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Materials and Methods

Purification of human elFs

Human initiation factors, ribosomes, capped mRNA, and tRNA;Met for structural analysis were
prepared as described previously (12, 47, 50). The elF3c fragment (residues 1-165, 166-287, or 1-
287) with N-terminal His- and MBP-tags and a TEV protease site was expressed in BL21 (DE3)
cells at 30 °C for 4 hours. The protein was purified with nickel-nitrilo-triacetic acid agarose (Ni-
NTA) resin (QIAgen), and subsequently passed over a Mono Q (5/5) column (GE Healthcare) and
eluted using a 50-500 mM KCI gradient.

The C-terminal fluorescent-labelled eI[F4A was prepared in a similar way as the C-terminal
labelled elF1 described previously (1), but using expressed protein ligation instead of amine-
aldehyde coupling. Briefly, el[F4A was expressed in BL21 (DE3) as a C-terminal fusion with the
C-His6-tagged Mxe GyrA intein. To increase the intein cleavage and labelling efficiency, the
construct had a single phenylalanine residue inserted between the C-terminus of el[F4A and the
intein. The protein was purified using Ni-NTA resin, and then cleaved by incubating with 0.5 M
sodium 2-mercaptoethanesulfonate (MESNA) overnight at 4 °C, yielding ~ 70% cleavage. The
protein was precipitated and washed with 3 M ammonium sulfate to remove excess MESNA,
resuspended and passed through Ni-NTA resin again to remove the uncleaved protein and cleaved
intein. The protein was further purified with Q Sepharose resin (GE Healthcare) in a buffer
supplemented with 10 mM MESNA, and step-wise eluted with 400 mM KCI buffer. The resulting
elF4A-MESNA (2.5 nmol) was ligated with 1 mM NH2-Cys-Lys-COOH dipeptide modified with
6-carboxyfluorescein at the side chain amine of lysine in the presence of 0.4 M 4-
Mercaptophenylacetic acid, 10 mM tris(2-carboxyethyl)phosphine (TCEP), 200 mM Hepes. KOH
pH 7.0, and 200 mM KCl in 50 pl reaction. The mixture was incubated overnight at 4 °C, yielding
> 80% labelling efficiency. Free dipeptide was removed by repetitive dilution and concentration
using Amicon Ultra (Millipore) until absorbance of the flowthrough reached an undetectable level.

Functional analysis of the complex by RelE assay

For the RelE assay, capped RNAs were modified with fluorescein at the 3’-end as previously
described (/2). A plasmid expressing RelB-RelE was a gift from Prof. Strobel in Yale University.
RelE protein was expressed and purified as previously described (57). RelE assay was done
essentially as described previously (/7). For better quantification, mRNA cleavages were directly
detected by gel imaging of 3’-end fluorescent RNA fragments instead of using reverse
transcription with radioactive nucleotides. The 43S PIC (500 nM elF1/1A/3j/5, 300 nM elF2, 350
nM Met-tRNA;, 200 uM GMPPNP, 250 nM elF3, and 200 nM 40S subunit) in buffer A (20 mM
tris-acetate pH 7.5, 70 mM KCIl, 2.5 mM MgCl,, 0.1 mM spermidine, 1 mM DTT, and 10%
glycerol) was preincubated for 10 min at 37 °C in the presence or absence of elF4F/4B (500 nM
elF4A/4B/4E, and 400 nM elF4G (residue 557-1599)). The reaction was initiated by adding 50
nM labeled RNA together with 0.5 mM ATP-Mg or its analog, and was further incubated at 37
°C. At each time point, 8 ul reaction was withdrawn, and cleaved by 8 uM RelE in the presence
of 2.5 uM competitor RNA (50-fold molar excess) to stop further recruitment of the substrate. The
competitor RNA had a sequence identical to the substrate, but lacking fluorescent probe. After 10
min cleavage at 37 °C, the reaction was quenched by adding 10 pul of 10 M urea. The RNA was
resolved by 10% polyacrylamide gel in 73 mM sodium-borate pH 8.1 buffer with 8 M urea, and
imaged by LAS-4000 fluorescence image analyzer (GE Life Sciences). The amount of cleavage
was quantified as a sum of cleavages at two AUGs, and was normalized to a total intensity of
cleaved and uncleaved bands in each lane. The background cleavage (normally ~1%) was
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measured by adding RelE and a competitor RNA together with the substrate RNA at time 0, and
was subtracted from quantifications of kinetic measurements. RelE cleavage was absolutely
dependent on both 40S and elF2 ternary complex, and no cleavage at non-AUG codon was
observed under the experimental condition (Fig. S1A).

