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The interaction between fMet-tRNAM¢t and Bacillus
stearothermophilus translation initiation factor IF2
has been characterized. We demonstrate that essen-
tially all thermodynamic determinants governing the
stability and the specificity of this interaction are
localized within the acceptor hexanucleotide fMet-
3’ACCAAC of the initiator tRNA and a fairly small
area at the surface of the B-barrel structure of the 90-
amino acid C-terminal domain of IF2 (IF2 C-2). A
weak but specific interaction between IF2 C-2 and
formyl-methionyl was also demonstrated. The surface
of IF2 C-2 interacting with fMet-tRNAM¢t has been
mapped using two independent approaches, site-
directed mutagenesis and NMR spectroscopy, which
yielded consistent results. The binding site comprises
C668 and G715 located in a groove accommodating
the methionyl side-chain, R700, in the vicinity of the
formyl group, Y701 and K702 close to the acyl bond
between fMet and tRNAMet, and the surface lined
with residues K702-S660, along which the acceptor
arm of the initiator tRNA spans in the direction 3’ to 5",
Keywords: NMR spectroscopy/protein—RNA interaction/
site-directed mutagenesis/translation initiation

Introduction

The specific recognition of fMet-tRNAMe by initiation
factor IF2 represents one of the most important inter-
actions occurring during translation initiation in bacteria
(for reviews see Spurio et al., 1993; Schmitt ef al., 1996;
Gualerzi et al., 2000). This interaction determines the
accuracy in the selection of the correct initiation site of
both leadered (containing a 5-UTR) and unleadered
mRNASs (Grill et al., 2000 and references therein), in the
speed and efficiency of both 30S and 70S initiation
complex formation (Gualerzi et al., 1986) and in the
formation of the first peptide bond (initiation dipeptide),
which marks the transition from the initiation to the
elongation phase of translation (La Teana et al., 1996;
TomsSic et al., 2000).

Important progress in the elucidation of the IF2
structure was made recently. The molecular dissection
of Bacillus stearothermophilus IF2 (82 kDa) allowed
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the identification of three domains in the molecule (the
N-terminal domain, the central G-domain and the
carboxyl-terminal C-domain), the site responsible for
the recognition and binding of fMet-tRNAMe being
located in the 24.5 kDa C-terminal part of the protein
(IF2 C) (Gualerzi et al., 1991). Further studies have shown
that IF2 C is constituted by two domains of approximately
equal size (IF2 C-1 and IF2 C-2) (Misselwitz et al., 1997).
IF2 C-2, of 110 residues, was found to contain all the
structural determinants involved in the recognition of
fMet-tRNAMet, and its complex with fMet-tRNAMet
displayed the same stability and properties as those formed
by intact IF2 and IF2 C (Krafft ef al., 2000; Spurio et al.,
2000). The three dimensional (3D) solution structure of
B.stearothermophilus IF2 C-2 determined by multinuclear
NMR spectroscopy consists of a compact PB-barrel,
structurally homologous to domains II of elongation
factors EF-Tu and EF-G, despite the lack of any significant
sequence homology (Meunier et al., 2000). Based on this
similarity, a recognition site for fMet-tRNAMet was
proposed. The goal of the present study is to characterize
this interaction experimentally.

Chemical shifts are sensitive to the environment
(Ramsey, 1950) and this property can be used to study
even weak interactions between molecules (Wiithrich,
2000). The amide proton and nitrogen atoms are especially
useful in localizing the region of a molecule involved in
ligand binding and methods based on this property were
proposed to design high affinity ligands for proteins
(Shuker et al., 1996) or characterize biomolecular inter-
actions in association with other experimental approaches
(Foster et al., 1998; Takahashi et al., 2000). Similarly, we
have used NMR spectral changes, in combination with
site-directed mutagenesis, to characterize the binding site
of IF2 to fMet-tRNAMet,

Our data demonstrate that IF2 C-2 can form a stable
complex with the aminoacylated and formylated acceptor
arm of the initiator tRNA (fMet-3’ACCAAC) and that it
interacts specifically, albeit with low affinity, with
N-formyl-methionine. Titrations of IF2 C-2 with ligands
of increasing complexity (from formyl-methionine to
fMet-tRNAMet), monitored by NMR spectroscopy and
inactivation of the fMet-tRNA binding of the protein
following site-directed mutagenesis, yielded consistent
results, allowing the identification of the site of IF2
involved in the interaction with the initiator tRNA.

