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Eukaryotic initiation factors (elF) associate readily with **P-labeled Semliki Forest virus (SFV) mRNA in
vitro, forming complexes which can be crosslinked by 254 nm ultraviolet irradiation. After ribonuclease
digestion, the initiation factors were released and analysed by gel electrophoresis. Autoradiography revealed
proteins by virtue of crosslinked *? P-labeled mRNA fragments. elF-4A, -4B and -4C as well as three subunits

of elF-3 could be crosslinked with SFV mRNA. None of these proteins bound to ribosomal RNAs.

Introduction

Initiation of protein synthesis in mammalian
cells is a complex process in which many compo-
nents are involved. It proceeds by assembling ini-
tiatior tRNA (Met-tRNA /), 40 S and 60 S ribo-
somal subunits and messenger RNA into an 80 S
initiation complex. Various additional proteins,
among them the eukaryotic initiation factors (eIFs),
are also involved [1-5].

The binding of mRNA to 40 S subunits is an
important early step in which several initiation
factors participate. Specific binding of initiation
factors to mRNA sequences is thought to play a
role in the recognition of messenger and its posi-
tioning on the 40 S ribosomal subunit [6-11]. In
previous studies, the nitrocellulose filter technique
was employed to demonstrate the mRNA-binding
properties of initiation factors [6-10]. Here, we
extend the analysis of initiation factor-mRNA in-
teractions using the most direct approach. Ultra-
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violet irradiation of nucleic acid-protein complexes
are known to produce covalent linkages between
nucleotides and amino acids [12-15]. This method
has been used to study intimate and specific
RNA-protein interactions both in vivo [16-19]
and in vitro [20-23]. A subsequent ribonuclease
digestion of the crosslinked complexes releases
proteins, some of them carrying covalently bound
short nucleotide sequences. If the latter are radio-
labeled, the released proteins can be detected auto-
radiographically after electrophoresis [24].

With this technique, we show here that elF-3,
-4A, -4B and -4C interact specifically with SFV
mRNA in vitro, which is considered a model mes-
senger with cap and poly(A) terminal sequences.

Methods

Cell culture, radioisotopic labeling and RNA iso-
lation Mouse neuroblastoma cells were grown and
infected with wild-type Semliki Forest virus (SFV)
as described previously [25,26]. 1h post-infection
the inoculum (10 ml) was replaced by 10 ml phos-
phate-free Eagle’s minimum essential medium,
supplemented with 3% calf serum and 1 pg/ml



actinomycin D to suppress rRNA labeling [27]. 3 h
post-infection 10 mCi carrier-free [**PJorthophos-
phate were added. After 5 h, the **P-labeled viral
mRNA was isolated. *H-labeled SFV mRNA was
isolated as described previously [25,26].

To obtain ribosomal RNAs, uninfected neuro-
blastoma cells were also labeled with 10 mCi car-
rier-free [*2Plorthophosphate for 5 h as described
above, except that actinomycin D was omitted.
After cell lysis, the RNAs were deproteinized by a
phenol / chloroform mixture [28]; thereafter, 28 S
and 18 S rRNAs were separated by sucrose gradi-
ent centrifugation (5-20% sucrose in a Beckman
SW27 Rotor, 22000 rpm, for 24 h at 4°C).

Rabbit reticulocyte el Fs. Initiation factors were
isolated from rabbit reticulocytes as described pre-
viously [29,30]. The initiation factors used had the
following purities: eIF-2, 50%; eIF-3, 80%; elF-4A,
90%; elF-4B, 60%; elF-4C, 90%; as defined by the
ratio of the elF bands to total protein bands
detected by scanning the gel at 300 nm.

Ultraviolet-crosslinking. Samples of 25 pl con-
tained: 1 pg *2P-labeled RNA (2 - 106 cpm),/10-20
pg initiation factors/20 mM Tris-HCI (pH 7.6)/
100 mM KCI/3 mM MgAc,/7 mM 2-
mercaptoethanol /10% glycerol. Irradiation at 254
nm was carried out by placing the samples under
two 25 W germicidal tubes at a radiation intensity
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of 2000 pW /cm?, at 0°C, for 8 min, as described
previously [20,21,23]. The samples were then
treated with ribonuclease T, and ribonuclease A
for 1 h at 37°C [20-23]. The digestion was stopped
by boiling for 3 min. The samples were further
analysed by SDS-polyacrylamide gel electrophore-
sis and subsequent autoradiography (Kodak X-
omat, 3 days exposure).

