RESEARCH

RESEARCH ARTICLE

CELL BIOLOGY

NAC controls cotranslational N-terminal methionine

excision in eukaryotes

Martin Gamerdinger't*, Min Jia>f, Renate Schloemer*, Laurenz Rabl*, Mateusz JaskolowskiZ,
Katrin M. Khakzar', Zeynel Ulusoy’, Annalena Wallisch', Ahmad Jomaa?f, Gundula Hunaeus’,
Alain Scaiola?, Kay Diederichs®, Nenad Ban?*, Elke Deuerling*

N-terminal methionine excision from newly synthesized proteins, catalyzed cotranslationally by
methionine aminopeptidases (METAPs), is an essential and universally conserved process that plays a
key role in cell homeostasis and protein biogenesis. However, how METAPs interact with ribosomes
and how their cleavage specificity is ensured is unknown. We discovered that in eukaryotes the nascent
polypeptide-associated complex (NAC) controls ribosome binding of METAP1. NAC recruits METAP1
using a long, flexible tail and provides a platform for the formation of an active methionine excision
complex at the ribosomal tunnel exit. This mode of interaction ensures the efficient excision of
methionine from cytosolic proteins, whereas proteins targeted to the endoplasmic reticulum are
spared. Our results suggest a broader mechanism for how access of protein biogenesis factors to

translating ribosomes is controlled.

-terminal methionine excision from new-

ly synthesized proteins is a universally

conserved process that ensures the sta-

bility, folding, and function of cellular

proteins (7, 2). Cleavage is catalyzed by
specific metalloproteases called methionine
aminopeptidases (METAPs), which cotrans-
lationally process their substrates at the exit of
the ribosomal tunnel (3-5). Cleavage requires
the free N terminus of an elongating substrate
to enter a deep methionine-binding pocket in
the core of the protease, where the active site
is located (6, 7). To reach the active site, the
second amino acid after methionine must be
small and uncharged (e.g.,A,C,G, P, S, T, or V)
(8). In eukaryotes, two structurally related
METAPs are expressed in the cytosol, METAP1
and METAP2, which are thought to have sim-
ilar substrate specificity but different ribosome
interaction mechanisms (6, 7, 9, 10). These
enzymes lack a substrate recognition interface
that would allow them to distinguish between
substrates from different cellular compart-
ments. If their ribosome binding were not
regulated, they would cleave methionine from
any nascent substrate that has a small and
uncharged amino acid at the second position,
including proteins with N-terminal presequences
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that direct proteins to the endoplasmic reticulum
(ER) (fig. S1). Instead of METAPs, these sub-
strates require binding of the ER-targeting
factor signal recognition particle (SRP) (11-14),
which competes with METAPs for access to
the ribosome exit site (10). Forced N-terminal
processing of ER signal peptides by METAPs
[and subsequent acetylation of the neo-N ter-
minus by N-acetyltransferases (15, 16)] inhibits
translocation of proteins across the ER mem-
brane (17), suggesting that binding of METAPs
to ribosomes must be tightly regulated by an
unknown factor in vivo. However, how eukary-
otic METAPs interact with ribosomes and how
their binding is spatially and temporally co-
ordinated with other nascent chain-interacting
factors at the ribosome is unknown.