MBP-pulldown assay

50 pmol of purified MBP tagged elF3c (residues 1-287, 1-165, or 166-287) or MBP was mixed
with 100 pmol of elF1 in 50 pl reaction buffer containing 20 mM Hepes-K pH 7.5, 100 mM KCl,
2 mM MgCI2, 10% glycerol, 1 mM DTT, and 0.1% Nonidet P-40. The reaction mixture was
incubated at 37 °C for 10 min. 50 pl of 40% amylose resin slurry (New England Biolab) in the
reaction buffer was added and incubated on a rotator at 4 °C for 30 min. The resin was washed
with 100 pl reaction buffer three times, and then boiled with 50 pl SDS gel loading buffer. The
proteins were resolved on 15% SDS gel, and stained with Coomassie dye.

Fluorescence anisotropy assay

Fluorescence anisotropy assay was done essentially as described previously (50). Briefly, 20 nM
fluorescent elF4A was mixed with 0-700 nM elF3 in the presence or absence of 1 uM elF4G. We
used the middle domain of eIF4G (residues 682-1104), a region that closely resembles the one we
modeled in the structure. 20 pl reaction was incubated for 5 min at 37 °C, and further incubated
for > 20 min at room temperature before measurement.

Reconstitution of human 48S pre-initiation complex for cryo-EM

48S complex was assembled by mixing 43S with eIF4F and elF4B in a 50 pl reaction. The 43S
was reconstituted by mixing 0.5 uM elFs and 0.3 uM 408, in buffer (97 mM KAc, 2.5 mM MgAc,
3% glycerol, 0.1 mM spermidine, ImM DTT and 0.5 mM GMP-PNP) to a final volume of 26 pl.
The reaction mix was incubated at 30 °C for 10 min. elF4F was reconstituted by mixing 0.5 uM
elF4G (557-1599), 1 uM elF4A, elF4E, mRNA, and elF4B, to a final volume of 24 pl, in the same
buffer used to assemble the 43S, but supplemented with 0.5 mM ATP-y -S instead of GMP-PNP.

Characterization of human 48S by SEC and western immunoblotting

For biochemical purpose only, a 48S complex was assembled as described for cryo-EM, in a buffer
supplemented with 0.5 mM ATP-y -S. The assembled complex was purified from free elFs using
size exclusion chromatography (SEC) as previously described (52). The protein composition of
purified 48S was analysed by SDS-PAGE and stained with SYPRO Ruby (Bio-Rad). In parallel,
proteins were also transferred to a nitrocellulose membrane (Bio-Rad). The membrane was
incubated with primary antibodies against eI[F4A (abcam, ab31217), elF4E (abcam, ab33766),
elF4G (abcam, ab2609), elF4B (abcam, ab186856) and the ribosomal protein €S24 (abcam,
ab196652). Fluorescently-labelled secondary antibody conjugates were used to detect elFs.

Characterization of e[F4F-elF3 complexes by SEC followed by Cross-linking mass spectrometry
(XL-MS)

elF3-elF4F complex was assembled by mixing 4 uM elF4F with 2 uM elF3. The reaction mix was
incubated at 30 °C for 10 min and purified from free factors by SEC. Spermidine (a polyamine
with quenching properties) was omitted from the reaction mix. Purified complexes were cross-
linked with a 300-fold excess of the N-hydroxysuccinimide (NHS) ester disuccinimidyl dibutyric
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urea (DSBU, ThermoScientific, USA), with respect to the protein concentration. The cross-linking
reactions were incubated for 60 minutes at room temperature and then quenched by the addition
of NH4HCO3 to a final concentration of 20 mM and incubated further for 15 min.