Results

Identification of two clusters of amino acids
involved in fMet-tRNA;Met pinding to IF2 within
IF2 C-2

Earlier studies highlighted the importance of particular
residues (C668, C714, K699 and R700) of IF2 C-2 for its
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binding to the initiator tRNA. Evidence was presented to
demonstrate the role of the cysteines while attempting to
introduce fluorescent tags: most replacements of C714 and
some of C668 caused severe alteration of the fMet-
tRNAMet binding capacity of the protein (Misselwitz et al.,
1999). Involvement of the two other amino acids was
revealed by the suppression of a dominant lethal mutant in
the GTP/GDP binding site of B.stearothermophilus 1F2
due to the loss of the fMet-tRNAMet binding of the factor
following the double mutation K699N-R700G (Gualerzi
et al., 2000; J.TomsSic, A.Smorlesi, C.L.Pon and
C.0.Gualerzi, manuscript in preparation).

To characterize further the environment of the cysteine
residues and their role in fMet-tRNAMet binding and to
determine whether the inactivation of the K699N-R700G
double mutant was due to the substitution of K699, R700
or both, a large number of amino acid substitutions were
introduced in these regions of the molecule. In addition to
several mutants with wild-type activity, these experiments
led to the identification of two clusters of four (K699-
R700-Y701-K702) and three (E713-C714-G715) consecu-
tive amino acid residues important or essential for the
interaction of IF2 with fMet-tRNAMet,

Residual fMet-tRNAMet binding of the mutants was
measured by their capacity to protect the initiator tRNA
from spontaneous hydrolysis. Results are presented in
Figure 1. Aside from some conservative substitutions (e.g.
K699R, Y701F, K702R, E713D) and the E713A mutant,
all other mutations strongly reduced the fMet-tRNAMet
binding capacity of the protein. Particularly drastic are the
effects of the G715X mutations: all seven substitutions
introduced at this position completely abolished the fMet-
tRNAMet binding of IF2. Inactivation due to replacement
of C714 by Val, Asp, Arg, Lys or Glu is also severe, while
substantial binding activity remains for the C714S and
C714Y mutants (Misselwitz et al., 1999).

Localization of the amino acids involved in
fMet-tRNA; Vet binding within the 3D structure

of IF2 C-2

The seven amino acids affecting the interaction of IF2
with fMet-tRNAMet are localized within the 110 residue
C-terminal domain of IF2 (IF2 C-2). None of the many
other mutations, site-directed or generated randomly,
within the N-terminal domain of IF2 C were found to
alter the initiator tRNA binding (data not shown),
consistent with the finding that isolated IF2 C-2 binds
fMet-tRNAMet with specificity and affinity equal to that of
native IF2 (Spurio et al., 2000). Figure 2 displays a space
filling representation of the 3D structure of IF2 C-2
(Meunier et al., 2000) in which the identified residues are
colored using a lighter shade: they constitute a continuous,
well defined area at the surface of the protein, forming a
shallow cleft which could accommodate the acceptor end
of the initiator tRNA.

The acceptor end of fMet-tRNA;Vet forms a stable
interaction with IF2 C-2

Spurio et al. (2000) showed that IF2 C-2 could be trimmed
at the N- and C-termini to yield a shortened form of the
domain (90 versus 110 amino acids), which corresponds to
the structured part of the molecule (Meunier et al., 2000)
and can be considered as the minimal size polypeptide still
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Fig. 1. Effect of amino acid replacements on the fMet-tRNAMet
binding of IF2. fMet-tRNAM¢! binding of IF2 mutants was evaluated
by measuring the protection of the tRNA from deaminoacylation as a
function of the protein concentration. Protection levels are normalized
to the value obtained using wild-type IF2 under the same conditions.
Mutagenized residues are (A) K699, (B) R700, (C) Y701, (D) K702,
(E) E713 and (F) G715, and the amino acids by which they were
replaced are indicated in each panel. Additional experimental details
are provided in Materials and methods.

retaining full biological function since it binds fMet-
tRNAMet with properties equal to those of intact IF2.
Conceptually similar experiments were carried out to
identify the minimal fragment of the initiator tRNA still
capable of interacting with IF2. Figure 3 shows that the
acceptor end of the initiator tRNA (fMet-3’ACCAAC)
is protected by IF2 C-2 from spontaneous hydrolysis
with almost the same kinetic (Figure 3A) and protein



