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which is bound to the P site. Because this motif 
is conserved within the ABC-F subfamily, it 
was termed the P-site tRNA-interaction motif 
(PtIM). The terminus of PtIM interacts with 
the acceptor end of the P-site tRNA, potentially 
influencing tRNA positioning in the peptidyl  
transferase center.

The intriguing observation that EttA binds 
the ribosomal E site and contacts the tRNA in 
the P site suggested that the ABC-F protein  
might regulate translation elongation in 
response to the ATP/ADP ratio in the cell. 
Consistent with this possibility, expression 
of EttA-EQ2 in Escherichia coli conferred  
dominant lethality and strongly inhibited 
protein synthesis, effects that depend on the 
EttA arm motif. To investigate this hypothesis 
directly, Frank, Hunt and colleagues tested 
the effects of wild-type EttA and mutant 
EttA-EQ2 on translation elongation in vitro 
using purified components. The authors 
formed 70S initiation complexes, provided 
them with aminoacyl-tRNAs, elongation 
factors, and nucleotides in various com-
binations, and monitored the products  

resemble those of other ABC proteins except 
for two insertions termed the ‘toe’ and ‘arm’, 
the latter being a longer extension comprising 
two α-helices. An ~70-residue ‘linker’ motif, 
unique to ABC-F proteins lies between the tan-
dem NBDs and contains an extended α-helix. 
Overall, the protein adopts an ‘open’ conforma-
tion, with the subdomains organized loosely 
with respect to one another, as expected for an 
ABC protein without a bound nucleotide1.

The extended features of EttA revealed by 
crystallography allowed EttA-EQ2 to be mod-
eled unambiguously into the cryo-EM map 
of the ribosome complex. EttA-EQ2 binds 
the exit (E) site, filling the space between the 
L1 stalk and P-site tRNA (Fig. 1)2. A model 
of EttA in the ‘closed’ conformation best fits 
the cryo-EM density, consistent with the EttA-
EQ2 variant being trapped in the ATP-bound 
state. The arm of EttA-EQ2 interacts with 
the L1 stalk, a dynamic element of the ribo-
some responsible for facilitating movement 
of tRNA from the peptidyl (P) to the E site 
during translocation. On the other side of the 
ATPase, the linker motif contacts fMet-tRNA, 

Recent studies have started to reveal that pro-
tein synthesis is a more highly regulated pro-
cess than was previously appreciated, although 
many aspects of translation regulation remain 
unknown. Two new reports describe the dis-
covery of a bacterial protein factor, energy- 
dependent translation throttle A (EttA), which 
can regulate translation in response to changes 
in cellular energy homeostasis1,2. The ability 
of EttA to link protein synthesis to changing 
metabolite levels opens up the exciting possi-
bility that other translation factors might also 
respond to different physiological cues, as is the 
case for transcriptional regulation.

EttA (previously known as YjjK) is a 
member of the ATP-binding cassette (ABC) 
protein family, best known for their role in 
membrane transport. However, many ABC 
proteins are not membrane-associated trans-
porters and have instead been implicated in 
a wide range of other roles including DNA 
repair and replication (UvrA), enzyme regu-
lation (GCN20), macrolide-lincosamide- 
streptogramin antibiotic resistance  
(MsrA) and translation regulation  
(ABC50, eEF3 and ABCE1)3,4. EttA is a mem-
ber of the ABC-F subfamily, whose members 
all lack membrane-spanning domains. Its simi-
larity to other proteins implicated in transla-
tion prompted the authors of the two studies in 
this issue to probe its role in more detail.

