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New functions in translation termination
uncovered for NMD factor UPF3B
Oliver Mühlemann & Evangelos D Karousis

Despite a wealth of biochemical data, the
mechanism by which targets of the
nonsense-mediated mRNA decay (NMD)
pathway are recognized during translation
termination remains elusive. A new study
by Neu-Yilik et al (2017) using a fully
reconstituted in vitro translation termina-
tion system reveals new roles for the NMD
factor UPF3B in translation termination
and a direct interaction between UPF3B
and ribosome release factors.

See also: G Neu-Yilik et al

N onsense-mediated mRNA decay

(NMD) is a cellular surveillance

pathway recognizing and degrading

mRNAs that fail to terminate translation

properly. However, at which termination

codons (TCs) and under which circum-

stances NMD is triggered, and how normal

translation termination differs mechanisti-

cally from proper termination is still poorly

understood. To study the influence of the

evolutionarily conserved NMD factors UPF1,

UPF2, and UPF3B on translation termina-

tion, Neu-Yilik et al (2017) adopted a fully

reconstituted in vitro translation termination

system previously developed in the Pestova

laboratory (Alkalaeva et al, 2006). In this

system, so-called pre-termination complexes

(pre-TCs) are assembled from purified

mammalian ribosomal subunits, aminoacy-

lated tRNAs, and initiation and elongation

factors. These pre-TCs contain the peptidyl-

tRNA in the P-site, and the TC is aligned to

the A-site of the ribosome. Ribosomal occu-

pancy at the termination codon can be visu-

alized at single nucleotide resolution by the

toeprinting technique, and these complexes

yield toeprints 13 nucleotides downstream

of the U nucleotide of the TC. Addition of

the eukaryotic release factors eRF1 and

eRF3a leads to conformational changes in

the pre-TC that shifts the toeprint 1–2 nucleo-

tides forward and subsequent GTP hydrolysis

by eRF3 triggers the release of the nascent

peptide, converting the pre-TC into the post-

termination complex (post-TC). Based on the

evidence that termination events resulting in

NMD are slower than normal termination

events (Amrani et al, 2004; Peixeiro et al,

2011; Ivanov et al, 2016), Neu-Yilik et al

(2017) attempted to mimic this situation by

adding only limiting amounts of eRFs to their

translation termination assays. Under these

conditions, neither UPF1 nor UPF2 had an

effect on pre-TC-to-post-TC transition. By

contrast, addition of UPF3B reduced the effi-

ciency of post-TC formation. Interestingly,

addition of UPF2 together with UPF3B abol-

ished the capacity of UPF3B to delay transla-

tion termination, indicating that binding to

UPF2 prevents UPF3B from interfering with

translation termination. Monitoring peptide

release showed that UPF3B reduced the

peptidyl-tRNA hydrolysis, a process that is

catalyzed by the conserved GGQ motif of

eRF1 and strongly enhanced by GTP hydro-

lysis of eRF3a.

Previous co-immunoprecipitation (co-IP)

experiments had indicated a physical link

between the NMD apparatus – specifically

UPF1 – and the release factors (Kashima et al,

2006; Ivanov et al, 2008; Singh et al, 2008),

but these co-IPs give no information on

whether the detected interactions are direct or

indirect. With purified recombinant proteins

in hand, Neu-Yilik et al (2017) re-examined

the interactions between UPF1, UPF2,

UPF3B, and eRF1/eRF3a. Unexpectedly and

inconsistent with the previous interpretations

of the co-IP data, recombinant UPF1 neither

bound eRF1 nor eRF3a individually, nor the

eRF1/eRF3a complex. By contrast, UPF3B

was found to interact with eRF3a and to a

lesser extent with eRF1 and a stable trimeric

complex consisting of UPF3B, eRF3a, and

eRF1 was detected by size exclusion chro-

matography, suggesting that the observed

effect of UPF3B on translation termination

was mediated by a direct interaction of this

protein with the release factors. The authors

further showed that the N-terminal part of

eRF3a, which is dispensable for its function

in translation termination, interacts with the

so far uncharacterized middle domain of

UPF3B (amino acids 147–419). Interestingly,

most of the reported UPF3B mutations associ-

ated with neurodevelopmental effects are

located in this region (Alrahbeni et al, 2015).

A further surprise from these interaction

studies was that UPF1 and UPF3B also

appear to interact directly with each other, an

interaction that hitherto was thought to be

bridged by UPF2. These findings support a

role of UPF3B as a hub that directly binds to

the ribosome, UPF1, and RNA and also takes

part in the termination complex by interact-

ing with release factors, providing opportuni-

ties for an immediate link to NMD activation.

