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Abstract

A key step in translational initiation is the recruitment of the 43S preinitiation complex by the cap-
binding complex [eukaryotic initiation factor 4F (elF4F)] at the 5" end of messenger RNA
(mRNA) to form the 48S initiation complex (i.e., the 48S). The 48S then scans along the mRNA to
locate a start codon. To understand the mechanisms involved, we used cryo—electron microscopy
to determine the structure of a reconstituted human 48S. The structure reveals insights into early
events of translation initiation complex assembly, as well as how elF4F interacts with subunits of
elF3 near the mRNA exit channel in the 43S. The location of elF4F is consistent with a slotting
model of mMRNA recruitment and suggests that downstream mRNA is unwound at least in part by
being “pulled” through the 40S subunit during scanning.

The recruitment of the 43S preinitiation complex (43S PIC) to the 5" end of MRNA is a
critical step during translation initiation. Eukaryotic initiation factors elF1, elF1A, elF3, and
elF5 and the ternary complex (TC) of elF2—guanosine 5’-triphosphate (GTP)-methionine
initiator transfer RNA (tRNAiMet) bind to the 40S ribosomal subunit to form the 43S PIC.
Once assembled, the 43S PIC is recruited to the cap-binding complex elF4F at the 5" end of
mRNA to form a 48S initiation complex (i.e., the 48S). elF4F consists of a scaffold protein
elF4G, a 7-methylguanosine (m’G) cap-binding protein elF4E, and a DEAD-box helicase
elF4A. This complex enhances 43S PIC binding and scanning along the mRNA until the
start codon is recognized (1-3). In mammals, the recruitment of 43S PIC to mRNA requires
interactions between elF3 and the elF4G subunit of elF4F (4-6).

Mammalian elF3 is a 13-subunit complex (elF3a to -m) that coordinates several aspects of
translation. It stabilizes the binding of the TC on the 40S and interacts with elF1, elF1A, and
elF5, which are involved in fidelity of start-site recognition (7, 8). It also prevents pre-
mature association of the ribosomal subunits (9) and regulates recruitment of the 43S PIC to
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mRNA by interacting directly with elFAF (4-6). Although structures of mammalian elF3
have been determined at low resolution (~6 A) (10), it is not clear how it coordinates these
vital functions during translation. Additionally, a fundamental question remains: How does
elF4F and its adenosine triphosphatase (ATPase) cycle promote mRNA recruitment and
scanning along MRNAZ? In particular, how is the activity of elF4F coordinated with elF3 in
the 48S?

In this work, we use single-particle cryo—electron microscopy (cryo-EM) to determine the
structure of a reconstituted human 48S. Our work provides a detailed structure of elFs and
structural insights into how elF4F interacts with elF3 as part of the 48S.

In vitro reconstitution of the human 48S and its overall structure

To characterize our purified reconstituted system, we established that mMRNA recruitment
and scanning follow an elF4F-dependent pathway. To this end, start-site selection on an m’G
capped mRNA was monitored by using the RelE toxin to cleave mMRNA in the A site of the
40S subunit when a codon-anticodon interaction forms between tRNAMet and the AUG
codon in the P site (11) (Fig. 1, A and B, and fig. SLA). The first AUG codon is
preferentially selected in our system, consistent with the scanning model of initiation. We
observe efficient start-site selection in the presence of ATP and ATP-g-S. By contrast,
adenylyl-imidodiphosphate (AMP-PNP) appreciably reduces start-site selection, which is
consistent with our previous work (12). The kinetics of start-site selection is strongly
enhanced by elF4F, indicating that mMRNA recruitment and scanning preferentially follow an
elF4F-dependent pathway. To gain insights into the mechanism of MRNA recruitment and
scanning, we used single-particle cryo-EM to determine the structure of a 48S complex
assembled (with ATP-g-S) on a very similar mRNA but without a start site (Fig. 1A and figs.
S2 and S3). An mRNA without a start site was used to capture the 48S at a pathway
intermediate after mMRNA recruitment but before start-site selection. Because ATP-g-S
behaves similarly to ATP in the reconstituted system, we reasoned that this intermediate
most likely resembles a scanning intermediate.

