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Structure Analysis of Eukaryotic Translation Initiation
Factors 5B and 1A Complex
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The initiation of protein synthesis is one of the crucial processes in the cell for all organisms and
requires at least eight initiation factors (eIFs) in eukaryotes. In this process, 48S initiation complex,
formed by 40S ribosomal subunit, mRNA, eIF2°GTP°Met-tRNAi'f‘e‘, elF1A, eIF1, etc. scans mRNA for
the start codon, during which the eIF2-bound GTP hydrolysis. The recognition of start codon triggers the
dissociation of eIF1, eIF2*GDP and Pi. Afterwards, eIF1A, which is still present on the 488 initiation
complex assists in recruiting eIFSB*GTP to the initiation complex, and eIF5B*GTP encourages the
joining of 60S ribosomal subunit to form the 80S initiation complex. Aﬁer that, the GTP bound to eIF5B
is hydrolyzed and eIF5B*GDP leaves the complex with eIF1A, resulting an 80S complex which is ready
for the elongation step.

The interaction between eIF5B and eIF1A, two universally conserved initiation factors through all
three kingdoms, is important for the conversion of 48S complex to a functional 80S ribosome. In
bacteria, their homolog IF2 and IF1 have been cross-linked on the ribosome. In eukaryotes, it was
reported that eIF1A and €IF5B bind to each other even off the ribosome. However the details of this
interaction are not yet understood. To elucidate the molecular bases for this interaction, we attempt to
determine the structure of eIFSB-elF1A complex from Saccharomyces cerevisiae by X-ray
crystallography.

As the N-terminal domain of S. cerevisiae eIF5B is not required for its function and the N-terminal
tail of S. cerevisiae eIF1A is unstructured, the N-termini of both proteins are truncated and these
truncation variants are referred to as eIF5B and elF1A. The recombinant eIF5B and elF1A were
overexpressed and purified independently, eIF5B-eIF1A complex was constructed by mixing two
purified protein and further purified by size-exclusion chromatography. The crystals, which were
confirmed to contain both proteins by SDS-PAGE, were obtained and diffracted to maximum resolution
of 3.3 A. Thé structure was solved by molecule replacement. There are two complex molecules in the
asymmetric unit.

The structure of eIF5B consists of four domains, a conserved N-terminal G-domain (domain I), an
EF-Tu-type B barrel (domain II), an o/f/o-sandwich (domain IIT), and a second EF-Tu-type B barrel
(domain IV), which is connected to domain I-III via a long helix. The two eIF5B molecules in the
asymmetric unit have different conformations. Although the structures of individual domain of two

- 315 -



eIF5B molecules are similar, the positions of domain III and domain IV relative to domain I-II are quite
different. Domain IV even adopt almost opposite orientation in two eIF5B molecules. Their
conformations are also different from that of the isolated eIF5B structure. Such high flexibility of eIF5B
conformation may reflect the requirement for conformational change between pre- and post- state of
ribosomal subunits joining.

Although the model of eIF1A core domain is difficult to build since the electron density map is poor,
we are still able to build the extreme C-terminal tail of elF1A based on the 2Fo-Fc and Fo-Fc map. The
C-terminal tail of eIF1A binds to a pocket formed by two helices in eIF5B domain IV. The interaction is
mainly hydrophobic as suggested by previous reports, while the hydrogen bonds between eIF5B side
chain and eIF1A main chain are also important. This interaction is unique to eukaryotes because the
unstructured C-terminal tail of eIF1A is not found in bacteria and archaea, and in bacteria IF2 (eIF5B
homolog) also lacks the corresponding binding pockef. The evolution of this unique interaction may
result from the much weaker affinity between elF5B and initiatér tRNA in eukaryotes (Kq = 40 pM)
compared to its bacterial and archaeal homologs, which are in micromolar range. The interaction
between eIF1A and eIF5B domain IV might facilitate the weak binding between eIF5B domain IV and
initiator tRNA by restricting the flexibility of eIF5B domain IV, and as a result prevent the dissociation of
initiator tRNA and stabilize the interface between 40S and 60S subunit for upcoming ribosome assembly.