Cs,80,-DMSO density gradient centrifugation.
Preformed Cs,SO,-DMSO gradients were pre-
pared as described previously [32]. Irradiated and
control samples of *H-labeled mRNA and elF-3
were diluted with 175 ul 10 mM Tris-HCl (pH
7.6)/10 mM KCl1/0.01% Triton X-100/15% v/v
DMSO. They were layered onto 15-50% w/w
Cs,S0,-DMSO preformed gradients in the same
buffer and centrifuged in a Beckman SW50 Rotor
at 40000 rpm for 20 h at 20°C. Thereafter, 200-p1
fractions were collected. The density of each frac-
tion was determined by weighing 20-pl aliquots.
The radioactivity was measured from 50-ul sam-
ples.

Results

The RNA-protein ultraviolet-crosslinking
method recently developed by Greenberg and co-
worker [20-23] was employed to ligate initiation

Fig. 1. Ultraviolet crosslinking in vitro of
eukaryotic initiation factors and 3?P-labeled
SFV mRNA. 1 pg of >2P-labeled SFV mRNA
(£2-10° cpm) and 10 pg of initiation factors
in 10 mM Tris-HCI pH (7.6)/100 mM KCl/3
mM magnesium acetate were irradiated with
254 nm ultraviolet light for 8 min, 2000 uW /
cm? in an ice bath followed by ribonuclease
digestion and polyacrylamide gel electro-
phoresis as described in Methods. Lane A;
stained gel of eIF-2. Lane B; autoradiograph
of crosslinked elF-2-32P-labeled SFV mRNA.,
Lane C; stained gel of elF-3. Lane D; autora-
diograph of crosslinked eIF-3-32P-labeled
SFV mRNA. Lane E; stained gel of elF-4A.
Lane F; autoradiograph of crosslinked elF-
4A - 32P-labeled SFV mRNA. Lane G; stained
gel of elF-4B. Lane H; autoradiograph of
crosslinked eIF-4B-*2P-labeled SFV mRNA.,
Lane I; stained gel of eIF-4C. Lane K; auto-
radiograph of crosslinked eIF-4C-*2P-labeled
SFV mRNA. A = ribonuclease A; T2 =
ribonuclease T2; molecular range is X 10-3,
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Fig. 2. Cs,50,-DMSO density gradient analysis of crosslinked
elF-3 SFV mRNA. Irradiated and control mixtures of 1 ug
*H-labeled SFV RNA and 10 pg elF-3 in 10 mM Tris-HCI (pH
7.6)/10 mM KCl1/0.01% Triton X-100/15% v/v DMSO were
layered onto 15-50% Cs,S0O,-DMSO gradients are as described
in Methods. A; *H-labeled SFV mRNA. B; *H-labeled SFV
mRNA and elF-3, not irradiated. C; *H-labeled SFV mRNA
and elF-3, irradiated.

factor fractions containing elF-2, -3, -4A, -4B or
-4C to ¥P-labeled SFV mRNA. Fig. 1 shows the
protein pattern of the individual initiation factor
fractions as well as the respective autoradiographs
showing bands of protein which could be cross-
linked to *?P-labeled SFV mRNA.

elF-3 is a large complex of ten different sub-
units ranging from 110 kDa to 34 kDa (Fig. 1.
lane C) [38-41]. The results of the crosslinking
experiment (lane D), shows that only three of
them are in direct contact with the SFV mRNA
molecule. Their molecular weights of 110000,
95000 and 65000 correspond to bands of stained
gels of the elF-3 sample [41]. Cs,SO, density
gradient centrifugation analysis shows that the
crosslinked elF-3 mRNA complex bands at a
buoyant density of 1.4 g-cm™3 (Fig. 2C; cf. con-
trols in A and B). This high protein/RNA ratio
suggests that it is the entire elF-3 which binds to
SFV mRNA, although obviously only three of its
subunits are in direct contact with the mRNA.

elF-4A, a single polypeptide of 45 kDA [30],
can be crosslinked to mRNA, as shown in lanes E
and F (Fig. 1). eIF-4B is a protein of 80 kDA [10].
The sample, only 60% pure, showed a band of
approx. 80 kDA; two additional bands of 110 and
57 kDa (Fig. 1, lanes G and H) are discernable,
which may be due to impurities. eIF-4C, a small
protein of 17.5 kDa [42,43] could be crosslinked to
the mRNA (lanes I and K, Fig. 1).