Although cross-linking with BS3 (materials and methods) did not change the overall
structure we obtained (fig. S4), it increased the number of particles containing elFs and
thereby improved resolution. For the analysis of several regions that appeared highly
dynamic, we used multibody and focused refinement (fig. S5). The overall resolution of 3.1
A (figs. S2 and S3) allowed us to identify and place in the maps the previously known
structures of the 40S, elF1, elF1A, elF2 (a, b, and g), tRNAiMet, and the octameric
structural core of elF3 as well as its peripheral subunits (b, d, g, i, j) (Fig. 1, C to E; fig. S6;
and table S1). These placements were used to segment the maps for detailed model building.
Further masked classification on additional unaccounted density yielded a map (fig. S2 and
S3) that, despite having a slightly reduced overall resolution of 3.4 A, improved this
additional density. On the basis of our structural and biochemical analysis (fig. S1, B and C)
as well as prior data (4-6, 13), we identified this density to be elF4F (elF4G, elF4A, and
possibly elF4E) (Fig. 1, C to E, and fig. S6).
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The structure reveals a conformation of the TC that does not involve codon-anticodon base
pairing (fig. S7), which is likely to reflect the 48S complex in the process of scanning. The
tRNA Met is in a previously unseen orientation, which is intermediate between the
previously identified PIN (in which the tRNA is stably base-paired with the start codon in
the P site) and POUT (in which the tRNA is not fully inserted into the P site) states (14)
(Fig. 1F). Furthermore, the 40S in this complex has an unusual conformation (Fig. 1, G and
H). A downward movement of the 40S head when transitioning from the pre- to
postscanning state has been described (14, 15), but we observe an additional swivel
movement of the head (Fig. 1H). In bacterial initiation, a head swivel changes the position of
the tRNAfMet from the P site to between the P and E sites (16). Although the movement is
similar, in this case the tRNAiMet remains in the P site. The much looser interaction of the
tRNAiMet with mRNA (fig. S7), along with the absence of a start codon in the mRNA,
suggests that the structure represents the conformation of the 48S during or just before
scanning.

A near-atomic resolution structure of the human elF3 in the context of 48S

The details of the organization of the 48S and its intramolecular interactions were poorly
understood in the absence of a high-resolution structure of the complex. The 43S part of our
48S structure has a resolution of ~3 A and includes all 13 subunits of elF3 (Fig. 1 and fig.
S8, A to C), most of which could be modeled in atomic detail. As a result, we can under-
stand how evolutionarily conserved residues of elF3 are important for interactions with 18S
ribosomal RNA (rRNA) and ribosomal proteins (r-proteins) and rationalize previous
biochemical data (17, 18). The subunits elF3a and elF3c are universally conserved across
eukaryotes. They interact with the 40S as well as mMRNA through their RNA binding motifs
(Fig. 2, Ato D, and table S2) (18). The RNA binding motif of elF3a (conserved in
metazoans) interacts with mRNA near the exit site (Fig. 2A), whereas the RNA binding
motif of elF3c (conserved in eukaryotes) interacts with rRNA on the back of 40S (Fig. 2D
and table S2). Additionally, the highly conserved residue Lys83 in elF3a interacts with rRNA
expansion segment 7 (ES75) near the exit site (Fig. 2B and table S2). The structure also
reveals the basis of the interaction of elF3a and elF3c with r-proteins (Fig. 2B and table S2).
Although the sequence register of our structure differs from that of a previous low-resolution
structure of rabbit elF3 (10), it agrees with the crystal structure of yeast elF3a and elF3c
(fig. S8, D to H) (19). Furthermore, the amino acid sequence of the region of elF3a that
interacts with r-protein eS1 (table S2) is highly conserved in mammals (fig. S8F). Thus, it is
likely that there is also structural conservation between human and rabbit elF3a.
Consistently, some interactions observed between human elF3a and r-protein eS1 (table S2)
have also been partially described in a recent structure of rabbit elF3 (20).

Additionally, elF3d interacts with both 40S and the octameric structural core of elF3 (Fig. 2,
E and F; table S2; and fig S8). The N-terminal tail of elF3d (elF3d-NTT), hitherto unseen,
interacts with the PCI domain of elF3e (Fig. 2E), consistent with previous biochemical data
(22).