NAC recruits METAP1 to translating ribosomes
using a long flexible tail

We sought to identify factors that regulate ac-
cess of METAPs to translating ribosomes in
eukaryotes. A candidate for this function is
the nascent polypeptide-associated complex
(NAC), an heterodimeric complex consisting
of NACao and NACS that is bound at the tun-
nel exit of virtually all ribosomes in the cell
(18-21). NAC consists of a central globular di-
merization domain from which four long,
flexible tails (N and C termini) protrude (Fig.
1A) (22, 23). The globular domain and the
NACB N terminus interact with the ribosome
near the tunnel exit, where NAC monitors the
N termini of nascent chains for the presence of
ER-targeting signals. NAC then directs these
substrates into the cotranslational ER protein
transport pathway by recruiting SRP to ribo-
somes through the UBA domain in the NACa
C terminus (Fig. 1A) (24-26). Conversely, NAC
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sequences into cytosolic protein matura....-
pathways, where they would first need to be
processed by METAPs. Consistent with such
a role, knockdown of NAC by RNA interfer-
ence (RNAI) resulted in strongly reduced lev-
els of ribosome-associated METAP1 in both
Caenorhabditis elegans (Fig. 1B) and human
cells (fig. S2A). By contrast, ribosome binding
of METAP2 increased in NAC-depleted animals
(Fig. 1B), suggesting a compensatory mecha-
nism for the loss of METAP1. Moreover, me-
thionine cleavage of a METAP model substrate
(fig. S2B) was markedly impaired in NAC-
depleted worms and worsened when METAP2
was additionally knocked down (Fig. 1C). There-
fore, the in vivo function of METAP1 seems to
rely on NAC.

To test for a possible physical interaction
between NAC and METAP1 on ribosomes, we
performed ribosome-binding studies in vitro
using purified human NAC and METAPL In the
absence of NAC, METAP1 bound only weakly
to ribosomes (Fig. 1D and fig. S2C). The addi-
tion of NAC strongly enhanced ribosome asso-
ciation of METAP1 (Fig. 1D and fig. S2C). By
contrast, METAP2 did bind effectively to ribo-
somes in vitro in the absence of NAC, and the
addition of NAC displaced METAP2 from ribo-
somes (fig. S2D). These observations suggest
a direct role of NAC in stabilizing METAP1 on
ribosomes, whereas METAP2 binds indepen-
dently of NAC.

We then used AlphaFold (27) to predict the
structural basis of the interaction between NAC
and METAPI1. The obtained model suggested
an interaction of the NACp C terminus with the
N-terminal zinc-finger domain of METAP1 (Fig.
1E and fig. S3, A and B). Zinc-finger domains
are widespread interaction modules that can
bind DNA, RNA, or proteins (28). This domain
is present only in eukaryotic METAPI, not in
METAP2 or prokaryotic METAP1 (29). The en-
zymatic activity of human METAPI lacking
the zinc-finger domain (A2-70, referred to as
AN-METAP1) was comparable to that of wild-
type METAP1 in vitro, suggesting that this do-
main does not affect the protease active site
(fig. S3C). Zinc-finger domains can be unfolded
by depleting the bound zinc ions using metal
complexing agents (30). Pretreatment of puri-
fied METAP1 with the metal chelator EDTA
almost completely reversed the stabilizing ef-
fect of NAC on ribosome binding of METAP1
(fig. S3D), consistent with an interaction of NAC
with the zinc-finger domain as predicted by
AlphaFold.

According to the AlphaFold model, the METAP1
zinc-finger domain is bound by a conserved
hydrophobic motif (*VPDLV**°) located near
the end of the NACB C-terminal arm (Fig. 1A and
fig. S3A). The molecular details of this interac-
tion closely resemble the interaction of METAP1
with the metallochaperone ZNG1, which binds
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Fig. 1. A motif in the NACB C-terminal arm binds to the zinc-finger domain
of METAPL. (A) Model showing domain architecture of NAC consisting of a
central heterodimeric globular domain and four flexible arms (N and C termini).
The conserved motif (VPDLV®®) in the NACB C terminus is analyzed in panels
(D) to (G). (B) Ribosome association of METAPs after knockdown of NAC in