Fig. 2. Location on IF2 C-2 structure of the amino acid residues
involved in the interaction with fMet-tRNAMe., as identified by
mutagenesis. Space filling representation of the 3D structure of IF2
C-2 (Meunier et al., 2000); rotations of 90° and 40° were operated
about the y-axis. The amino acid residues identified by site-directed
mutagenesis as being involved in the interaction with fMet-tRNAMet
are colored with a lighter shade. This figure, as well as Figure 5B, D
and F, were generated using the program MOLMOL (Koradi et al.,
1996).

concentration dependence (Figure 3B) as full-length
fMet-tRNAMet, The dissociation constant of the IF2
C-2-fMet-3’ACCAAC complex is ~2-fold higher
(K4 = 1.8 uM as estimated from the results of Figure 3B)

The fMet-tRNAMet binding site of IF2

than the 0.9 uM value estimated for the complexes formed
by the intact fMet-tRNAMet and either IF2 C or IF2 C-2
(Krafft et al., 2000; Spurio et al., 2000). Additional
experiments demonstrate that fMet-3’ACCAAC displays
the same affinity for IF2 C-2 and IF2 C (data not shown).

To characterize further the interaction between IF2 C-2
and the acceptor stem of fMet-tRNAMe, RNase Tl1
digestion was performed in the presence and in the
absence of IF2 C-2. The time course of fMet-3’ACCAAC
production from the intact fMet-tRNAMet indicates that
the phosphodiester bond 3'G-,—C7; is not protected from
RNase T1 cleavage in the presence of IF2 C-2 (Figure 3C);
on the contrary, the amount of 3’ acceptor fragment
produced is significantly increased in the presence of the
protein (or equivalent amounts of IF2 C). This suggests
that the interaction of fMet-tRNAMet with these proteins
destabilizes the terminal base pairs (G,-C71,C3-G7) of the
initiator tRNA. An interaction between IF2 C and the
5" end (e.g. with the 5" phosphate) of fMet-tRNAMet could
be responsible for destabilizing the acceptor stem duplex
which, in turn, may favor the formation of the first peptide
bond; the same interaction could contribute somewhat to
the thermodynamic stability of the complex and thereby
account for the slightly higher affinity (2- to 3-fold)
displayed by IF2 C-2 for intact fMet-tRNAMet compared
with the fMet-3’ACCAAC acceptor hexanucleotide (see
Discussion).

The present results expand on previous reports (Spurio
et al., 2000) by demonstrating that essentially all thermo-
dynamic determinants governing the stability and the
specificity of the fMet-tRNAMIF2 complex are local-
ized within two fairly small fragments: the 90-amino acid
IF2 C-2 and the fMet-3’ACCAAC fragment of the initiator
tRNA.

Mapping the fMet-tRNA;Vet binding site of IF2 C-2
by NMR spectroscopy

Comparison of two dimensional (2D) NMR spectra of
IF2 C-2 recorded in the presence and in the absence of
fMet-tRNAMet (Figure 4) does not reveal any noticeable
chemical shift changes. However the intensity of specific
correlation peaks is clearly affected by the presence of
fMet-tRNAMet: the ratio of intensities measured in the
presence and in the absence of tRNA are displayed in
Figure 5A as a function of the protein sequence. The
strongest intensity decreases are observed for residues that
are located in the B3, loop (Q655, T656, F657, V659,
S660, K661, V662, G663, 1665), in the B, strand (A666,
G667, C668, Y669), at the edge of the B, strand, at the
beginning of the B4—Ps loop (1695, L698, K699, R700,
Y701, K702, V705) and in the Bs strand (E713, C714,
Q715, L716, T717, 1718, N719 and F721), and that
constitute a rather continuous region at the surface of the
protein (Figure 5B). Since two structural elements of this
interacting surface, namely the B;—B, and B4—Bs loops,
belong to a disordered and flexible part of the protein in
solution (Meunier et al., 2000), they could undergo a
conformational change upon binding to fMet-tRNAMet,
The observed intensity decreases upon interaction with
fMet-tRNAMet can then be due either to intermediate
exchange broadening caused by dynamic events at the
protein—RNA interface or to an equilibrium with free
protein.
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Fig. 3. Interaction of the acceptor end of fMet-tRNAMet with IF2 C-2. (A) Time course of the hydrolysis of 10 pmol of intact f[*>S]Met-tRNAMet
(inverted triangles) and f[33S]Met-3’ACCAAC (circles) in the absence (open symbols) and in the presence (filled symbols) of 120 pmol of IF2 C-2.
(B) Protection from hydrolysis of intact f[3S]Met-tRNAMet (circles) and f[3>S]Met-ACCAAC (triangles) as a function of the amount of IF2 C-2. The
reaction was carried out at 37°C for 70 min. (C) Time course of f[*S]Met-ACCAAC production by RNase T1 cleavage of the G;o—C7, diester bond
in the presence of IF2 C-2 (filled circles), IF2 C (filled squares) and in the absence of protein (open circles). Additional experimental details are given