The structure shows that elF3d interacts with the elF3 octameric structural core, as well as
potentially with elF4F. The subunit binds to a region of elF3e that is also involved in binding
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to elFAF, which agrees with predicted interaction between elF3d and elF4G (4). elF3d also
interacts with elF3c and probably elF3a (Fig. 2E and fig. S8B). The elF3d-NTT loop
(residues 33 to 59), which binds to the PCI domain of elF3c, contains highly conserved
residues such as Trp*®, which interacts with GIn®6 in elF3c (Fig. 2F and table S2).

elF1 binds to a mammalian-specific insertion in the elF3c N-terminal

domain

elF3 coordinates start-site selection by interacting with the fidelity factors elF1 and elF5 (7,
8) and prevents premature association between ribosomal subunits (9). The N-terminal
domain of elF3c (elF3c-NTD) extends toward the decoding center of the ribosome, where it
interacts with elF1 (fig. S9).

Our structure and accompanying bio-chemistry (fig. S9) unexpectedly reveal that a
conserved mammalian-specific insertion in elF3c (fig. S9) is involved in the interaction with
elF1. In yeast, the interaction between elF3c-NTD and elF1 occurs through the very N-
terminal tail of elF3c (residues 1 to 63) (7), whereas our structures and biochemical data
reveal that this interaction occurs through the C-terminal end of elF3¢c-NTD (residues 166 to
287) (fig. S9).

The resolution and completeness of the structure allowed us to build and assign to elF3c-
NTD a cluster of four helices located in a pocket formed by rRNA helices h11, h27, and h44
and ribosomal protein uS15 (fig. S9). The main interaction with 40S occurs through the
conserved and charged residues located in helix 4 (fig. S9 and table S2). Because this
domain would clash sterically with parts of rRNA from the large subunit involved in the
formation of intersubunit bridges B4 and eB11 (fig. S10), it should contribute to the anti-
association activity of elF3 (9). The same density, but at low resolution, has also been
observed in yeast, in which it was also tentatively assigned to elF3c-NTD (7, 14). Thus, the
structural basis for the anti-association activity of elF3c-NTD appears to be evolutionarily
conserved among eukaryotes.

elF3g binds at the mRNA entry site

elF3g contains an RNA-recognition motif (elF3g-RRM) that is thought to enhance scanning
efficiency (22). In a previous low-resolution study, a density corresponding to RRM motifs
was observed at the mRNA entry site and assigned to elF4B (23). However, this density was
still present in a 48S complex we assembled without elF4B (fig. S11). We have now
assigned this density to elF3g-RRM, although we cannot rule out that elF4B can also bind to
this region during the initiation pathway. In our structure, elF3g-RRM interacts with rRNA
h16 and ribosomal proteins uS3 and eS10 (Fig. 3, A and B, and table S2). Considering that it
binds at the mRNA entry channel and its possible interaction with backbone of the mMRNA,
elF3g-RRM could facilitate the recruitment of the 43S PIC to mRNA, thereby enhancing
translational efficiency (22).

The elF3bgi subcomplex was previously suggested to bind the 40S subunit through an
interaction between the elF3 b-propeller domain and uS4 ribosomal protein (19). A better
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local resolution in our structure (figs. S5 and S12), together with the identification of the
elF3g-RRM, improves our understanding about the residues in the elF3bgi sub-complex that
interact with the 40S subunit (table S2).

A dual role for elF3j in start-site selection and recycling

elF3j binds near the decoding center of the ribosome as predicted (24, 25), where it could
coordinate start-site selection. The elF3j-NTD and helix 5 interact with 40S body through
ribosomal proteins eS30, uS12, and 18S rRNA. Additionally, elF3j is close enough to
interact with elF1A (Fig. 3C and fig. S13). The C-terminal domain of elF3j bridges the head
with the body of 40S by interacting with the rRNA h34 in the mRNA entry latch (a
constriction in the mRNA entry channel). This interaction may have a regulatory role by pre-
venting the movement of the head of 40S and limiting the closed conformation of the
ribosome (12). Furthermore, it might be associated with the known role of elF3j in
preventing leaky scanning (26).