Using the in vitro translation termination

assays, Neu-Yilik et al (2017) also examined

effects of UPF1-3 in the presence of saturat-

ing release factor concentrations. Under

these conditions, essentially all pre-TCs were

converted to post-TCs as indicated by the

toeprint shifts of 1–2 nucleotides. Addition of

UPF1, irrespectively of its phosphorylation

status or ATPase activity, or UPF2 had no

effect on the toeprint pattern, suggesting that

these two factors have no impact on
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translation termination. Addition of UPF3B

still led to a small retention of pre-TCs,

implying that even when release factors were

not limiting, UPF3B caused some delay in

termination. However, a more prominent

effect of UPF3B observed under these assay

conditions was a decrease in the post-TC

toeprint signal and a concomitant increase

in the full-length mRNA toeprint signal, indi-

cating that UPF3B promotes the release of

post-TCs from the mRNA. This apparent

UPF3B-mediated destabilization of post-TCs

is independent of UPF1 but prevented by

UPF2. Neither the N-terminal RNA recogni-

tion motif (RRM) nor the middle domain of

UPF3B were sufficient on their own to exert

post-TC dissociation, while the exon junction

complex binding motif (EBM) was dispens-

able. The authors further showed that the

presence of nonhydrolyzable GTP or a

peptide release-deficient eRF1 mutant (eRF1

AGQ) in the reaction abolished the UPF3B-

promoted post-TC dissociation, showing that

UPF3B exerts its function after release of the

nascent peptide. Curiously, UPF3B also

dissociated post-TCs in the absence of eRF3a,

indicating that the above-characterized

UPF3B–eRF3a interaction is not required for

UPF3B-mediated ribosome dissociation.

Similar to the previously reported ribosome

recycling activities of eIF3, eIF1, and eIF1A

(Pisarev et al, 2007), the UPF3B activity was

only observed at low (physiological) Mg2+

concentrations, suggesting that UPF3B may

promote ribosome release by accessing the

ribosome subunit interface, which is stabi-

lized at elevated Mg2+ concentrations.

Collectively, the data presented by

Neu-Yilik et al (2017) beg for some adjust-

ments in the currently prevailing mechanistic

models for NMD. Foremost, their data

suggest that UPF3B rather than UPF1 may

be the key player in functionally and physi-

cally interacting with the translation termi-

nation machinery. Neither UPF1 per se nor

its helicase activity or phosphorylation

status affected the termination reaction in

the reconstituted in vitro system and the

previously reported interaction between

UPF1 and the release factors appears to be

indirect, mediated primarily by UPF3B.

While it cannot be ruled out that the

employed in vitro assay fails to faithfully

recapitulate the in vivo situation, the new

results seem to indicate that UPF1 exerts its

essential role in NMD at a step after transla-

tion termination, possibly in recruiting the

RNA decay machinery and in dissociating

the NMD complex from the 30 decay frag-

ment after SMG6-mediated endonucleolytic

cleavage of the mRNA (Franks et al, 2010).

Instead, UPF3B appears to influence transla-

tion termination at two steps: first by further

delaying pre-TC-to-post-TC transition and

peptide release when termination is ineffi-

cient and second by promoting dissociation

of post-TCs after peptide release. Based on

their results, Neu-Yilik et al (2017) propose

a modified NMD model (Fig 1), according to

which UPF3B binds ribosomes that stall at

TCs in the absence of termination-promoting

PABPC1 and facilitates the recruitment of

the release factors. After peptide release has

occurred and now independent of its interac-

tion with the release factors, UPF3B

promotes ribosome release. Subsequently, it

nucleates assembly of an NMD-triggering

complex, by associating with UPF1 and

UPF2, which leads to the phosphorylation of

UPF1 and in turn the recruitment of the

decay factors (e.g., SMG6 and SMG5/

SMG7). This modified NMD model makes a

number of predictions that need to be tested

in the future, for example, that UPF3B

would be associated specifically with termi-

nating ribosomes on mRNAs targeted by

NMD and that UPF3B requires the presence

of UPF1 to link aberrant translation termina-

tion to NMD activation. Regardless of some

inconsistencies and contradictions between

the results of this study and previously

published data that eventually need to be

clarified, the new data by Neu-Yilik et al

(2017) constitute an important and thought-

stimulating contribution to the intricate

challenge of deciphering the molecular

mechanism of NMD. Clearly, the in vitro

translation termination assay represents a

powerful and promising tool for succeeding

in this endeavor.
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Figure 1. The role of the NMD factor UPF3B in aberrant translation termination.
In the context of normal translation termination, PABP (PolyA-binding protein) facilitates recruitment of the
release factors (eRF1/eRF3) to the pre-TC. When translation termination is aberrant, ribosome stalling is further
enhanced by the NMD factor UPF3B, which aids the recruitment of release factors and subsequently promotes
ribosome release and the assembly of NMD factors. UPF2 antagonizes the UPF3B-enhanced recruitment of the
eRF1/eRF3 complex to the pre-TC.
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