in Materials and methods.

To identify the residues of IF2 C-2 in contact with
different parts of the initiator tRNA, we titrated this
protein with the initiator amino acid in its formylated
(N-formyl-methionine) and unformylated (methionine)
forms, as well as with a DNA hexanucleotide (dACC-
AAC) mimicking the 3" acceptor arm of the initiator
tRNA. Solubility limits restricted the amino acid concen-
trations to ~100 mM, while the hexanucleotide was added
up to 2 mM.

Figure 5C shows extremely limited and relatively
uniform chemical shift variations upon addition of up to
100 mM methionine (Adomp <0.025). The absence of any
specific interaction is consistent with the moderate influ-
ence played by the nature of the amino acid loaded on the
initiator tRNA on its affinity for IF2, methionine being
replaceable by valine or glutamine (Wu and RajBhandary,
1997). In contrast, formylation plays a major role in the
specificity and affinity of the interaction between fMet-
tRNAMet and IF2 (RajBhandary and Chow, 1986;
Gualerzi and Pon, 1990) and significant chemical shift
displacements are observed upon titration with N-formyl-
methionine. The residues most strongly affected by this
ligand are K702 (Adcomp = 0.16) and G715 (AScomp =
0.045) as well as C668, R700 and Y701, although at a
lower level (A8comp ~0.035). Altogether these residues
form a continuous patch at the surface of the protein,
defining an area that is contained within the fMet-
tRNAMet binding site of IF2 C-2 (Figure 5D). An
interaction between IF2 and N-formyl-methionine had
never been reported before; this is not surprising since we
estimate the K, to be in the 100 mM range. Nevertheless,
the observed interaction is very specific, as judged from
the comparison with the results obtained with methionine,
from the evidence that the interacting residues are also
sensitive to the presence of fMet-tRNAMet (Figure 5A and
B) and from the fact that the same amino acids were
identified independently by site-directed mutagenesis as
being involved in IF2-fMet-tRNAM¢t interaction (Figures
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Fig. 4. Overlay of the 'H/">N HSQC spectra of IF2 C-2 in the presence
and in the absence of fMet-tRNAMet, The spectra recorded in the
presence and in the absence of fMet-tRNAMet are colored in blue

and red, respectively. The weakened correlation peaks are labeled
according to the corresponding residue number. Side-chains are
indicated by an asterisk (*).

1 and 2). Since IF2 can also protect the acyl bond of
NacPhe-tRNA from hydrolysis (Spurio et al., 2000), we
conducted titrations using phenylalanine and N-acetyl-
phenylalanine as well. It was found that only the oi-amino
blocked amino acid affects the chemical shifts of residues
in the same region of IF2 C-2 as fMet (data not shown).
Chemical shift variations are also observed upon
titration with 3’dACCAAC (Figure 5E). The Ky of the
complex between IF2 C-2 and the DNA hexanucleotide
was estimated to be ~10 mM, although the complete
titration curve was not obtained. The IF2 residues involved
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Fig. 5. Titration of IF2-C2 with fMet-tRNAM®, N-formyl-methionine and dACCAAC. (A) Effect of the addition of fMet-tRNAMe! on the intensity of
the "H/'SN HSQC peaks for the backbone (black bars) and side chains (gray bars) of IF2 C-2 displayed as a function of the protein primary sequence.
Arrows indicate the limits of the six B strands as described in Meunier ef al. (2000). (C) Chemical shift variations observed upon addition of 100 mM
N-formyl-methionine (black bars) or methionine (gray bars). The value of Ad.om, is defined in the text. (E) Chemical shift variations observed upon
addition of 2 mM dACCAAC. (B), (D) and (F) display a space filling representation of IF2 C-2 3D structure (Meunier et al., 2000) color coded

from blue to red according to the intensity of the variation observed in (A), (C) and (E), respectively. (B) also displays the acceptor arm of yeast
Phe-tRNAP ag observed in its complex with T.aquaticus EF-Tu (Nissen et al., 1995) after superimposing IF2 C-2 with domain II of EF-Tu as

indicated in Meunier et al. (2000).