The cross-linked proteins were reduced with 10 mM DTT and alkylated with 50 mM
iodoacetamide. Following alkylation, the proteins were digested with trypsin (Promega, UK) at an
enzyme-to-substrate ratio of 1:100, for 1 hour at room temperature and then further digested
overnight at 37 °C following a subsequent addition of trypsin at a ratio of 1:20.

The peptide digests were then fractionated batch wise by high pH reverse phase chromatography
on micro spin C18 columns (Harvard Apparatus, USA), into four fractions (10 mM NH4HCO3
/10 % (v/v) acetonitrile pH 8, 10 mM NH4HCO3 /20 % (v/v) acetonitrile pH 8, 10 mM NH4HCO3
/40 % (v/v) acetonitrile pH 8 and 10 mM NH4HCO3 /80 % (v/v) acetonitrile pH 8. The 150 ul
fractions were evaporated to dryness on a CoolSafe lyophilizer (ScanVac, Denmark) prior to
analysis by LC-MS/MS.

Lyophilized peptides for LC-MS/MS were resuspended in 0.1 % (v/v) formic acid and 2 % (v/v)
acetonitrile and analyzed by nano-scale capillary LC-MS/MS using an Ultimate U3000 HPLC
(ThermoScientific Dionex, USA) to deliver a flow of approximately 300 nl/min. A C18 Acclaim
PepMap100 5 um, 100 pm x 20 mm nanoViper (ThermoScientific Dionex, USA), trapped the
peptides before separation on a C18 Acclaim PepMapl00 3 pm, 75 pm x 250 mm nanoViper
(ThermoScientific Dionex, USA). Peptides were eluted with a gradient of acetonitrile. The
analytical column outlet was directly interfaced via a nano-flow electrospray ionisation source,
with a quadrupole Orbitrap mass spectrometer (Q-Exactive HFX, ThermoScientific, USA). MS
data were acquired in data-dependent mode using a top 10 method, where ions with a precursor
charge state of 1+ and 2+ were excluded. High-resolution full scans (R=120 000, m/z 300-1800)
were recorded in the Orbitrap followed by higher energy collision dissociation (HCD) (stepped
collision energy 26 and 28 % Normalized Collision Energy) of the 10 most intense MS peaks. The
fragment ion spectra were acquired at a resolution of 50 000 and dynamic exclusion window of
20s was applied.

For data analysis, Xcalibur raw files were converted into the MGF format using Proteome
Discoverer version 2.3 (ThermoScientific, USA) and used directly as input files for MeroX (53).
Searches were performed against an ad hoc protein database containing the sequences of the
proteins in the complex and a set of randomized decoy sequences generated by the software. The
following parameters were set for the searches: maximum number of missed cleavages 3; targeted
residues K, S, Y and T; minimum peptide length 5 amino acids; variable modifications:
carbamidomethylation of cysteine (mass shift 57.02146 Da), Methionine oxidation (mass shift
15.99491 Da); DSBU modified fragments: 85.05276 Da and 111.03203 Da (precision: 5 ppm MS
and 10 ppm MS/MS); False Discovery Rate cut-off: 5 %. Finally, each fragmentation spectrum
was manually inspected and validated.

Cryo-EM grid preparation and data acquisition

To increase the occupancies of elFs in the complex, the 48S was further stabilized by chemical
crosslinking using 1.5 mM BS3 (final concentration) on ice for 30 min. 3 pl of 130 nM 48S
complex (without any further purification step after the in vitro reconstitution) was applied onto




glow-discharged Quantifoil R2/2 copper grids pre-covered with thin layer of carbon (~20A) made
in-house. Cryo-EM grids were prepared using a FEI Vitrobot Mark IV at 4°C and 100% humidity.
The grids were plunged into liquid ethane at 93 K in a precision cryostat system (54). Because the
crosslinking reaction was performed on ice and in the presence of spermidine (a polyamine with
quenching properties), as expected we observed a mild crosslinking effect, confirmed by the
absence of aggregates in cryo-EM grids, when compared with the grids prepared without BS3.

Three independent data sets were collected on Titan Krios microscopes (ThermoFisher) equipped
with Falcon III direct electron detector (FEI) at a magnification of 75,000x and at pixel sizes of
1.085 Apix’! (dataset 1 and 2) or 1.094 Apix! (48S without elF4B). 39 frames were collected for
1 s in linear mode with defoci ranging from -1.8 um to -3.0 um, and fluxes of 102-107 e/A%/s.