Boël et al.1 report the X-ray crystal  
structure of nucleotide-free EttA at 2.4-Å  
resolution, and Chen et al.2 report the cryo-EM 
structure of a mutant version of EttA bound 
to the ribosome. This EttA mutant (E188Q 
E470Q, termed EttA-EQ2) is a key tool in the 
present studies because it is able to bind, but 
not hydrolyze, ATP. In the crystal lattice, EttA 
forms a domain-swapped dimer, although 
several observations, including the cryo-EM 
reconstitution, suggest that the monomer is 
the biologically active form1,2. The tandem 
nucleotide-binding domains (NBDs) of EttA 
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Figure 1  ABC proteins bind to different sites on the ribosome. Comparison of the positions of EttA on 
the 70S ribosome (left), eEF3 on the 80S ribosome (center) and Dom34-Rli1 on the 80S  
ribosome (right). Top images show the entire ribosome, viewed down the subunit interface from above; 
bottom images show the large subunit viewed from the interface. Red, ABC proteins; green, P-site 
tRNA; magenta, A-site tRNA; orange, release-factor paralog Dom34. 
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ribosome becomes stalled inadvertently (for 
example, in the ‘no-go decay’ and ‘non-stop 
decay’ pathways). The binding site for Rli1 
overlaps that of the translational GTPases  
(Fig. 1)5, consistent with biochemical evi-
dence that Rli1 action follows GTP hydrolysis 
and release of eRF3 or Hbs1 in recycling path-
ways16. That EttA, eEF3 and ABCE1 act on dis-
tinct regions of the ribosome underscores the 
functional diversity of this family of molecular 
motors, and it seems likely that more roles in 
regulating translation will be assigned to ABC 
family members in the future.
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positioned at the start codon. This inhibi-
tory function may be part of a larger cellular 
mechanism, involving pathways such as the 
stringent response, to place certain ribosomal 
complexes in a state of hibernation. Upon 
nutrient replenishment, exchange of ADP for 
ATP on EttA enables EttA to promote dipep-
tide formation, hydrolyze ATP and dissociate 
from the E site. Although this model pro-
vides an initial framework for understanding 
EttA function, many open questions remain. 
One is how ATP hydrolysis can promote the 
release of EttA from the ribosome, whereas 
ADP can stabilize EttA and cause translation 
inhibition. Another is whether EttA acts in a 
general manner or targets a particular sub-
set of ribosomal complexes. Future studies to 
address these questions are undoubtedly on 
the docket.

EttA is the third soluble ABC protein whose 
binding site on the ribosome has been deter-
mined, as cryo-EM structures reported by 
Beckmann and co-workers previously revealed 
the positions of eEF3 and ABCE1 (Rli1) on 
the 80S ribosome5,6. Notably, these three ABC 
proteins bind the ribosome at completely dif-
ferent sites (Fig. 1). This arrangement con-
trasts with that of the translational GTPases 
(e.g., IF2, EF-Tu, EF-G, RF3 and LepA), which 
all bind an overlapping site on the aminoacyl 
(A)-site side of the ribosome7–11. Eukaryotic 
elongation factor 3 (eEF3) is an ABC-F protein 
that has important roles in both translation 
elongation and recycling in fungi12–14. This 
ATPase binds along the ‘top’ of the ribosome, 
bridging the central protuberance of the large 
subunit and the head of the small subunit  
(Fig. 1)6. ABCE1 (Rli1 in yeast) is highly 
conserved in Eukarya and Archaea and con-
tributes to both termination and ribosome 
recycling15–17. Rli1 acts in concert with eRF1 
and eRF3 when the ribosome encounters a 
stop codon and additionally acts with release-
factor paralogs Dom 34 and Hbs1 when the 

of elongation (di-, tri- and tetrapeptides)  
following addition of EttA or EttA-EQ2. EttA-
EQ2 strongly inhibited translation elongation 
after formation of the first peptide bond.

In light of the cryo-EM reconstruction, 
the simplest interpretation of these data 
is that EttA-EQ2 inhibits translocation by 
sterically occluding the E site, a conclu-
sion further supported by single-molecule 
fluorescence resonance energy transfer 
experiments. Under the same conditions, 
wild-type EttA had no inhibitory effect 
on elongation. However, when the reac-
tion contained ADP rather than ATP, EttA 
caused substantial inhibition of translation. 
Qualitatively, the effects of EttA–ADP and 
EttA-EQ2–ATP differed, with EttA–ADP 
uniquely inhibiting formation of the first 
peptide bond. Interestingly, at high ATP 
concentration, wild-type EttA slightly 
stimulated translation elongation. These 
findings show that EttA can regulate trans-
lation in response to variations in the ATP/
ADP ratio, at least in vitro.

To test the idea that EttA regulates trans-
lation in energy-depleted cells, Boël et al.1 
assessed the fitness of ∆ettA cells grown in 
cultures that were subjected to intervals of 
stationary phase conditions. Whereas ∆ettA 
cells grew as well as did control cells in mixed 
cultures under growth-permissive condi-
tions, control cells took over the population 
when cultures were subjected to increased 
time in stationary phase. These data imply 
that EttA contributes either to survival 
in stationary phase or to the transition 
from stationary to logarithmic phase after  
dilution into fresh media.

The authors propose a model, based on 
their collective findings, for how EttA might 
regulate translation: as cells enter stationary 
phase, the increased concentration of ADP 
causes EttA to inhibit translation initiation 
by binding the vacant E site of ribosomes 
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