Human elF3j interacts with 40S in the same location where the mammalian translational
auxiliary factor DHX29 has been observed to bind (fig. S14) (10). Thus, the recruitment of
DHX29 during the translation of select mMRNAs may trigger the release of elF3j and
overcome its possible regulatory role. This interpretation agrees with the unwinding
independent role of DHX29 during scanning (27).

The structure also suggests how elF3j bridges recycling with a new round of translation. The
elF3j-NTT extends toward the conserved GTPase binding region of the ribosome (Fig. 3, D
to F), where ABCEL1 binds. ABCEL1 is an ATPase that is involved in recycling of eukaryotic
ribosomes after termination. Although ATP hydrolysis is not required for ribosome splitting,
it is required for subsequent release of ABCE1 (28). The structure of ABCEL1 is different in
the 80S ribosome (presplitting), compared with the one bound just to the 40S subunit (post
splitting). Superimposing our structure with structures of ABCEL1 in the post-splitting
complex (29) places the elF3j-NTT in a position where it could interact with the nucleotide-
binding domain of ABCE1 (Fig. 3, E and F). This model would be consistent with previous
studies showing that the elF3j-NTD facilitates ribosome recycling by ABCEL1 (30). The
structure suggests that the rotation of the iron-sulfur cluster domain of ABCEL that occurs
after splitting (20, 29) would prevent a steric clash with elF3j (fig. S14). Thus, elF3;j is likely
to be recruited after subunit splitting to prepare the resulting 40S subunit for a new round of
initiation. This interpretation agrees with previous data showing co-purification of ABCE1
with components of the 43S PIC, including elF3j (29). After the release of ABCE1, elF3
would prevent premature association of 60S.

Location of elF4F adjacent to elF3e, -k, and -l near the mRNA exit channel
of the 40S subunit

Adjacent to elF3e, -k, and -I, we see a region that has low local resolution due to flexibility
(fig. S15A) that we attribute to elF4F. Biochemical and genetics studies have indicated that
the recruitment of 43S to an MRNA bound to the cap-binding complex and the subsequent

scanning process are greatly enhanced by interactions between the middle domain of elF4G
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and elF3 (4-6). Rigid-body fitting of a crystal structure of a partial elF4G-elF4A complex
from yeast (31) shows close agreement with the density (fig. S15), thus identifying the
position of elF4F in the 48S, consistent with previous biochemical data (4, 5, 32). It is likely
that other domains of elF4G, not visible in this work because of possible flexibility, could
also make interactions with nearby subunits such as the elF3d-NTT and elF3e, which has
been previously suggested by biochemical cross-linking (4).

elF4A binds to elF3k and -l and elF3e near the ES6° (Fig. 4, A and C), which agrees with
recent cross-linking and immuno-EM data (13). To further validate the interaction between
elF4A and elF3, we determined the binding affinity between these factors by fluorescence
anisotropy. Consistent with our structure, elF4A alone binds to elF3, and its affinity is
increased in the presence of elFAG (Fig. 4D and table S3). We also used cross-linking mass
spectrometry (XL-MS) to identify interactions between elF4F and elF3 in the absence of the
48S (fig. S15). These data are consistent with the interactions observed in our structure.

Our map contains unassigned density adjacent to the elF4G-elF4A density, in close contact
with elF3k and -I (fig. S17). Although we cannot unambiguously assign it because of the
low local resolution, the size and shape of the density are consistent with that of elF4E. This
location of elF4E agrees well with our XL-MS data, which show that elF4E interacts with
elF3k and -l (fig. S17), as well as previous proximity-labeling (BiolD) data, indicating that
elF4E and elF3l are in close proximity in live cells (33).

In our structure, elF4F interacts with the 43S PIC entirely through subunits of elF3 that are
not present in yeast (elF3e, -k, and -1). The interaction we observe between elF4A and elF3k
and -1 is particularly surprising given that these individual elF3 subunits are dispensable in
Neurospora crassaand Caenorhabditis elegans (34, 35). In addition to a likely interaction
between elF3e and elF4G, our structure together with biochemical and genetic evidence
indicates that substantial redundancy is likely to exist between these interactions. It will,
therefore, be important to test this possibility in the future by using double elF3 subunit
knockouts in different organisms. The structure suggests that the interactions that elF4F
makes with other components of the 48S are likely to differ greatly between species, the
molecular basis of which will be important to solve with future structures.