Image processing

Motion correction was performed using RELION 3’s own implementation (55). Movies were
aligned using 5x5 patches with dose-weighting. CTF was estimated using CTFFIND4 (56). The
crystal structure of mammalian 40S (57) was used to simulate a map and used after lowpass
filtering to 60 A as a reference for the initial 3D classification. After focused classification on
various regions of the map and 3D refinement, Bayesian polishing in RELION was used for beam-
induced motion correction (55). The predominant molecular motions were accounted for by multi-
body refinement and flexibility analysis in RELION (58). All reported resolutions are based on
the gold-standard Fourier shell correlation (FSC) = 0.143 criterion (59).

Model building, fitting and refinement

The elFs models were generated by SWISS-MODEL (60) using previous cryo-EM and crystal
structures (10, 19, 31, 49, 57, 61-63). Parts of some subunits, such as elF3a, elF3c, elF3d, elF3e
and elF3j were built de novo.

The model for the C-terminal domain of elF3j was obtained by homology modelling using the
crystal structure of human elF3j (PDB: 3BPJ) and the main chain was further modelled by first
predicting its secondary structure using PSIPRED (64). The main chain for the N-terminal domain
was modelled based on the secondary structure prediction and refined into our map. The main
chain for the low-resolution parts were modelled as poly-alanines.

elF3g-RRM was modelled using the NMR structure of eIF3g (2CQO0) and further adjusted into our
map in Coot.

elF3¢c-NTD was built de novo.

The crystal structure of the partial eIF4G-elF4A complex from yeast (37) was used to generate a
homology models with the human sequences and fitted as a rigid body into the density.

Because the mRNA used lacks a start site, its structure in the channel is heterogenous. Thus, the
model contains only the phosphate backbone. The 40S small ribosomal subunit was modelled
based on a previous cryo-EM structure of human 80S (65). The high local resolution permitted de
novo building and revealed chemical modifications previously reported in the human 80S (65).
Manual fitting and refinement was performed in Coot (66). Real space refinement was performed
using phenix.real space refine (67).

40S and elFs models were generated using cryo-EM maps obtained after multi-body refinement.
Thus, each body was deposited with the corresponding map. To generate a global 48S, each model
was rigid body fitted (using Chimera) into the density of global 48S obtained prior the multi-body




refinement. Three rounds of global optimization in phenix real space refinement and manual
refinement in coot were also performed to improve the fit and remove clashes.

Figures and movie

Protein multiple sequence alignment was performed using the MPI Bioinformatics Toolkit (68).
The figures were made in Chimera (69) and ChimeraX (70). The movie was made in PyMOL
(Schrodinger).

The comparation between human 48S and previous structures of yeast 48S was performed by
suppressing the two structures. 18S rRNA phosphate backbone was taken as a reference for
structural alignments.




A 1 50 60 81

| | | |
5’ cap-GGACAACAACAACAAACCCUCGAACAACAACAACAACRACAACAACACCAUGGACAACCAUGGCAACAACAACAACAACAA-3'FL

TReEt? RelE 1
48S ATC A40S

elF11A/3/3j/5 + + + + + +
elF4F/4B/ATP  + + + + + +
elF2-TC + + - - + +

408 + + + + - -

RelE - + - + - +

Uncleaved

Degradation — |

AUG-50 -
. .
AUG-60 r
B C
SYPRO Ruby Western blot
48S elFs 48S elFs
elFag _©lF3a —==
48S (557-1599) 3 | elFAG ——| =
elF3c — ] .
elF3b :
olFs N | elFaB — |-
: elF3l —— | 7
g elFsd — | '
S / elF2y & b
2 I clFsA — |l Gl
=3 40S elF4A I g
8 elFs e ida
2 - .
< N eIF4E —— % Gl
408
elFs
eS24

Volume (ml)

Figure S1: Analysis and characterization of human 48S. A) RelE cleavage shows that the efficiency of
cleavage depends on both elF2 ternary complex (lines 3 and 4) and 40S (lines 5 and 6). The RelE cleavage
assay was performed for 40min at 37°C. B) Size exclusion chromatography (SEC) absorbance profile of a
reconstituted 48S complex. The presence of free 40S subunits and unbound elFs are also indicated. C) Bi-
ochemical characterization of the 48S complex and free elFs fractions shown by SDS-PAGE analysis (left)
or by western blot analysis for specific components (right).
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Figure S10: Superposition of elF3c-NTD with human 80S ribosome. Superposition of the elF3c-NTD
cluster of four helices (elF3c,,,,,) with the structure of human 80S (65). The elF3c-NTD would clash with
rRNA h34 from the large subunit, which is known to form a bridge contact between ribosomal subunits.