in the interaction with the hexanucleotide belong to the
B1—B> loop (F657, K658, V659, S660), to the 3, strand
(1665, A666) and to the B4—PB5 loop (Y701, K702, D703),
the largest chemical shift changes being observed for
Y701 and K702. These residues are also clustered at
the surface of the protein, in an area contained within
the surface of IF2 C-2 implicated in the binding to
fMet-tRNAMet (Figure 5F) but only partly overlapping
(residues Y701 and K702) with the region interacting with
N-formyl-methionine.

Discussion

It has recently been shown that the site of IF2 responsible
for its interaction with fMet-tRNAMet is entirely located
within the C-terminal 90 amino acid portion of the protein
(Spurio et al., 2000), and the 3D structure of this domain
(IF2 C-2) was determined using multidimensional NMR
spectroscopy (Meunier et al., 2000). The present study
contributes further to our knowledge of the fMet-
tRNAMeIF2 interaction with the demonstration that
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this interaction involves almost exclusively the acceptor
hexanucleotide fMet-3’ACCAAC of the initiator tRNA,
whose affinity for IF2 is no more than two to three times
lower than that displayed by intact fMet-tRNAMe,
Furthermore, taking advantage of the sensitivity of the
NMR spectra to changes of the environment by which
even weak interactions can be monitored, we have shown
that specific, albeit feeble interactions, occur between
IF2 C-2 and N-formyl-methionine, and between IF2 C-2
and 3’dACCAAC. Titrations of IF2 C-2 with these two
ligands, monitored by chemical shift differences of
individual amino acid residues and comparison of the
HSQC spectra of the protein recorded in the presence and
in the absence of fMet-tRNAMet also allowed us to map
the initiator tRNA binding site of IF2 at the level of the
individual amino acid residues. This spectroscopic
approach provided results remarkably consistent with the
parallel study involving extensive random and site-
directed mutagenesis of infB.

Three groups of amino acids directly implicated or at
least selectively affected upon binding of IF2 to fMet-
tRNAMet (Figure 5A and B) were identified by NMR.
These residues belong to specific structural elements of the
protein, namely the B;—f, loop, the 3, and B5 strands, the
edge of the B, strand and the beginning of the B4—f5 loop.
Among these amino acids, seven, grouped in two clusters,
were also shown by site-directed mutagenesis: K699,
R700, Y701, K702 (B4—Bs loop) and E713, C714, Q715
(Bs strand). Concerning the first group of residues, our
results suggest that the positive charges of K699 and K702
(both functionally replaceable by Arg) are necessary for
fMet-tRNAMet binding while R700, which can be partly
replaced by Lys, Gln, Asn and Thr, could act as an H-bond
donor. Finally, the residual activity displayed by the
Y701F mutant hints at an important role of the aromatic
ring or of the hydrophobic properties of Y701.
Interpretation of the mutagenesis data for residues belong-
ing to the second cluster (E713, C714 and G715) is
somewhat less straightforward. Although the NMR data
clearly indicates the involvement of these residues in the
binding to fMet-tRNAMe the binding loss observed
following their substitutions could result from a structural
alteration of the P strand. It is noteworthy, however, that
none of the seven G715X mutants displayed any detect-
able binding to fMet-tRNAMe; this may arise from the
steric encumbrance imposed by larger side-chains.

Three additional residues shown by NMR spectroscopy,
C668, F657 and F721, had previously been subjected to
mutagenesis (Misselwitz et al., 1999; Spurio et al., 2000).
Substitutions of C668 with Asp, Tyr and Arg severely
reduced fMet-tRNAMe binding (Misselwitz et al., 1999),
while the conservative F—>W substitution at positions 657
and 721 had different consequences: the F721W mutant
displayed a reduced affinity for fMet-tRNAMet (3-fold)
unlike the F657W mutant which retained wild-type
activity (Spurio et al., 2000).