The cap-binding complex is positioned at the 5" end of mMRNA relative to the 40S subunit
(Fig. 4). Translation complex profile sequencing data indicated that the scanning 48S has 5’-
extended footprints upstream but not downstream of the 40S (36, 37), which is consistent
with the position of elF4F in our structure. Nevertheless, we cannot rule out that other
conformations of elF4A may exist during its ATPase cycle and movement along mRNA.

A blind spot in the mRNA

In our structure, the location of elF4F upstream (to the 5" end) of the 43S complex is most
consistent with mRNA being recruited to the 40S subunit by a slotting mechanism. Direct
slotting of MRNA would also be compatible with translation of circular mRNAs (38) as well
as initiation on mRNAs containing an internal ribosome entry site. Even during canonical
initiation, mMRNA is thought to be circularized by the polyadenylate [poly(A)]- binding
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protein (PABP) interacting with the poly(A) tail at the 3" end and elF4F (through elF4G) at
the 5" end (39), thus favoring a slotting model for mRNA loading into the 40S. Such slotting
would require rearrangements in some elements of elF3 to make the mRNA channel
accessible initially; however, elF3 is known to be dynamic, with various parts of its structure
becoming ordered in different states, and in other contexts, the small subunit is known to
close upon mRNA binding (14).

A slotting model of mRNA recruitment would result in a “blind spot” that would preclude
recognition of start sites upstream of the location of the P site at the point of recruitment,
which would be at least 30 nucleotides from the 5" end on the basis of our structure (Fig.
4E). We tested for a blind spot in our RelE assay using a series of mRNAs that have a fixed
start site at 50 nucleotides from the m’G cap, which would be downstream of the blind spot,
and an additional start site located either upstream (10, 19, 30, and 40 nucleotides) or
downstream (60 nucleotides). Our data show that in either case, efficient initiation primarily
occurs on the first start site that is encountered beyond the blind spot, namely at 50
nucleotides from the m’G cap (Fig. 5). We do observe some initiation at a distance of 40
nucleotides from the m’G cap but very little or none at distances of 30, 19, or 10
nucleotides. This blind spot is consistent with the fact that leaky scanning is observed on
mRNAs that contain 5" untranslated regions (5'UTRs) of less than 32 nucleotides (40). We
thus propose that a blind spot of between 30 and 40 nucleotides exists on human mRNAs,
which would be compatible with the typical 5"UTR of mRNA in humans, whose median
length is 218 nucleotides (41).

A model for recruitment and scanning

The structural and biochemical data suggest a model in which mRNA is slotted into the 40S
just downstream of elF4F during recruitment (Fig. 6). The location of elF4A upstream of the
40S subunit (Fig. 4) suggests that the mRNA is likely to be pulled through the channel in the
40S subunit during scanning. The model is economic in terms of rearrangements: Once the
43S PIC is recruited to the cap-binding complex, the entire 48S initiation complex
essentially stays intact while the mRNA is pulled through the 40S subunit, until the start
codon reaches the P site of the ribosome and triggers subsequent steps in initiation.

The hydrolysis of ATP by elF4A is required for efficient scanning (Fig. 1A), but precisely
how ATP hydrolysis promotes scanning is not clear. It is possible that elF4F could work as a
Brownian ratchet (42) in which the 40S subunit would slide along the mRNA in a stochastic
manner, but elF4AF would move unidirectionally along the mRNA to keep up with the 40S in
an ATP-dependent manner and act as a pawl or backstop to prevent reverse movement of the
40S subunit. In this model, the ATP would ensure unidirectionality of scanning, but the
energy to melt secondary structure would come just from thermal fluctuations and the 40S
interaction, consistent with the finding that elF4F alone is not processive (43, 44). Ribosome
proteins uS3, uS4, and uS5 located in the entry channel of the small ribosomal subunit help
to unwind mRNA secondary structure during translocation (45). It is, therefore, possible that
elF4A may be exploiting an intrinsic property of the 40S subunit in a similar way during
scanning. This model leaves the mMRNA entry site free to bind factors known to facilitate
translation of mMRNAs with extended secondary structure, such as DHX29, which has been

Science. Author manuscript; available in PMC 2021 March 04.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Querido et al.

