those that are functional in
the nucleus) are synthesized on polyribosomes. A second
possibility is that nuclear ribosomes participate in a qual-
ity control process, either of mRNAs or of the ribosomes
themselves. Depicted is the removal of the exon junction
complex in NMD, a process that targets mRNAs with pre-
mature stop codons for degradation. A final possibility is
that ribosomes react with RNA substrates in a nonspecific
manner while in the nucleus, producing proteins with no
particular coherence.

ribosomes scan for mRNAs with premature stop codons and
mark them for degradation (Belgrader et al., 1993), is appealing
to imagine as a nuclear process. Live-cell imaging of mRNAs
with a premature stop codon found that nonsense mutations are
identified cotranscriptionally (de Turris et al., 2011), and com-
ponents of the NMD machinery can physically associate with
the transcriptional complex (Iborra et al., 2004). On the other
hand, there have been studies of substantial buildup of newly
synthesized proteins in the nucleus (Birnstiel and Flamm, 1964),
and as we have discussed, intact polyribosomes have been de-
tected in the nucleus (Goidl et al., 1975). Some combination of
these two functional roles may be at play, each of which stands
to contribute to our understanding of posttranscriptional gene
regulation (Fig. 1). A critical missing piece of the puzzle is in-
sight into the identities of the (presumably) mRNAs that serve
as substrates for nuclear translation. Here, genome-scale ribo-
some footprinting (Ingolia et al., 2009) could be quite infor-
mative, assuming that sufficient biochemical evidence could be
marshaled to convincingly demonstrate that the nuclear polyri-
bosome fraction in question originates from intranuclear sites
rather than the outer nuclear envelope, which is itself richly
arrayed with polyribosomes.

Some tantalizing clues about the biological function of
nuclear translation are provided by the experiments by David
et al. (2012) using viral infection to inhibit translation. Instead
of a uniform reduction in translation, influenza infection spe-
cifically inhibits translation in the nucleolus. This may point
toward an inhibition of NMD, which is used against viruses
(LeBlanc and Beemon, 2004), or some particularly unique
mode of inhibition. Here, too, insights into the RNAs under-
going translation would be very informative. Again, and given
that the preponderance of experimental evidence convincingly
demonstrates that intranuclear ribosomes are enzymatically
active,thechallengeistodistinguishbetweenenzymatic “noise,”
which may be an intrinsic behavior of intranuclear ribosomes,
or biologically relevant mRNA translation. If the latter, such
results would fit into our increasingly complex understanding
of the cellular architecture of protein synthesis, which includes
not only cytosolic protein synthesis but nuclear, endoplasmic
reticular (Reid and Nicchitta, 2012), cytoskeletal (Kislauskis
et al., 1997; Sharp et al., 2011), and mitochondrial-directed
(Corral-Debrinski et al., 2000) translation.
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Although considered skepticism is crucial to the progres-
sion of science, it is a valuable exercise to pose the questions
what if and why. The history of science offers myriad examples
of new ideas that overturned widely accepted models, many of
which encountered fierce resistance in spite of fundamentally
sound evidence. The question of nuclear translation may prove
to be one such case study.
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