Meunier et al. (2000) have recently reported a striking
structural similarity between IF2 C-2 and domain II of
EF-Tu and have proposed that IF2 may interact with the
initiator tRNA in a manner similar to that by which EF-Tu
interacts with the elongator tRNAs. The present results
support this premise, at least to some extent. After aligning
the 3D structures of domain II of EF-Tu and of IF2 C-2, we
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have drawn the acceptor stem of Phe-tRNAPhe as observed
in its complex with Thermus aquaticus EF-Tu (Nissen
et al., 1995) above the structure of IF2 C-2 (Figure 5B). In
this way the phenylalanine is situated above the IF2
residues found to be affected by the addition of N-formyl-
methionine while the acceptor stem of the tRNAP" is in
close proximity to the IF2 residues affected by the DNA
hexanucleotide sharing the sequence of the acceptor arm
of tRNAMet, The similarity between IF2 C-2 and EF-Tu in
their interactions with their respective ligands is somewhat
less satisfactory in other parts of the molecule, however. In
fact, the model proposed in Figure 5B predicts that other
residues of IF2 should also be affected by fMet-tRNAMet,
In particular, while K725 and E726 (corresponding to
R295 and E299 of EF-Tu) should be very close to the 5’
end of tRNAP" (Figure 5B), the NMR data (Figure 5A) do
not support their involvement in the interaction with fMet-
tRNAMet, This could be taken to mean that unlike EF-Tu,
which forms a salt bridge with the 5" end of tRNAF via
R300, IF2 does not interact with the 5" end of initiator
tRNA. Nevertheless, a weak interaction between IF2 C-2
and the 5" end of the initiator tRNA is likely in light of the
increased accessibility of the G,,—C;; diester bond to
RNase T1 induced by IF2 C-2 (Figure 3C) and of the
somewhat higher affinity displayed by IF2 C-2 for the
intact tRNA compared with its 3’ acceptor fragment
(Figure 3B). In conclusion, our data suggest that the
interaction of the initiator tRNA with IF2 C-2, although
overall similar to that observed in the aminoacyl-tRNA—
EF-Tu complexes, might involve a somewhat different
orientation of the acceptor arms of the two tRNAs. Indeed,
a rotation of approximately —45° about the z-axis of the
acceptor arm of fMet-tRNA centered on fMet would
account more satisfactorily for our NMR results
(Figure 5B). As to the reason for the different orientations,
the participation of the three domains of EF-Tu in
aminoacyl-tRNA binding is likely to impose restraints
on the orientation of the acceptor end on domain II; on the
contrary, these restraints are not present in IF2 whose
molecular determinants for the interaction with fMet-
tRNAMet are all confined within IF2 C-2 (Spurio et al.,
2000).

Finally, we should also point out that while the
conformation of the bound state of IF2 C-2 remains
unknown, the identified interacting surface of the domain
comprises the most flexible parts of the protein (the B,—3»
and B4—PB5 loops) and that structural changes or restricted
flexibility may be imposed by the interaction. However,
such conformational changes can only be of restricted
magnitude (Krafft et al., 2000) due to the compactness of
the B-barrel structure of the domain.

Materials and methods

Introduction of unique restriction sites at the 3’ end region
of infB

Three independent modules that can be easily moved in and out of both
mutagenesis and expression vectors were used as targets for localized
mutagenesis within the sequence encoding IF2 C-2. These modules were
generated by oligonucleotide-directed mutagenesis to create three unique
restriction sites within the desired DNA sequence. The wild-type amino
acid sequence of the protein was preserved choosing restriction sequences
corresponding to silent mutations. Oligonucleotides used for this purpose
were: 5dATGAGTGCGGGTTAACGATCAAAA (Hpal site at L716),



5’dCCGGCTGCTACGTAACCGACGGC (SnaBI site at V670) and
5’dTTGCAAAAAATTGATGTCGAA (the C—T transition results in
the loss of the Clal site at D565, thus leaving a single Clal site within
IF2 C at D696). Base changes are indicated in bold and the newly created
restriction sites are underlined. The B.stearothermophilus infB gene
containing the above sequence modifications was named B.st infB H-S-C
and the corresponding expression vector pIM401 H-S-C.

