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Eukaryotic ribosomes require
initiation factors 1 and 1A
to locate initiation codons
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The scanning model of translation initiation is a coherent description of how eukaryotic ribosomes reach the initiation
codon after being recruited to the capped 5° end of messenger RMA. Five eukaryotic initiation factors (elF 2, 3, 4A, 4B
and 4F) with established functions have been assumed to be sufficient to mediate this process. Here we report that
elF1 and elF1A are also both essential for translation initiation. In their absenece, 435 ribosomal preinitiation
complexes incubated with ATP, elF3A, elF4B and elFaF bind exclusively to the cap-proximal region but are unable to
reach the initiation codon. Individually, elF1 A enhances formation of this cap-proximal complex, and elF1 weakly
promotes formation of a 385 ribosomal complex at the initiation codon. These proteins act synergistically to mediate

assembly of ribosomal initiation complexes at the initiation codon and dissociate aberrant complexes from the mRNA.

The ribosomal scanning moded describes the basic steps of trans-
lation initiation on most eukaryotic mBNAs"™. In this process, a 435
complex, consisting of a ribosonal 405 subunit, elF3 and an elF2—
GTP—initator t(RNA complex, binds mBNA at its 5 end and scans
dowinstream uitil it locates the initsation codon. First, elFAF binds
the capped 5 end of the mBRMA and, with elFAA and elFAR, creates
an unstructured cap-proximal binding site for the 435 complex.
This complex scans to the first downstream AUG triplet, which acts
as the initsation codon. elF5 stimulates GTT hydeodysis and release
of factors from the resulting 485 complex, leaving the initiator tRNA
im the P-site of the 406 subunit. The rbosomal &5 subunit then
joims the 405 subunit and protein synthesis begins. Other factors,
including elF1 and elF 1A, ave been implicated in the initiation of
translation but their function remains obscure’,

Ribosomal binding to the end of an mRNA does not position it
at the initiation cosdon, which is wssally 50— 100 necleotides away.
The 435 complex is thowght to scan downstream, searching for the
initiation codon. This model poses three basic questions. (1) Which
factors are required for attachment of 435 complexes to capped
mBNAs? (1) How does the 435 complex move on the mRERMNA, and
which factors are required for this process? (3) How do components
of the 435 complex interact with and inspect mBNA doring
scanning to recognize and reject mismatched interactions between
triplets in the mRNA and the anticodon of initiator tRNA before the
correct initEtion codon s selected?

We have developed methods to recomstitute initiation froon
purified components and accurately to map the resulting initiation
complexes on mRMNAs" . Here we have reconsituted early stages in
initiation on natural capped B-globin mBMNA and identified essen-
tial, unanticipated activities of elF1 and elFIA. elF1, elFILA, elF4A,
¢lFAB and elFAF are sufficient for 435 complexes to bind capped
mRNAs and to form 485 complexes at the initiation codon. When
¢lF1 and elF1 A were amitted, 435 complexes bound near the 57 cap
but did mot reach the initiation codon. elF 1A enhanced the formma-
tion of these 5°-terminal complexes in the presence of the other five
factors: in their presence, elFl slightly stimulated 485 complex
formation and disociation of aberrant 5 terminal complexes.
These factors have distinct, synergistic activities that are required
together for 485 complex assembly at the initiation osdon.

Ribosome recruitment of capped mRNA
Ribosomal 485 complexes were assembled @ witro on B-globin

mBMNA using purified factors (Fig. la). The position of 405 sobuanits
ot the mENA in these complexes as mapped by toeprinting, which
involves extension by reverse transcriptase of a primer annealed toa
temiplate RNA to which a ribosome i3 also bouwnd. Synthess of
commplementary DMA B arrested by the bound complex, viddding a
toeprint at its beading edpe that can be located on 2 sequencing gel.
485 complexes assembled on B-globin mBMNA yield stops 15, 16 and
17 nucleotides downstream of the initiation codon”.

A ribosomal "complex 1, assembled from 405 subunits, initiator
tRMA, elF2, ¢lF3, elF1A, elFMB and elFAE yielded prominent
toeprints 21—24 nudeotides from the 5" end of the mRMA {Fig.
2a, kane 3). Complex | did ot form if 405 subuanits, initiator tRMA,
elF2, el F3 or el FF individusally, or el FAA, el FAB and elFAF together,
were omitted, o if ATP was suhstituted by AMP-PNDP (Fig- 2a,
Bamees 1-3, 2b, lames 1-7, 10). The formation of complex | was
ereatly increased by elFAB (Fig. 2bh, lane 8). 435 complexes and
elFAA, elF1B and elFAF are therefore unable to form 485 complexes,
and instead form ribosomal compleses near the 5 terminal cap.
Parallel experiments uwsing e-globin mRENA led to an identical
conclusion. Ribosomal complexes yielded toeprints 16 and 23
nuclentides from the 57 end of this mRNA, but not at the initiation
cosdon (data not shown ).