A elF3g RRM beak B elF3g RRM

48S without elF4B

' elF3g RRM

Figure S11: Cryo-EM reconstruction of human 48S assembled in the absence of elF4B. A-B) Structure
of elF3g-RRM in a 48S assembled without elF4B shown in two different views. C-D) Map-to-model fits of
elF3g-RRM.



Figure S12: Structure of elF3bgi subcomplex. A) Fits of elF3bgi into the cryo-EM map. The struc-
ture of elF3b and elF3i were generated using the crystal structure of yeast elF3bi (719). The The
polyalanine model of elF3a-CTD was generated using and secondary-structure prediction provided
by PSIPRED.
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Figure S14: Superposition of elF3j with the structure of ABCE1. A) Superposition of elF3j in the 48S with
the structure of DHX29 bound to the 43S PIC (10). The position of DHX29 clashes with elF3j as well as with
the elF3g-RRM (B). C) Superposition of elF3j in the 48S with the “post-splitting” structure of ABCE1 bound
the 40S subunit (29). D) Superposition of elF3j with the “pre-splitting” structure of ABCE1 bound to the 80S
ribosome (71-72). A predicted steric clash between elF3j and the iron—sulfur cluster domain (FeSD) in ABCE1
is labelled.
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Figure S15: elF4F binding to the elF3 complex. A) Multi-body refinement and principal component were
used to analyse the flexibility of elF3 octameric structural core by measuring the relative positions of elF3
and 40S. The elF3k/I subunits are the most flexible region. B) A summary of crosslinking mass spectrom-
etry of the elF4F-elF3 complex (match score: min 180; max 230), as described in materials and methods.
Connecting lines between elF4A and other proteins reflect the number of crosslinks observed. The majority
of crosslinks are observed between elF4A and the elF3 structural core. C) Rigid-body fitting (correlation =
0.92) of S. cerevisiae crystal structure (31) into human cryo-EM map to local resolution (6-11A). Yeast crystal
structure (elF4A seq Identity 67.40%; elFAG-HEAT1 seq Identity 34.98%) was used for the homology model
of human elF4A-elF4G. D) Rigid-body fitting of human homology model into the cryo-EM map. E) Superpo-
sition of human and yeast elF4F.
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Figure S16: Cryo-EM reconstruction of human 48S. An unassigned density connects the mRNA (-14) with
elF4A.
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Figure S17: Fitting and density assignment to elF4E. A) Crosslinking mass spectrometry of elF4F-elF3
complex revealed the interaction of elF4E and elF4G with the elF3 structural core (match score: min 90;
max 230), as described in materials and methods. B-C) Additional unassigned density is shown in proximity
to the density we have assigned to elF4A-elF4G. Rigid-body fitting (correlation = 0.70) of the human crystal
structure of elF4E (73) into the unassigned density.



Table S1: Data collection, processing, refinement and model statistics.

Data Collection
Microscope
Voltage (kV)
Corrected Magnification
Pixel size (A)
Detector
Defocus range (um)
Defocus mean (um)
Total electron exposure (e"A2s")
Exposure rate (e"Aframe™)
Data collection software
Data Processing
Independent data collections
Useable micrographs
Particles
Final particles (48S)
Map sharpening B-factor (A2)
Accuracy
translations (pix) / rotations (°)
Resolution (A)
Unmasked (0.143 FSC)
Masked (0.143 FSC)
Local resolution range (A)

Model

EMDB accession code
PDB accession code
Model Composition

Chains

Non-hydrogen atoms

Protein residues

RNA bases
Refinement

Software

Resolution (A)

CC (mask)

CC (main chain)