In contrast, elF-2, a complex initiation factor

A B C D E F

Fig. 3. Autoradiographs of ultraviolet crosslinking in vitro
results of elFs and 32 P-labeled 18 S ribosomal RNA.Crosslink-
ing conditions were as described in Methods. Lane A; '*C-
marker proteins (phosphorylase b, bovine serum albumin,
ovalbumin, carbonic anhydrase, soybean trypsin inhibitor,
lactalbumin). Lane B; eIF-2-32P-labeled 18 S ribosomal RNA.
Lane C; eIF-3-2P-labeled 18 S ribosomal RNA. Lane D;
elF-4A-32P-labeled 18 S ribosomal RNA. Lane E; elF-4B-*P-
labeled 18 S ribosomal RNA. Lane F; elF-4C-2P-labeled 18 S
ribosomal RNA. Note. Similar results were obtained with 28 S
ribosomal RNA.

consisting of three polypeptides, could not be cros-
slinked efficiently (Fig. 1, lanes A and B), al-
though faint bands migrating with the a and 8
subunits of eIF-2 are seen in some experiments.

To ensure that the results presented here were
specific for SFV mRNA, we performed control
experiments with *P-labeled ribosomal RNA. Fig,
3 shows that no crosslinking occurred between any
initiation factor and ribosomal RNAs,

Discussion

Our experiments indicate that under in vitro
conditions the initiation factors elF-4A, -4B, and



-4C or subunits of eIF-3 show affinity for mRNA
and bind specifically, because control experiments
with ribosomal RNA were negative. elF-2 did not
bind to SFV mRNA convincingly and we are
aware of the possibility that initiation factors or
their subunits also bind to ribosomes or messenger
ribonucleoproteins through protein-protein inter-
actions. Indeed, Westerman et al. [44] were able to
crosslink eIF-2 to the ribosomal proteins S 2, S 3
and S 8 using a chemical crosslinker, Recently,
Kaempfer and co-workers [6-8] reported on for-
mation of equimolar complexes between elF-2 and
mRNA by means of nitrocellulose binding assay.
Our results do not support this observation. Since
elF-2 plays its role in the formation of a ternary
complex with the initiator Met-tRNA; and GTP
and is likely to bind to 40 S ribosomes before
mRNA or messenger ribonucleoprotein are in-
volved [34], it remains questionable whether elF-2
has mRNA binding activity or even needs it at all.

elF-3, which was shown to bind to mRNA
through its three subunits of 110, 95 and 65 kDa,
has been reported to enhance the binding of Met-
rRNA; to 40 S ribosomal subunits. It is required
for binding of globin mRNA to 40 S subunits [34].
Recent data from Vincent et al. [48] showed that
globin messenger ribonucleoproteins themselves
contain some €lF-3 subunits. This could explain
why we were able to crosslink only three of them.
Finally, the crosslinking results with elF-4A, -4B
and -4C are almost predictable, since they are
supposed to promote mRNA binding to 40 S
ribosomal subunits [34].

The idea that some of the elFs (or their sub-
units) might be identical to messenger
ribonucleoproteins is strengthened by our recent
observations. Deproteinized mRNA is a poor tem-
plate in lysates depleted of so-called RNA-binding
proteins as compared to the respective messenger
ribonucleoprotein form [49,50]; Butcher and Arn-
stein [52] showed recently that some of the mes-
senger ribonucleoproteins remain attached to the
mRNA during translation but it is not clear
whether this can be said for any of the initiation
factors.

The fact that some eukaryotic initiation factors
(or their subunits) have affinity for mRNA again
stirs up the question of whether or not some of
them are identical to messenger ribonucleoproteins
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[45-52}, which by definition bind intimately to the
messenger. This hypothesis is supported by the
observations in a cell-free protein-synthesizing sys-
tem made up from lysates depleted of so-called
RNA-binding proteins. In this system, depro-
teinized mRNA acts as a poor template, whereas
the respective messenger ribonucleoproteins
derived from polyribosomes are actively translated
and even do not require any additional factors. It
is of interest that analysis by one- and two-dimen-
sional-gel electrophoresis reveals bands and spots
indicating proteins of similar size and physical
properties in initiation factor fractions, polyribo-
somal messenger ribonucleoprotein and/ or
RNA-binding proteins. To prove their identities
requires more detailed investigation.
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