Outlook

Page 8

observed at the entry site (10). Because there is a second elF4A binding site on elF4G, and
moreover, elF4A is present in excess over other components of elF4F and is known to have
additional roles in melting RNA secondary structure (46), it is possible that one or more
additional elF4A molecules could also play a role downstream of the 48S to facilitate
translation. Therefore, pulling of the mRNA through the 40S may be only one part of a
complex mechanism of unwinding of mMRNA secondary structure and scanning. The role of
elF4B also remains unclear and may be part of this process.

elF4E stimulates the helicase activity of elF4A (47) and thus likely remains bound to the
rest of elFAF throughout the process (37). From our structure, it is not clear whether the 5
end of mMRNA is released from elFAE and progressively moves farther away from the 48S
PIC during scanning (Fig. 6D). Although the dissociation rate of isolated elF4E from the
m’G cap is quite high (48), its interaction with the rest of elF4F could enable efficient and
rapid rebinding of elF4E to the 5" cap (fig. S1, B and C) (49). This would require the
5'UTR mRNA to loop out as it is pulled through the 40S subunit during scanning (Fig. 6E),
a possibility also previously suggested (3). Recent evidence to support this model has been
provided by 40S selective ribosome footprinting, which indicates that the scanning 48S
complex remains tethered to the m’G cap throughout the scanning process in human cells
(37).

Some rare mMRNASs with unusually short 5"UTRs would place the recruited 43S PIC beyond
the initiation codon (6). We propose that these types of mRNAs would likely exploit an
alternative recruitment pathway, perhaps occurring in the absence of elF1 (6). Such mRNAs
could possibly require a different role of elF4F or even be independent of it. Previous work
showing elF4F-dependent translation of mMRNAs with very short 5"UTRs propose that elF4F
binds at the entry rather than exit site, followed by dissociation of elF4E from the cap and
threading of mMRNA into the 40S subunit through its decoding site (6). For such a model to
be compatible with our structure, the elF4F complex would need to relocate to the opposite
side of the 40S at some stage, which we consider unlikely. To resolve these discrepancies, it
will be important to determine structures of 48S complexes with other mRNAs, including
those with a short 5"UTR.

This work reveals the structure of an essentially complete 43S PIC (in the context of 48S
PIC) at high resolution as well as its interactions with the cap-binding complex at the 5" end
of mMRNA (movie S1). The structure sheds light on several important but hitherto unresolved
aspects of initiation, including the mechanism of mMRNA recruitment to the 43S PIC and how
the position of elF4F at the mRNA exit channel likely facilitates the process of scanning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Structure and functional characterization of human 48S complex.
(A) RelE cleavage shows that the efficiency of start-site selection depends on elF4F (lanes 1

and 4) as well as on ATP hydrolysis (lines 1 and 3). The slowly hydrolysable ATP analog
ATPyS (lane 2) has almost the same efficiency of start-site selection when compared with
ATP. For the gel, RelE cleavage assay was performed 20 min after the formation of the 48S
complex. The degradation band is present in the mRNA prep even in the absence of RelE
cleavage (fig. S1A). FL, fluorescent labeled; nt, nucleotide. (B) Kinetic analysis in the
presence of elF4F with ATP or ATPgS, and with ATP absence of elF4F, shows an elF4F and
ATP-dependent mechanism of scanning under our experimental conditions, and that ATP-yS
is almost as good as ATP. Error bars indicate SEM. (C to E) Overall structure of 48S shown
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in different orientations. elFs are shown in cartoon. tRNAiMet and 40S are represented as
magenta and gray spheres. Sugar phosphate backbone of the mMRNA is shown as a blue
surface. CTD, C-terminal domain. (F) Superposition of the tRNA; Met with the structure of
tRNA; Mt in the context of 48S in open (Poyut) and closed conformation (PIN) (14) shows
an intermediate conformation of the anticodon stem loop. (G and H) Superposition of 18S
rRNA with the structure of 48S in the open and closed conformations (14) to highlight the
changes in their conformation and the swivel movement of the head during scanning.
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Fig. 2. Interactions of el F3 with mRNA and 40S.
(A) Close-up of the mRNA exit site highlighting the interaction of elF3a (pink) with mRNA