CC (side chain)
Average B factors (A2)
Protein
Nucleotides
R.M.S deviations

Bond lengths (A)

Bond angles (°)
Validation

Molprobity score

Clashscore, all atoms

Rotamers outliers (%)

CB outliers (%)

CaBLAM outliers (%)
Ramachandran plot

Favored (%)

Allowed (%)

Outliers (%)

Titan Krios

300
129,000
1.074

Falcon III
-1.8t0-3.0

-2.4
107
2.74
EPU

2
10,604
718,874
128,373
-10

0.39/0.46°

4.20
3.08
11-2.8

body
10775
6YBW

29
52908
3374
1254

3.1
0.87
0.85
0.86

79.36
91.66

0.005
0.970

1.87
4.26
3.26
0.00
2.01

95.98
3.93
0.090

head

10772
6YBS

18

28732

2330
501

3.1
0.87
0.85
0.86

87.85
66.40

0.006
1.118

1.87
3.61
2.92
0.00
3.11

93.98
5.28
0.00

elF3 TC
10769 10774
6YBD 6YBV
19 5
30742 6731
4421 769
0 78
phenix.real space refine
3.3 3.8
0.74 0.55
0.71 0.49
0.75 0.60
53.97 72.44
47.19
0.013 0.009
1.466 1.614
1.90 2.56
6.80 9.58
0.40 6.67
0.00 0.00
4.48 2.56
90.70 93.38
9.18 6.09
0.11 0.53

eIF3bgi
10773
6YBT

3
5426
1026

6.0
0.43
0.48
0.43

61.69

0.007
1.531

1.71
5.29
0.00
0.00
4.67

93.50
5.81
0.69

48S
11302
6ZMW

57
118158
11116
1822

3.7
0.60
0.54
0.66

108.72
84.41

0.007
1.367

2.12
7.26
2.37
0.00
3.30

93.29
6.49
0.23




Table S2: Protein-protein and protein-rRNA interaction table.

Protein 1/rRNA Protein 2/rRNA
Q6 E78
N10 E78
elF3a Rl14-a E78 eS1
R14-b D77
K23 S192
Q6 A61
elF3a R7 DGO eS26
elF3a K63 Cl1116 18S rRNA/ES7S
E135 H465
T137 Q467
R140 Q467
R140 P464
R140 H465
R143 D463
S286 L727
D343 K745
D345 R719
elF3a R469 D748 elF3c
R476 T79%4
R483 D800
R483 V798
1484 V798
H486 S801
H486 S803
T487 S801
R489 S803
N399 R317
1446 K324
448 K324
elF3a 2449 K324 elF3m
S449 D326
E517 K331
K432 G928
elF3c K343 G929 18S rRNA
R340 S60
elF3c 1389 E75 eS27
D602 Y41
T583 Q283
R586 V280
R586 E284
R586 E284
elF3c D587 N244 elF3e
S834 1347
D834 Q349
D836 Q349
A41 T609
A43 N610
D44 R641
W45 Q606
elF3d-NTT gé% ;{12117 elF3c
Y69 T566
A70 D562
Y71 T566
H73 H600
N245 T55
H307 A88
elF3g-RRM 307 86 uS3
1309 A88
Q553 HI156
F510 G118
V556 K155
elF3b R505 K155 uS4
R507 1157
R492 G166
N131 G1732
K123 U1730
elF3¢-NTD S139 U367-368 18S rRNA
Q143 U367
R146 U393




Table S3. Summary of fluorescent data and Kd values for elF4A binding to elF3.

aEquilibrium dissociation constants determined by titration with elF3 under the experimental condition.
®Anisotropy of the fluorescent labeled molecule prior to addition of elF3 under the experimental condition.
¢Calculated anisotropy of the fluorescent labeled molecule in the elF3 bound state under the experimental
condition.

dDifference between rfree and rbound, representing the maximum anisotropy change under the experimental
condition.

Ar_d

c
bound max

K, (nM)? r, b r

free

elF3 ~400¢ 0.146 +0.001 0.187 +0.002 0.041 +0.002
elF3+elF4G 126 + 9 0.168 + 0.0001 0.186 +0.0003  0.017 £ 0.0002




Movie S1: Key features of the human 48S translation initiation complex.
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