Finally, a model for the interaction between eIF5B and eIF1A on the ribosome is proposed based on
structures of ribosome in complex with translation factor. eIF1A is assigned to the A-site of small subunit
by superposing to the structure of its bacterial homolog IF1 in the 30S¢IF1 complex. The position of
eIF5B on the ribosome is obtained via superposing domain G of eIF5B to that of another ribosomal
dependent GTPase EF-G in the crystal structure of EF-G*70S complex. In this model, the core domain of
elF1A is close to domain III of eIF5B, while domain IV of eIF5B is far from the initiator tRNA acceptor
arm, which is consist with a state after eIF5B-bound GTP hydrolysis. Before GTP hydrolysis, initiator
tRNA is supposed to adopt a hybrid P/I state, and eIF5B domain IV is supposed to bind with initiator
tRNA acceptor arm. To build the GTP state model, eIF5B domain IV was manually rotated to initiator
tRNA acceptor arm, which is easy to accomplish in vivo considering the high flexibility of eIF5B
conformation. In this GTP state model, both eIF1A C-terminal tail and initiator tRNA acceptor arm bind
with eIF5B domain IV, forming a stable tripod ready for the binding with 60S subunits. The joining of
60S subunit induces the hydrolyzation of e[F5B-bound GTP, which causes the movement of eIF5B
domain IV and the dissociation of eIFSB and tRNA contacts. Then initiator tRNA back-translocate into
P/P state ready for the formation of the first peptide bond. The resulting conformation change of 80S
complex also looses the binding of eIF1A and promotes a rapid release of eIF1A, whereas eIF5B, having

lost main anchorages to the 80S complex, dissociates from the ribosome coupled with eIF1A.
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Structure Analysis of Eukaryotic Translation Initiation
Factors 5B and 1A Complex
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BEAEOBRBIARS Y, TR TOAYRBICEETIRVEER B EAD 1 2THY,
BEADIIBNTHRI LD 8§ BOBBAF(CIF)PHNEL TS, ZOERBHBRIGTIE, ¥
3", mRNA, elF2 - GTP - Met-tRNAM®, eIF1A, elF1 Z2EN YR Y —A 408 7 2= FMZ
AL, BWEEEETHH 488125, ZLT, elF2IZHES L TVWA GTP 3K L7258
H, mRNA ORI N2 AX v 75, Btha FUOBEBMINAS, elFl, elF2 - GDP &
Pi 25 488 MO fRBET 5. DR, elFSB-GTP BV R Y —b/h T a=y MIHE->TVV3 elFIA
EOMEERICL > TIRY —b/hFTa=y MRS L, elFIA LBFMICEB Zkick-
T SV T2y FEDEEEIRETS. 80S VRY —LBFERENTRIZ, elF5BICRESL
T3 GTP Ak 453AE L, eIF5B - GDT 28 elF1A & & 1T 80S b, BFRIIKkOHBER
JE~EBITL, ZU R EERBBBENRS.

IHhOOBBEFOFRT, B, N7V 7, HSHEO 3 KEEOADREC L IRES
NTWBDIZeIF5B & elFIA THD., O >ORFOMHEMEMIL, VRY—s/hH T2z
o FBHEET A 808 YR Y —AIZRBZ LR LTEETHD. N7 5 YT T, elFSB &
elFIA DFRER 7 THH IF2 & F1 XY RY —AIEFRICESTAZ iz LT, E4EY
D elF5B & elFIA XV A Y —ARFELZLS THOHEERTZ Z BT TWAER, Th
LOMEEROEMIZELHOMNCEN TR, £ T, AT X Bk REEMRITc X
DEERHRD elFSB-eIFIA EEEOBEEZHALNMIL, ThbOHEEROS FEE 2 iRH
T5. ‘

BERFHIE eIFSB D N K8id K A A VidBEBIZH S L TRV, E£/2 elFIA @ N KHOER
SET7 =V RLTWERNWED, ZOZHODF N7 B0 NEBERBLEY AR EW
T, BEBOEERITZ T 7. Zo0H I3 KRBEEORBRRICLYV EFNLFNRREL,
REFAB U2, BUNBOY L ILVEBETAZLICE-T, BEEE2HRL, BalkrRr
TR, 33A EERZFOBELBI LB L. 2, Boh&EZHAWVWT,
SDS-PAGE IZ X o TF =7 Lol = A, elF5B L elFIA DN RARER S, TOfRRITHE
BERTHHZLERRTER. £, HFBERICEVAAHEHERZITY, ERNFREMIIC 2 @D
BEEDODGFREETIZ BT,

elFSB D&Y, L<BRFEINTWVANKMWG KA (KAL), EFR-Tu¥A47 B
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barrel KAA v (KAA 1D, aPlo-sandwich KAA Y (FAA L ID, 2% HOD EF-Tu-type
Bbarel RAA Y (KAALVIV) D4DDRALUhbigd. RAA VIV X 1EDRE helix
IWEoT FAALYHI &E2RMB>TWA. JEFRBALICH S 2 B D elFSB 7 FDENEND
KA AL UBERETOVBIZH b5 T, 2E0OEEIIRRZ>TWS. Thid, FASM V]
MIZHLTORAAL VI & IVOREXRERL>THAENSETHSE. Z2DGFDODRAL VIV
HIEIERNFEEFRNTNS, E5IZ, ThbD RAL VORE HAHFEE THRITShCE
T eIFSB s & B2 5TV 5. 20 X 572 high flexibility 27§ eIFSB #i&iL, VRV —A
YTz FEBORTHE (re- and post- state) ICERIN T3 elF5B OEEELEZRBRL T
WaHEEZLNS.

