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1. Introduction

The initiation factor IF-3 plays an important role
during the initiation step of protein biosynthesis in
£ coli and other organisms (see ref. [1] for a review),
although its exact mode of action is still under
investigation.

In an accompanying paper {2] the existence of at
least two forms is described which differ in their
electrophoretic mobilities and their molecular weights.
It is not yet clear how these forms (IF-3€ and IF-3s)
are related to two other forms (IF-3a and IF-38)
reported previously [3,4].

As shown by the protein-chemical methods
illustrated in this paper the various forms of IF-3
differ in their N-termini. The long form, IF-3¢,
consists of 181 amino acids whereas the short form,
IF-3s, has only 175 amino acids: the first six amino
acids of IF-3% are absent in IF-3s. In addition to these
two main forms, the existence of at least one minor
form has been shown which differs from IF-32 by
the absence of the first amino acid only, namely
M-monomethylmethionine.

2. Materials and methods

2.1. Isolation of the different forms of [F-3

E. coli K cells were ruptured by grinding with
alumina and the ribosomes pelleted by centrifugation.
After dialysis against | mM Mg®'the subunits were sepa-

rated by zonal centrifugation in Beckman Ti-15 rotors.

Proteins were extracted from 30 S subunits and
separated by CM-cellulose chromatography as des-
cribed previously [S]. The IF-3s protein eluted
somewhat earlier from the CM-cellulose column than
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IF-3Q and was separated from the coeluting ribosomal
protein S16 by gel filtration on Sephadex G-100 in
15% acetic acid. The isolated proteins were checked
for their purity by two-dimensional gel electrophoresis
[6] and stored in 1% acetic acid at —20°C until
lyophilisation before use. All protein samples needed
for the determination of the primary structure of

IF-3 were kindly provided by Dr H. G. Wittmann.

2.2. Enzymic digestions

The proteins were digested with trypsin pretreated
with TPCK (1-chloro-4-phenyl-3-tosyl-amidobutan-2-
one) at pH 7.8, at 37°C for 4 h. Digestion with
Staphylococcus aureus protease [7] from Miles
Biochemicals (Frankfurt/Main) was made in 0.1%
ammonium acetate buffer, pH 4.0, at 37°C for40 h
and with thermolysin (Serva, Heidelberg) at pH 7.5,
at 50°C for 90 min. Details of the enzymic digestion
procedures have been described previously [8—10].
Digestion with carboxypeptidase C (Boehringer,
Mannheim) was performed by a modified procedure
[11] at pH 5.3, at 50°C for various lengths of times
up to 45 min.

2.3. Modified enzymic digestions

The proteins were reversibly modified with ETPA
(Exo-cis-3, 6-endoxo-a*tetrahydrophthalic anhydride)
by protecting the e-amino groups of the lysine residues
[12] and then digested with TPCK-trypsin. Modifica-
tion of the arginine residues with 1,2 cyclohexandione
and tryptic digestion was made by a slight variation of
the procedure described in ref. {13].

2.4. Chemical digestion with CNBr
Cleavage of IF-3 with CNBr was done for48 h at
room temperature in the dark as described [14].
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2.5. Isolation of peptides

The fingerprint technique on cellulose thin-layer
plates [8,10] gave information about the number and
the amino acid composition of the peptides. The
separation of peptides on a preparative scale was
made either by gel filtration on Sephadex G-50 (super-
fine, 140 X 1 ¢cm) in 10% acetic acid [10] or on a
micro-column of Dowex M71 (0.3 X 10 cm) at 55°C
using pyridine formate gradients [10,15]. The fractions
were examined either photometrically or by spotting
aliquots of every second fraction onto cellulose
thin-layer plates. Fractions containing more than one
peptide were further subjected to chromatography,
electrophoresis or the fingerprint technique on thin-
layer plates.

2.6. Amino acid analyses

Analyses of protein samples and of peptides were
performed on a Durrum D-500 and on a LKB-Biocal
3201 analyser, as described previously [10,16].For
determination of cysteine the proteins or peptides
were oxidized with performic acid before acid hy-
drolysis. The presence of tryptophan was tested by
amino acid analysis after hydrolysis with methane
sulphonic acid [17] and by spraying of fingerprint
plates with p-aminobenzaldehyde [18].

2.7. Methods for sequencing
The amino acid sequences were determined by the
following methods:

(a) Automated Edman degradation [19] of intact

proteins in an improved Beckman sequenator [20].

(b) Solid-phase sequencing [21] with attachment of
the C-terminal carboxyl groups to amino—poly-
styrene resins [22,23] and with attachment of
the N-terminal and side-chain amino groups to
aminopropyl—glass [24,25].

(¢) Manual Edman degradation combined. with dansy-
lation of the free N-terminal amino acid residue
after each degradation step [26].
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The determination of aspartic acid, glutamic acid and
their amides was achieved by converting the released
2-anilino-5-thiazolinone derivatives to the phenyl-
thiohydantoin derivatives followed by identification
with chromatographic [20] or electrophoretic methods
[10,27]. In cases where the identification after dansy-
lation was uncertain and also for quantitative determina-
tions, the free amino acids were liberated from their
2-anilino-5-thiazolinones or phenylthiohydantoin deri-
vatives by hydrolysis and identified on an amino acid
analyser.