C. elegans. Proteins in total and ribosomal pellet fractions were detected by
immunoblotting. (C) Methionine cleavage of a METAP model substrate (1433y)
after knockdown of NACB and METAPZ in C. elegans. Uncleaved substrate
containing the initiator methionine (iMet) was detected by an epitope-specific
antibody. Asterisk indicates a nonspecific band. (D) Ribosome binding of human

to the zinc-finger domain of METAP1 using a
similar hydrophobic motif (30, 31). To test the
predicted hydrophobic interactions between
the NACB motif residues V146 and L149 and
the residues 120 and F41 in the METAP1 zinc
finger (Fig. 1E and fig. S4), we replaced these
residues with serines (NACp V146S/L149S and
METAP1 L20S/F41S). Additionally, we inves-
tigated deletion mutants lacking the C termi-
nus of NACB (A140-162, referred to as AC-NACB)
or the N terminus of METAP1 (AN-METAPI).
All mutations almost completely abolished
the stabilizing effect of NAC on ribosome
binding of METAPI in vitro (Fig. 1, D and F).
Moreover, a NAC variant carrying a photo-
cross-linking probe at position V150 of NACf
directly adjacent to the predicted METAP1-
interacting residues (Fig. 1E and fig. S3B)
cross-linked strongly with wild-type METAP],
but not with the L20S/F41S mutant (Fig. 1G).
Thus, NAC interacts with the METAP1 zinc-
finger domain through a conserved hydropho-
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bic motif in the long, flexible C-terminal arm
of NACB.

The binding affinity of the NACp C-terminal
tail to the METAP1 zinc-finger domain was high
(Kp = 0.16 uM + 0.02) and comparable to that
of ZNGI, which shares a similar interaction
motif (fig. S3, E and F) (30). This suggests that
the NACB C terminus provides key binding
affinity for METAP1 on ribosomes. We there-
fore tested the importance of this interaction
for N-terminal methionine excision in vivo.
Consistent with the in vitro studies, ribosome
binding of METAP1 was strongly reduced in
C. elegans worms expressing the AC-NACpB
variant, although like wild-type NAC, this NAC
mutant efficiently bound to ribosomes (Fig. 2A).
Ribosome association of METAP1 was also
strongly decreased in human cells expressing
the V146S/L149S or AC-NACPB mutant variants
(fig. S3, G and H). Thus, the interaction of
the NACB C terminus with the METAP1 zinc-
finger domain facilitates ribosome binding

23 June 2023

METAPL in vitro in the presence of the indicated NAC variants. (E) AlphaFold
model of the NACB-METAP1 interaction. The N-terminal zinc-finger domain

of METAP1 (green) and the C terminus of NACB (purple) are shown. Interacting
residues are shown as spheres. Arrow marks incorporation site of a photo-cross-
linking amino acid for analysis in (G). (F) Ribosome binding of zinc-finger
mutants of METAPL in vitro in presence of wild-type NAC. (G) Photo—cross-
linking of NAC containing the UV-activated photo-cross-linking amino acid benzoyl-
phenylalanine (Bpa) at position V150 indicated in (E). Photo—cross-linking was
performed with wild-type METAPL or a variant in which the two predicted NACB-
interacting residues were replaced with serine (L20S/F41S).

of METAP1 in vivo. In agreement, the METAP1
mutant lacking the N-terminal zinc-finger do-
main (AN-METAP1) was almost undetect-
able in the ribosomal pellet fraction of worms
(Fig. 2B). Worms expressing mutant AC-NAC(
or AN-METAP1 also showed a strong methio-
nine excision defect in the METAP2 RNAi
background (Fig. 2, C and D). Moreover, the
viability of animals expressing the mutant
NAC or METAP1 variants was severely re-
duced compared with wild-type animals when
METAP2 expression was suppressed (Fig. 2,
E and F). Thus, tethering of METAP1 to trans-
lating ribosomes through the flexible C-terminal
NACB arm is critical for methionine excision
in vivo.