Assembly of 335 complexes

185 complexes assemble correctly in rabbit reticulocyte lysate
(RRLY’, which we therefore used as a source from which to purify
additional factor(s) required for assembly of the 485 complex. The
05 M KCI ribosomal salt wash was divided into 0—410F, A10-50%
and 50— ammonium sulphate precipitation fractions. The 50—
70 fraction contzined most of the sctivity that promoted assembly
of @ 485 complex (complex I1) at the initiation codon on addition to
reactions that contained 435 complexes and elFAA, el FAB and elFAF
(Fig. 2a, lane 1), This fraction was separated by dution from DEAE
cellubose into 0.1 M KCl and 0.25 M KC fractions that te 1 had
the same activity as the starting material (Fig. 1b). The (.25 M ECI
fraction doubled complex | formation but did not promode com-
plex 11 formation; inclusion of the 0.1 M KCl fraction in similar
reactions yielded small amounts of complex 11 without significantly
altering formation of complex 1, the main prodoect (data not
shown). The active constituents in these fractions were purified
by chromatography (Fig. 1h) and were assayed after mixing, wsing
toeprinting after each step to identify fractions and peodeins theat
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proneoted complex 11 formation. Apparently homogenons protens
of relative molecular mass (M) 13,500 and 190000 { 135K and 19K)
(Fig. 1o, lames b, 7) were necessary, amnd together (but not indivi-
dusally) were sufficient for 435 complexes and elF4A, ¢IFAR and
elFAF to form complex 11 without any trace of complex 1 (Fig. 2a,
lanes 5-7). The amino-terminal sequence of the 19K protein was
PENKGEG, identical to that of rabbit el FLA (ref. 8). The sequences
of two trypic peptides dernived from the 135K protein were
GDDLLPAGT and TLETTVOGIA, which correspond exactly to
aming acids 1826 and 45-52 of human ¢lFl {refs 9, 10).

Iincludineg elF LA in resctions lecking elF 1 increased the formation
of complex | without forming complex 11 (Fig. 23, lane 6).
Conversely, elFl in the absence of elFIA slightly reduced the
promuinence of complex | and yvielded some complex 11 (Fig. 2a,
lane 5). Without elFLA, complex 11 yielded two toeprints 16—17
nuclestides downstream of the initiation codon, whereas complex 11
assembled with elFl and elFIA yielded a third toeprint at 15
nuclestides downstream (Frg. 2a, lanes 5, 7). elFl and elF1A were
also requined for complex 11 assembly on a-globin mRNA (data not
shown). When complex | was assembled on B-globin mRNMA with-
out lFl and elFIA, and they were added 5min later, complex |
disappeared completely but complex 11 formed as if elF1 and elFILA
had been present throwghowt (Fig. 2a, ne 8). Complex | is there-
fore not a stable dead-end.

In toeprinting assays, the magnesium concentration was
increased to 8 mM afier the assembly reaction to optimize reverse
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Figure 1 Composition and puribcation of proters wsed in mskstion ntiston
a, o, Oveview of prolsns used in reconstiting toreslabon  nmabon
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transcription. These ionic conditions can stabilize non-emeymatic
binding of oligoribonucleotides to 405 subunits. A0S subunits and
all factors required for 485 complex formation were inculbsated in a
reaction mixture that contained 8 mM magnesiom scetate from the
beginning. Neither complex 1 nor 11 formed under these conditions
{Fig. 2a, lane 9); they are therefore not ssimply the consequence of
the magnesum-induced association of mRMNA and the 405 subunii.

Recombinant elF1 and elF LA (Fig. 1c) were used to confirm that
these factors are sufficient for 485 complex assembly when used
with 435 complexes and elF1A, elFAB and ¢lFAE Inclusion of
recombinant elFl with these components yidded complex 1 and
small amounts of complex 11; recombinant elFIA in place of elFI
slightly increased complex | formation withowt formation of com-
plex 11 {Fig. 3a, lanes 3, 4). Inclusion of recombinant elF1 and elFIA
in similar resctions yielded complex 11 but not complex | (Fig. 3a,
lane 6). Neither complex 1 nor complex 1 formved if 405 subunits,
elF2 or ¢lF3 individusally, or ¢elF4A, elFAB and ¢IFAF together, were
omitted (Fig 3a, lanes 7—10). The factors required for complex 11
formation and its position on mBENA indicate that it is a bona fide
485 complex. e¢lFl and elFIA are not requirad for recraitment of
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capped mRMNAs by 435 complexes, but are required together for
them to reach the initiaton codon. Adding recombinant elF1 and

elFIA to preformed complex | resulted in its disappearance and
in the formation of complex 11 (Fig. 3a, lane 11). Native elFl and
elF1LA and their recombinant counterparts therefore have identical
activities.

The influence of elF1 and elF1A on binding capped, ~P-labelled
globin mBNA to A0S subunits was assessed by socrose density-
gradient centrifugation. The incorporation of mENA into fiboso-
il complexes was not influenced by elFILA alone, bul was greutly
increased by ¢lFl and even more by both factors in reactions that
contained 435 complexes and elFAA, elFAB and elF4AF (Fig. 3h).
Toeprinting indicated that the amouwnts of complex 1 formed with-
out elFl and elFIA, and of complex 1l formed in their presence, are
saimilar, whereas muoch less complex | than complex 11 was detected
by sucrose density-gradient centrifegation. Complex 1 is therefore
unstablle wnder conditions of sucrose demsity-gradient centrifuggation.