3. Results and discussion

3.1. Sequence analysis of IF-3%

The protein sample containing IF-3% was subjected
to digestion with various proteases and to chemical
cleavage with CNBr. The resulting peptides were iso-
lated and sequenced as illustrated in fig.1. Furthermore,
automatic Edman degradation was performed with the
intact proteins in an improved Beckman sequenator.
Combination of all results which will be described in
detail elsewhere led to the primary structure of IF-3%
as shown in fig.1. The longest form IF-3% consists of
181 amino acid residues, with the amino acid compo-
sition of NMM,, Asps, Asng, Thrs, Ser;, Glu,g, Glngs,
PI'O';, Gly14, A].alo, CyS;, Valls, Met6, Ileu, Leu14, Tyr3,
Phes, His;, Lysso and Arg; s Its N-terminal amino
acid was determined as M-monomethylmethionine
(NMM) from amino acid analyser data [28] and by
mass spectrometry of the PTH-derivative.

During these studies it became clear that the protein
sample contained, besides IF-32 as the major form,
also a minor form, called IF-3%', which differed from
IF-3¢ only by the absence of the first amino acid,
namely M-monomethylmethionine. This was shown by
the isolation and sequence analysis of several peptides
lacking the N-terminal amino acid (fig.2). Automatic
Edman degradation gave two amino acids in each step:
one main spot for IF-32 and a minor spot for IF-3¢’.
Since the two forms differ in only one neutral amino

Fig.1. The primary structure of IF-3¢ from Escherichia coli. (SQ) Liquid-phase Edman degradation in a modified sequenator.
(——) Means unambiguously identified residue by thin-layer chromatography. (T) Tryptic peptides. (ET) Tryptic peptides after
blocking the lysines by ETPA. (A) Tryptic peptides after blocking the arginines by 1,2 cyclohexandione. (SP) Peptides from
digestion with Staphylococcus protease. (TH) Peptides from thermolysin digestion. (CNBr) Peptides resulting from CNBr

cleavage. (Case C) Carboxypeptidase C digestion.
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Fig.2. N-Terminal sequences of the different forms IF-3¢, IF-3¢, IF-3s of the initiation factor from Escherichia coli For abbrevia-

tions see fig.1.

acid, i.e., they contain 181 or 180 amino acids, a
separation between them could not be achieved by
chromatographic or electrophoretic methods; even not
by two-dimensional gel electrophoresis [2}.

3.2. Sequence analysis of IF-3s
Analogous sequence studies as described for IF-3%

were also done with the protein sample containing IF-3s.

The sequenator runs with this protein resulted in the
following order of amino acids: Val—Gln—Thr—Ala—
Arg—Pro—Asn ... This sequence is identical with that of
IF-3¢, beginning at position 7, i.e., the first six amino
acids of the IF-3Q protein chain are absent in IF-3s
(fig.2). Comparison of the fingerprint maps obtained by
tryptic digestion of each of the two forms also showed
no other difference between them. The conclusion that
both forms have identical sequences (except the N-ter-
minal region) is strengthened by the finding that no

peptides were found which differed between the two
forms and that treatment of IF-3% and IF-3s with
carboxypeptidase C released the same amino acids in
both cases. All these results support the finding that
IF-3s differs from IF-3% only by the lack of the first
six amino acids (fig.2).

One protein sample contained (besides IF-3s as the
major form) a minor form whose sequence starts
with Arg—Val—GIn—Thr—Ala—Arg—Pro—Asn. . ., as
shown by a sequenator run; i.e., the first five amino
acids of IF-3% are absent in this minor form. Further
studies are necessary to study the frequency of this
minor form.

3.3. Molecular weights

The molecular weights of the two main forms,
IF-3% and IF-3s, are 20 668 and 19 997, respectively.
These chemical molecular weights are approximately
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Fig. 3. Prediction of the secondary structure of protein IF-32. In the upper part the predictions are given according to four
different methods. Turns or loops are indicated by (......) (#). g-Structure is indicated by (— — —) (8). a-Helix is indicated by (—)
(). In the lower part the histograms of turns or loops (TU), extended structure (EX) and helix (HE) configurations are presented.
In the last line, denoted by ‘PRE’, the average prediction when at least 3 methods are in full agreement, is given:

( Jl,— ) turn or loops, (W— ) extended structure, (—/6'\— ) helix regions.

10% lower than those determined by SDS gel
electrophoresis [1]. However, it is a general experience
that the latter technique often results in molecular
weight values for basic proteins, e.g., ribosomal
proteins, which are somewhat too high.

3.4. Structure comparison with ribosomal proteins
To test the possibility that there exist structure
homologies between IF-3 and ribosomal proteins, the

primary structure of IF-3¢ was compared by a com-
puter programme with those of 25 E. coli ribosomal
proteins whose amino acid sequences have been com-
pletely determined. Besides a number of tripeptides,
only eight tetrapeptides and no peptides of longer
lengths were found to be identical in IF-3¢ and any
of the ribosomal proteins. This represents a relatively
low degree of sequence homology and can easily be
explained on a random basis [29].

3.5. Secondary structure
The knowledge of the amino acid sequence of a
protein allows the prediction of its secondary
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structure. Four computer programmes [30,31] were
used to predict the secondary structure of IF-3¢
according to four different methods [32—37], and
the results are shown in fig.3. There is a reasonable
agreement among the four methods; the resulting
secondary structure was predicted (‘PRE’) according
to at least three programmes resulting in the same
conformation. The values for the a-helix content of
IF-32 range from 34—37%, for B-structure from
6—8%, for turns (or loops) from 15—17%, and for
random coil from 40—43%. Experimentally deter-
mined values as obtained from circular dichroism
studies on IF-3 are 27% for a-helix and 18% for
B-structure [38]. This is in relatively good agreement
with the predicted values mentioned above.
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