Mechanism of ribosome-nascent chain
engagement by METAP1

The C terminus of NACp and the N terminus
of METAP1 are both flexibly tethered to the
central domains of the proteins (6, 26, 30).
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Fig. 2. NAC recruits METAP1 to ribosomes for methionine cleavage in vivo. (A) Ribosome association of
endogenous METAPL in C. elegans worms expressing the indicated FLAG-tagged NACR variants. Proteins

in the total and ribosomal pellet fractions were detected by immunoblotting. (B) Ribosome association of
FLAG-tagged METAPI variants with indicated mutations in C. elegans. METAP1 levels in the total and
ribosomal pellet fractions were analyzed by immunoblotting. (C and D) Methionine cleavage of a METAP
model substrate (1433y) in worms as in (A) and (B), respectively, after knockdown of METAP2. Uncleaved
substrate (iMet) was detected with an epitope-specific antibody. (E and F) Viability or worms as in (A) and (B),
respectively, after knockdown of METAP2. Graph shows the number of progeny in each mutant strain relative
to worms expressing wild-type NACB or METAPI (set to 100%). Data are shown as means + SD (N = 3).

Therefore, an interaction between these flex-
ible arms only ensures high local concentra-
tion of METAP1 in the vicinity of the ribosomal
tunnel exit. However, because METAP1 did
bind weakly to ribosomes in vitro in the ab-
sence of NAC (fig. S2C), some direct interac-
tions between METAPI1 and the ribosome may
exist. Moreover, the AC-NACp variant still
showed a weak stabilizing effect on METAP1
ribosome binding (Fig. 1D and fig. S5A), sug-
gesting a secondary contact between NAC
and METAPI.

To understand how METAP1 is positioned
on ribosomes to engage its substrates, we puri-
fied ribosome nascent chain complexes (RNCs)

Gamerdinger et al., Science 380, 1238-1243 (2023)

carrying a cytosolic nascent METAP substrate
(GPI; 65 amino acids) and determined its struc-
ture in complex with wild-type NAC and a metal-
binding deficient METAP1 variant with low
catalytic activity (D220N; fig. S6) (32) by single-
particle cryo-electron microscopy (cryo-EM).
The reconstruction showed the ribosome with
a peptidyl-transfer RNA, the GPI nascent chain
within the ribosomal tunnel, and both NAC
and METAP1 bound at the tunnel exit (Fig. 3,
Ato C, and figs. S7to S9). The globular domain
of NAC was found near the exit of the ribo-
somal tunnel as in previous structures (26),
including the N terminus of NACp anchored
between el.22 and eL.19 (Fig. 3B). The catalytic
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domain of METAP1 was found to interact
with both the ribosome and the globular
domain of NAC, orienting the methionine-
binding pocket toward the exit of the ribo-
somal tunnel (Fig. 3C). The distance between
the active site of the enzyme and the exit of
the ribosomal tunnel is consistent with the
cotranslational processing of nascent chains
when they reach a length of ~50 amino acids
(Fig. 3C and fig. S9). The N-terminal zinc-finger
domain of METAP1 and the C-terminal arm
of NACP were not resolved, suggesting high
flexibility even in the ribosome-bound ter-
nary complex (Fig. 3B).

In the cryo-EM reconstruction, the globular
domain of NAC was seen in contact with the
central METAP1 domain in a region where
a ribosome-anchoring domain is found in
METAP2-related proteins (Fig. 4A and fig.
S10). This explains why the globular domain
of NAC displaced METAP2 but not METAP1
from ribosomes (fig. S2D). The interaction
with the NAC globular domain could also ex-
plain why NAC stabilized METAP1 binding
even when it was missing the C-terminal tail,
as in the AC-NACP mutant (fig. S5A). To inves-
tigate this, we performed in vitro binding studies
with AC-NACB together with two METAP1 mu-
tants designed to disrupt the interaction with
the globular domain of NAC: "PWAGY/AAAAA™
and ***WPD/AAA**? (Figs. 3D and 4A). As ex-
pected, these mutants were no longer stabi-
lized on ribosomes in the context of AC-NACB
(Fig. 3E). However, no substantial difference
in binding was detected in the presence of
wild-type NAC, indicating that the C-terminal
contact of NACP with the METAP1 zinc finger
is the key contributor to the binding affinity
(fig. S5B).