(blue sugar-phosphate backbone). K, Lys. (B) elF3a interacts with ribosomal protein eS1
(yellow) near the exit site. Red dashed lines represent protein-protein or protein-RNA
interactions. elF3a R14-a and K23 interact with eS1 E78 and S192. Furthermore, elF3a K63
interacts with rRNA ES7S C1116. C, Cys; E, Glu; K, Lys; R, Arg; S, Ser. (C) Close-up of
R14 in elF3a to highlight in two alternative rotamer conformations (R14-a and R14-b) and
the interaction of R14-b with D77 of r-protein eS1. D, Asp; Q, GIn. (D) Close-up of the
interaction of elF3c with 18S rRNA on the back of the 40S. G, Gly. (E) elF3d-NTT (orchid)
fitted into the cryo-EM map to highlight the close interactions with PCI domains of elF3c
(cyan surface) and elF3e (green surface). V, Val. (F) Close-up of the PCI domain of elF3c to
highlight some described interactions with elF3d-NTT. A, Ala; W, Trp.
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Fig. 3. Interactions of peripheral subunits of el F3.
(A) elF3g-RNA binding motif viewed from solvent side to highlight its interaction with

rRNA in helix 16 and ribosomal proteins uS3 and eS10. (B) Binding interface between
elF3g and the ribosomal protein uS3 at the mRNA entry channel. H, His; I, lle; L, Leu; Y,
Tyr. (C) elF3j binds to ribosomal proteins eS30 and uS12 near the A site. The C-terminal tail
of elF3j (elF3j-CTT) interacts with ribosomal rRNA in helix 34. elF3j-NTT is positioned
next to the GTPase binding region of the 40S. (D) Superposition of elF3j with the structure
of ABCE1 (PDB: 5LL6) bound to the 40S subunit (post splitting) (29). (E and F) elF3j-NTT
extends toward the GTPase binding region of the 40S, where the nucleotide binding domain
1 (NBD1) of ABCEL1 binds.
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elF4A-NTD elF4G elF3a-CTD elF3b

Fig. 4. Interactions between el F4F and el F3 octameric structural core.
(A and B) Rigid-body fitting (correlation = 0.92) of human homology model of elF4A/

elFAG-HEAT1 into a cryo-EM map filtered to local resolution (6 to 11 A). (C) elF4A binds
to a pocket formed by elF3l and elF3e. (D) Saturation binding curves showing the fraction
of elF4A bound to elF3 in the presence or absence of elF4G. Error bars indicate SEM. (E)
Surface representation of the mRNA (sugar-phosphate backbone) to highlight the path in the
48S. Blue dots represent a tentative path for the mRNA from the exit site (position —14 from
the P site) toward elF4AA-NTD. The tentative path is based on weak unassigned density (fig.

S16).
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Fig. 5. Blind spot for start-site recognition.
RelE cleavage assay (materials and methods) shows a blind spot for start-site selection for

mRNAs with a start codon less than 30 to 40 nucleotides from the 5" end. All five mMRNAs
tested have an AUG at position 50 just beyond the blind spot and a second AUG at positions
downstream (60 nucleotides) or upstream (40, 30, 19, and 10 nucleotides) of it. The main
site of cleavage is at AUG 50 in all cases, showing that initiation occurs primarily at the first
start codon downstream of the blind spot, and there is little or no cleavage at start codons for
10 to 40 nucleotides.
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Fig. 6. Model for mMRNA scanning during canonical translational initiation suggested by the
structure.

The elF4F at the m’G cap at the 5" end of MRNA (A) recruits the 43S complex of the 40S
subunit with initiation factors and initiator tRNA; Met (B) to form the 48S complex (C).
elF4F binds to the elF3 structural core, which places elF4E 30 to 40 nucleotides upstream of
the P site of the 40S ribosomal subunit. During scanning, the mRNA is pulled through the
40S subunit [indicated by arrow in (C)], until the start codon is reached (D and E). In two
alternative scenarios, elF4F could dissociate from the cap during scanning (D), or it could
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stay bound resulting in the mRNA forming a loop (E). Although not part of the structure in
this work, the mRNA is shown with a poly(A) tail and a PABP interacting with elF4F to
reflect the situation in vivo (39).
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