Stability of complex |
The stabdlity of complex | was assessed by toeprinting after the

addition of competitor B-globin mBEMAs that kcked the priomer
bindimg site. Inclusion of & 15-fold excess of competitor i reactions

at the beginning of incubation abolished detectabde formation of
complex I; complex | was harely detectable when the same compe-
titor excess was added after 5 min incubation (Fig. 4a, lanes 7, 8). In

!pgd:nnﬂrq,ﬁ, LA I T T R
405 suburits T b & 4 B
elF2 E 4+ 4+ & 4 & 4+ &
edF3 O I I 4 &
elfF= 44, 4B, 4F 4 4 e P
Edel- 1R A O T ! 4 &
Recombinant elF1 (i =T 4+ + £ OB 4 &
Recombinant elF1A (1 =) + 4 £ 8 4 4
Mative elF1 (L= OF) _ . &
Mative el F1A (L= 07 . § 2 i
Recombinant elF1 (i = 5 . - - - 4 4
Racombinant alF1A (1 = 5 iy i = - 4 4
Ernll.-'ll'-.llg.ﬁ.:|'1-.5'|' — h T x = =
E
ll--------‘-"
‘I & Coample |
b 1 - - [+21 - +3d)
".
AUG 1 -
T
R Complex 1l
Q‘ll s ® (415 +17)
i
'n.q...
CTAGT1 23456 T8 9101112
b
— P
12000 I} =F=234A 28 4F
alFs2, 3 44, 45 4F +
L E000
elFs 2.3, 44, 4B, 4F 4+
e L
elF=32 3 44 45 dF +
. ! Bl o
a 10 o0 .
Froarss

Figure 2 Inboion-facior dependence of cap-medisied 485 complex formatson.
a, Trsrskntion comporesnbs {aoded when irdicaled; 1 time nomin], ATE, GMP-PRP
ard nahwal capped globin mANA were noubaied together. Ribosomal com
plexes wene then mapped by oeprinbng. oA products ane lsbedled as n Fg. 2.
Refferenoe bnes depict the grglobin sequence. b, Ribosomal compleses: wene
assembled vsing factors as indicsted, ATE GMP-PNE, aminoacylated initision
1RNA, 805 subunits and FPend-labelied « and Bglobin mRNAS, and wene
amaksed by suoose density-gradent centrifugabon. Sedimentation waes fiom
right 1o et Upper fractions from the gradent bee been omitted for claniy.
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parallel experiments, complex 11 formation in the presence of ¢IF1
and elFIA was unaffected by competitor added after 5 min incubsa-
tican (data nod shown ). Complex | is therefore intrinsically unstable,
wherneas complex 11 is resistant to challenge.

Neither complex 1 nor complex 11 formed in reactions that
contained elFl, elFIA and 8 mM Mg™ (Figs 2a, lane 9 and 3a,
Eane 12). Unlike complex 11, complex | can assemble at mormal
(2 mM) and devated (8 mM) Mg®' concentrations in the absence of
elFl amd elF 1A (Fig. 4a, lanes 2, 3). The failure to form complex 1 in
the presence of 8 mM Mg®', elF1 and elF 1A could be because these
factors prevent its formation woder these conditions, of because
they destabilize it immediately. We investigated the effect of these
factors on preformed complex 1. Neither factor indivadually affected
its prominence if added to reactions when the Mg*' concentration
wag increased from 2 to 8 mM buot, if these factors were added
together, complex | was not detectable (Fig. 4a, lanes 1-6). elF1 and
elFIA can therefore identify and promote the dssociation of
incorrectly assembled complex 1 under conditions that do not
allow the formation of complex 11 (that is, #mM Mg"'). These
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Fgure 4 Stabdity of complex | a, Transkston components as indicaoed, ATE
GMP-PHP and natural giobin mBENA sere moubated under standand oonditiones
eoept thet a1 15-fold esoess of competilon B-globin mBRA iraresonpt truncaied 24
ruclectdes past the inishion codon, «@lFL, @F1A and additional mognesom
acetate (M) were added of mes [, nomin) indicated. Ribosomal compleses
wene mapped by neprmting. cODMNAS ane Bbedled 2 in Bg. 2. Referenoe Bnes
depict the B-globin sequence. b, Ribosomal compleoes wene assembied using
aminoacyined intiolor tRAA, ATE GMP-PRP 405 subunits, [FPHend bbedied
plobin mBENA and «iFs 2, 3, 48, 48 and 4F, followed by addition of =iFs 1 and 1A
arid a 15-fold ewoess of unisbedbed fulHength globin mARA brmonpt as ndicated
ardd moubabon for a tobsl of Smr. Bibosomal compleses wene analesed by
suciose density-gradient ceniifugaton. Sedmentabion was from nght o e
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