The cryo-EM structure also revealed a direct
ribosomal contact of METAPI1 involving the
ribosomal protein ul23 and the ribosomal
RNA (rRNA) helix H59, a known docking site
for several nascent chain-associated factors
(Figs. 3, B and D, and 4, B and C) (9, 14, 33, 34,).
To investigate the importance of these interac-
tions, we mutated METAP1 residues that con-
tact uL23 "VMK/AAA® and "QIK/AAA™?)
and H59 (*%°RS/AA?° + 398HY/AA®*, referred
to as H59mut; fig. S3C). The mutated clusters
of residues are conserved and located in loop
regions of METAP1 (Fig. 4, B and C). In the
absence of NAC, the binding of these mutants
to ribosomes in vitro was strongly reduced
(Fig. 3F). Addition of NAC restored ribosome
binding of the ulL23-binding mutants almost
to wild-type levels, whereas binding of the
H59mut variant was still substantially re-
duced (fig. S5B).

These data suggest that H59 is the most im-
portant ribosome contact of METAP1 and that
perturbing it would negatively affect METAP1
function. Therefore, we introduced this muta-
tion in C. elegans METAPI1 for in vivo analysis.
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Fig. 3. Mechanism of ribosome-nascent chain engagement by METAP1.

(A) Cryo-EM structure of the RNC-NAC-METAP1 complex. 40S and 60S proteins are
colored in yellow and light blue, respectively; rRNA is shown in gray. Dashed box
indicates the magnified region shown in (B). (B) Close-up view of the ribosomal
tunnel exit. NACa: is colored in yellow green, NACB in purple, and METAP1 in
dark green. Dashed lines show where the flexible NACB C-terminal arm and the
METAP1 zinc finger would protrude. (C) Cross section of map visualizing the
METAPI catalytic center. Dashed line indicates a potential path of a nascent
chain 50 amino acids in length. Residues critical for catalytic activity (H203 and
H301) are shown as sticks. (D) Surface representation showing METAP1-ribosome
and METAP1-NAC interfaces (red). Left: interfaces on the ribosome and NAC.
Dashed outline indicates position of METAPL. Right: interfaces on METAPL.
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(E) Ribosome bhinding of METAP1 variants carrying alanine mutations in the
binding interfaces indicated in (D) in the presence of NAC lacking the NACB

C terminus (AC-NACB). (F) Ribosome binding of METAPI variants in vitro in the
absence of NAC at low salt concentration (30 mM KOAc). Residues indicated in (D)
that interact with uL23 or H59 were replaced with alanines. (G) Ribosome binding of
METAP1 in the presence of the indicated NAC variants. KK-EE refers to a charge-
reversal NAC mutant deficient in binding its globular domain to the ribosome.

(H) Methionine cleavage of a METAP model substrate (1433y) in C. elegans
expressing NAC variants as in (G) after knockdown of METAP2. Uncleaved substrate
(iMet) was detected by an epitope-specific antibody. (I) Ribosome binding of
METAP1 to NAC-bound RNCs translating either a cytosolic (GPI) or an ER (HSPA5)
substrate. SRP54 was used as a marker for the ER signal sequence.

Consistent with the in vitro results, disruption
of the H59 contact resulted in decreased ribo-
some binding of METAP1 in vivo (Fig. 2B).
Moreover, similar to AN-METAPI-expressing
worms, methionine cleavage of a model sub-
strate was strongly reduced (Fig. 2D). Additional
depletion of METAP2 in animals expressing
the H59 mutant also strongly impaired viabil-
ity of worms (Fig. 2F). These data suggest that
the ribosomal contact of METAP1 to H59 is
crucial for methionine excision by ensuring

Gamerdinger et al., Science 380, 1238-1243 (2023)

the proper positioning of the enzymatic active
site in front of the tunnel exit to capture the N
terminus of a nascent chain (Fig. 3C).