elFIA DA TIEEIIBEFHE~ vy 7TOABPOH, HETE oM, eFIADCXK
¥ tail @ 2Fo-Fc & Fo-Fc = v T3 TH o7-. elF1IA O CKUEM elFSB KA A IV D 2
SO helix PHFRINEEr v M AV, EBAKEHBEERICLD eIFSB LS LTWD.
F 7=, eIFSB DISE & elF1A EHOBITKER A OERIN TN S, 2D & )72 elF5B & elF1A
OHERAREBEYICEE CH S, TR oL, /75 ) 7 IF1 & H#E alF1 A (e[F1IA O
AET ) I2i, C KM tail BEELRY, /o, XZF VT IF2 (eIF5B OFRERY) IZiX
elFIA LESTAEX v P RITFTWAEHTHS, ZO2=—7 2HE/EMAIL eIFSB LB
4 (RNA OHEEADEICL D bDEEZ NS, THbb, X7 7 U 7RI UEHME (mM
VAUV BHART, EEAEMTIE, eIFSB L Bilh (RNA ORET 74 =714 (Kd&=40pM) 2
GBIV /=0, eIFSB D K A A 2 IV 28 eIF1A @ C K¥h b 31T 7= flexibility ~D | FRIZBALE RNA
EOPVREERAEZREI L, Bih (RNA OREEZEFE, 408 L 60S OEITAR R EMEZ
HotEZILNAD.

URY—AIZiT 3 elFSB & elFIA DEIE 2HLMICT B ), Hoh-#EL 80S V
Ry —sEEICw vy B F L. 7, QelF1A 2HEMIT S 308 - IF1 HEH#EED IF]
IZ fitting i & o T, eIF1A 25 408 D A ¥ MIERBEH D Z L A5 o 7. DelF5B % 70SEF-G
BAKOHEEIZHD EF-G (IFSBDOFAL Y GOFRERY) LERAEDEDHZEICLST,
708 - eIFSB BEAEDEFTARER L, E5HIT, FOEF /L% 30SelFIA LERDHZ LiIZL»
T, 70S - eIF5B * eIF1A DEF /L %1B7. @708 - elF5B * elF1A DE T /L% 80S DFEGEEIE
D RNA (288) L ERSbE B LICL-T, BEHIZ 80S « eIFSB * elF1A DE T V& {EEL
L. ZOFETFATIE, elFI1A DT A elF5B D KA A > I OfEICEE S, elF5B O K
AL IV S (RNA LEERTWA, T, elFSB IZREA LTV 3 GTP OHIKZAERIC
eIFSB-GDP 28 U R Y — AL RBET A EAOREE ZE L 0N 5. £z, 80S ICRET AN,
FREER PLESIREOBRIE (RNA OF V8 S ZF—T—LBelFSB D KAL IV EHETD
T ERHE SR TWED T, ARBFZE T4 b/ high flexibility eIFSB OBEICE-S3T, elF5B
DRAL VL IV ZElERSH, GTP BIKSHET DEIDOETNVEER L. DE D, elFA O
C RIBIZHIR SN 7= eIFSB-GTP D KA A V' IV XA RNA DT 7 S X —T — A LFEETD
TEILkoT60S LEALRTWVWAEEHRTS. TLT, 60S ERHETHIELT, elFSBD
GTP ARSI, elFSB-GDP @ KA AV 1III & IV OEEE(LBEZ Y, BRtARNA DD
BEN D . BRiRE9IC, BHRA (RNA PP ELBIZ/RY, elFSB & elFIA B Y R Y — A LARREL,
80S B ¥ R BERKIEDHEEBEIZAS.

PLE, AR CIIEEAEY OFFREBETF elF5B-1A A KD X BIESEARITIC X - T eIF5B
& eIF1IA OHEERZRALMZL, Boh-#BEZ VR Y — 2By 7 T528KE
k5T, eIFSB & elFl DB 2RE L. AFELEMBFCRIETERITIIZR2HON
HY, Lo TEER—FIL, PHEENIEBEREE LT (ERE) OFNEREShIRE
HHLDERDT-.
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