Site-directed mutagenesis

Substitution of individual residues within the sequence of IF2 C-2 was
carried out by site-directed mutagenesis as described previously (Spurio
et al., 2000). The mutations giving rise to the amino acid changes listed
below were introduced in the corresponding DNA modules with
appropriately designed mutagenic oligonucleotides (not indicated here):
K699—-N, LR, T, L, Q, G; R700—-G, Q, L, T, N, K; Y701—>F, N, R, D;
K702—G, Q, R, I, D, E; E713—A, D, K; C714-Y, R, S, K, D, E;
G715-E, V, Y, K, D, P, Q. Introduction of the desired mutations was
confirmed by DNA sequencing and the DNA modules were transferred
into the expression vector to overproduce the mutant proteins, which were
subsequently purified and tested for their fMet-tRNAMet binding capacity
(Spurio et al., 2000).

Preparation of f[**S]Met-3’ ACCAAC fragment and analysis of
the IF2-tRNA interaction

Three hundred picomoles of f[3*S]Met-tRNAMet (2500 c.p.m./pmol)
were digested with 30 U of RNase T1 for 2 h at 37°C in 60 ul of a
buffer containing 20 mM imidazole-HCl, 50 mM NaCl and 1 mM
B-mercaptoethanol at pH 7.5. After the RNase T1 digestion, the tRNA
was used directly in a standard protection assay (Misselwitz et al., 1999);
the amount of intact f[33S]Met-tRNAMet and f[33S]Met-3’ACCAAC
fragment remaining after Tris—HCl catalyzed hydrolysis were resolved on
18% polyacrylamide-urea gel run in a 20 mM MOPS-NaOH buffer at
pH 7.0 and quantified by Molecular Imager.

The time course of the RNase T1 digestion of f[3S]Met-tRNAMet in
the presence or in the absence of IF2 fragments was carried out at 37°C in
35 ul of a buffer containing 20 mM imidazole-HCI pH 7.5, 50 mM
NaCl, 70 mM NH,CI, 3% glycerol, I mM B-mercaptoethanol, 150 pmol
f[>*S]Met-tRNAMet, 6.5 U of RNase T1 (Sigma) and, when indicated,
2 nmol of either IF2 C or IF2 C-2. This time course was monitored
loading 5 pl aliquots on 18% polyacrylamide-urea gel as described
above.

NMR spectroscopy and titration experiments

NMR experiments were carried out on Bruker AMXT/DRX 600
spectrometers operating at 600 MHz 'H frequency. The temperature
was set to 312 K. The protein samples used to study the fMet-tRNAMet
interaction were composed of uniformly SN-labeled IF2 C-2 dissolved in
a 90% H,0/10% D,O solution containing 200 mM KCI and either
50 mM deuterated sodium acetate pH 5.5 or, for the titration experi-
ments, 20 mM KPi (pH 5.2). For these experiments, stock solutions of
L-methionine (Sigma), N-formyl-L-methionine (Sigma) and dACCAAC
(Genset oligos) were prepared in the same buffer at concentrations of 800,
300 and 4 mM, respectively. Titrations with these compounds were
performed by adding increasing amounts of the appropriate stock solution
to a protein sample at an original concentration of 1.5 mM. To study the
interaction of fMet-tRNAMet with IF2 C-2, the spectra of the protein
(0.1 mM) were recorded in the absence and in the presence of 0.05 mM of
tRNA. The 'H/'SN HSQC spectra (Kay et al., 1992) were recorded using
spectral width of 13.3 and 34.5 p.p.m. for the 'H and N dimensions,
respectively. Fourier transformation was applied after gaussian apodiz-
ation and zero filling to yield 1024 X 256 2D matrices. Data processing
and spectral analysis was performed using the program Felix 97.0 (MSI,
San Diego). Peak intensities were estimated by measuring the peak
volumes. Chemical shift variations were monitored using an index Ad¢omp
defined as % - pnN(OWASH)YE) - unn®2. The weighting factors @y,
were chosen so that ON/OpN = Rgeale With Rgege being defined as
suggested in Mulder ef al., 1999. Ry, = On/Opn Where Oy and gy are
the amide nitrogen and proton chemical shifts average variances observed
for the common amino acid residues (excluding proline) in proteins.
Using data deposited in the BioMagResBank (URL http://www.
bmrb.wisc.edu), a value of 6.5 for Ry, irrespective of the amino-acid
type, is found.

The fMet-tRNAMet binding site of IF2
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