ER signal sequences prevent docking of
METAP1 to NAC-bound ribosomes

Our data show that the function of METAP1
depends on the formation of a ternary complex
with NAC at the exit of the ribosomal tunnel.
In the complex, NAC is positioned on the ribo-
some with its globular domain bound in the

23 June 2023

vicinity of the ribosomal tunnel exit (Fig. 3, A
to D). In this conformation, NAC prevents the
binding of the ER-targeting factor SRP (26).
However, a nascent chain with an N-terminal
ER-targeting signal sequence destabilizes the
globular domain of NAC to enable SRP bind-
ing (26). Therefore, considering that the con-
formation of NAC will depend on the nature
of the synthesized nascent chains, NAC will
allow functional docking of METAP1 only for
sequences that are lacking an ER-targeting
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Fig. 4. METAP1 interactions with the ribosome and the NAC globular
domain. (A) Close-up view of the binding region between METAPL and the
NAC globular domain. METAP1 residues shown as spheres were mutated to
alanines in the analysis shown in Fig. 3E. Sequence alignment below shows their
conservation. The indicated NAC residues K78 and K43 in the ribosome-binding
helices were mutated to glutamic acid in the KK-EE NAC variant shown in

signal when the NAC globular domain is tightly
bound at the exit of the ribosomal tunnel.

To investigate whether ribosome binding of
the NAC globular domain is critical for METAP1
function, we used a previously established NAC
variant with two charge reversal mutations in
the positively charged helices that attach the
globular domain to the tunnel exit: NACo K78E
and NACB K43E, referred to here as KK-EE NAC
(Fig. 4A) (26). This NAC variant still binds to
ribosomes through the high-affinity N-terminal
NACB anchor, whereas binding of the globular
domain is weakened (26). We found that re-
cruitment of METAP1 to ribosomes by KK-EE
NAC was strongly reduced in vitro (Fig. 3G),
and worms expressing this variant showed a
marked methionine excision defect in vivo
(Fig. 3H). Thus, methionine cleavage by METAP1
requires that the globular domain of NAC is
bound to the tunnel exit of the ribosome. This
suggests that ER-targeting signals that de-
stabilize the globular domain of NAC also de-
stabilize METAPI binding. To investigate this,
we used RNCs carrying a nascent chain (65
amino acids) of the ER substrate HSPA5, which
contains an N-terminal signal sequence (26).
Binding of METAP1 to NAC-bound HSPA5-
RNCs was strongly reduced compared with
RNCs translating a cytosolic protein (GPI; 65
amino acids) (Fig. 3I), suggesting that ER sig-
nal peptides prevent a functional docking of
METAPI1 to the ribosome exit site. Consistent
with this, fusion of an ER signal peptide to a
cytosolic nascent substrate effectively prevents
methionine excision in a cell-free in vitro trans-
lation system (fig. S5C). These data are con-
sistent with the idea that ER-targeting signals
disrupt the METAP1-binding platform at the

Gamerdinger et al., Science 380, 1238-1243 (2023)

D. melano. .
C. elegans RV

tunnel exit by destabilizing the NAC globular
domain. Therefore, the conformational change
in NAC triggered by ER-targeting signals re-
stricts METAPI binding and at the same time
promotes SRP binding, whereas the effect is
exactly the opposite when no ER signal se-
quence is present. These observations show
that although METAP1 cannot distinguish
between ER and cytosolic nascent substrates
on its own, the high specificity for cytosolic
nascent chains is cotranslationally mediated
by NAC.

Discussion

On the basis of our findings, we propose a mech-
anistic model for how eukaryotic METAP1 can
specifically engage nascent substrates for me-
thionine excision (Fig. 5). As observed here and
in a previous study (26), the highly abundant
NAC binds to virtually all translating ribosomes
in the cytosol through its NACB anchor do-
main. The NAC globular domain is positioned
next to the tunnel exit, where it can sense the
sequence of the nascent chain emerging from
the ribosomal tunnel. In the presence of an ER-
targeting signal, the globular domain of NAC
dissociates and allows SRP binding, whereas
in the absence of an ER-targeting signal, the
globular domain remains bound. METAP1 is
likely directed to the ribosome-NAC complex
through high-affinity interactions between the
long, flexible C-terminal arm of NACB and
the N-terminal zinc-finger domain of METAP1.
Our data show that formation of the produc-
tive complex, in which the catalytic pocket of
METAPI1 is optimally oriented toward the exit
of the ribosomal tunnel to cleave methionine,
requires simultaneous docking of METAP1

23 June 2023

H. sapiens

X. laevis §
D. melano.
C. elegans

Fig. 3, G and H. (B) Close-up view of the uL23-METAP1 interface. The residues
shown as spheres that contact a short helix of uL23 were mutated to alanines in
Fig. 3F. Conservation of residues is shown below. (C) Close-up view of the
METAP1 interaction with rRNA helix H59. METAP1 residues shown as red spheres
were mutated to alanines (H59mut) in the analyses shown in Figs. 2 and 3F.
Sequence alignment below shows their conservation.

and the NAC globular domain to the ribosome.
This mechanism explains why the N termini
of ER-targeting presequences, of which nearly
50% would be susceptible to methionine exci-
sion in humans (fig. S1), are not modified in
vivo (17), because they disrupt the composite
binding platform for METAP1 on the ribosome
by detaching the NAC globular domain. There-
fore, signal sequences that destabilize NAC
will simultaneously prevent METAP1 binding
while allowing SRP to access the nascent chain
at the ribosomal tunnel exit. SRP recruitment
then occurs through the UBA domain at the
end of the long, flexible C-terminal arm of NACao
to initiate ER protein targeting (26). This mech-
anism is likely to be broadly conserved in eu-
karyotes, with possible additional roles of rRNA
expansion segments in yeast, where NAC is
not essential (10, 35-37).

These findings show that NAC functions as
a molecular control hub at the ribosomal exit
site, ensuring efficient and specific binding of
METAPI and SRP to their respective nascent
polypeptides emerging from the ribosomal
tunnel. With its two flexible C-terminal tails,
NAC ensures that the nascent chain-interacting
factors are present in the vicinity of the ribo-
somal tunnel, whereas its globular domain con-
trols the handover of the nascent polypeptide
to the designated factor in a sequence-specific
manner. This mechanism improves the spec-
ificity of N-terminal methionine excision and
the fidelity of ER protein transport, both es-
sential cellular processes. Our study further
demonstrates that methionine excision in eu-
karyotes includes METAP2 as a redundant
backup system that acts independently of NAC.
How METAP2 gains regulated access to the
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Fig. 5. Model of selective factor recruitment by NAC. NAC binds all ribosomes through the N-terminal
NACB anchor domain. On cytosolic RNCs, the NAC globular domain is attached to the ribosomal tunnel exit
and forms a binding platform for METAP1 while blocking SRP binding. The local concentration of METAP1
near the exit of the ribosomal tunnel is increased through tight but flexible binding between a hydrophobic motif
in the C-terminal arm of NACB and the zinc-finger domain of METAPI (left). An emerging ER signal sequence
disrupts the METAP1-binding platform by detaching the NAC globular domain from the exit site. This also
releases the SRP-binding site at the tunnel exit, leading to specific recruitment of SRP through the C-terminal
arm of NACa and its UBA domain (right).
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Editor’'s summary

All proteins are initially synthesized with methionine as their first amino acid. Membrane proteins and proteins
translocated across the endoplasmic reticulum retain this methionine, but most cytosolic proteins have it removed
by methionine aminopeptidase 1. The mechanism through which METAP1 discerns its target proteins has remained
elusive. Gamerdinger et al. revealed the crucial role of the nascent polypeptide—associated complex (NAC) in this
process. NAC binds to the ribosome to guide the aminopeptidase to the correct proteins, ensuring the removal of
methionine residues from cytosolic proteins while sparing those targeted to the endoplasmic reticulum. —Stella M.
Hurtley
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