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1. Introduction

E. coli ribosomes consist of three RNA species
and 55 proteins, all of which have been isolated and
characterized by chemical, physical and immuno-
logical methods (for recent reviews see [1-3]).
From immunochemical studies with antisera
against individual proteins from both ribosomal
subunits, it was concluded [3—5] that there are no
extensive sequence similarities among the ribosomal
proteins with the exception of two pairs of proteins,
namely L7/L12 and $20/L26.

Much more detailed information concerning
possible homologous regions among the ribosomal
proteins can be obtained from investigations on the
primary structures of these proteins. Studies in our
laboratory, and in collaboration with other groups,
have so far resulted in the sequence determination of
more than 3300 of the approx. 8000 amino acid
residues present in the £. coli ribosome. This paper
summarizes the results obtained by systematic
searching for identical regions among these E. coli
ribosomal proteins for which sequences are available.
Identical regions consisting of three to six amino
acids were found to be present within these proteins
with a much higher frequency than could be
expected on a random basis. However, no identical
regions longer than six amino acids occur among
the proteins investigated, except in the pairs
S20/L26 and L7/L12.

2. Materials and methods

2.1. Nomenclature
The amino acids in the figures are abbreviated

14

according to the one-letter code proposed by the
IUPAC-IUB Commission on Biochemical Nomen-
clature [6].

2.2. Compared sequences

The amino acid sequences from a total of 50
ribosomal proteins (table 1) were used for the
comparison in this paper. So far the primary
structures of 14 proteins have completely been
determined and those of a further 8 proteins are
almost complete. For the remaining proteins, partial
sequences, mainly obtained from sequenator
degradations, are available (table 1).

2.3. Searching for identical regions

For the sequence comparison described in this
paper the DEC system 10 (Digital Equipment
Corporation), located at the Fritz-Haber-Institute of
the Max-Planck-Gesellschaft in Berlin-Dahlem, was
used.

3. Results and discussion

The number of amino acids whose sequences were
determined in our laboratory and in collaboration
with other groups amounts to more than 3300, i.e.
approx. 40% of the total number of amino acid
residues present in both subunits of E. coli
ribosomes. The comparison based on these data can,
therefore, be regarded as representative for the whole
situation a final analysis of which clearly has to
await the complete determination of the primary
structures of all the E. coli ribosomal proteins.

North-Holland Publishing Company — Amsterdam



Volume 61, number 1 FEBS LETTERS January 1976

Tabie 1
Data used for the sequence comparison of E. coli ribosomal proteins

Protein Sequenced Sequence Ref. Protein Sequenced Sequence Ref.
amino acids completed amino acids completed

S1 20 - 29 LS 40 - 28

S2 35 - 27 L6 27 - 29

S3 48 - 27 L7 120 + 13

S4 203 + 7 L9 46 - 29

S5 160 +) 21 L10 46 - 29

S6 i35 + 8 Li2 120 + i3

S7 32 - 2 113 46 - 28

S8 109 + 9 L14 55 - 29

59 128 + 10 L15 46 - 29

S10 42 - 2 L16 25 - 29

Sti 32 - 27 L17 35 - 28

S12 110 +) 27,22 L18 117 + 14

S13 71 - 27,30 L19 16 - 29

S14 36 - 27 L20 50 - 28

S1§ 85 +) 27,22 L21 45 - 29

S16 56 +) 27,23 L22 60 - 28

Si7 97 +) 27,24 L23 50 - 28

S18 74 + 11 L24 55 - 27,28

S19 72 *) 27,24 L2§ 94 + 15,16,28

S20 88 ) 27,25 L26 43 - 29

S21 70 + 12 L27 84 + 17,28

L1 47 - 28 L29 63 + 18,28

L2 40 - 28 L30 58 + 19

L3 32 - 28 L32 56 + 20

L4 38 ) - 29 L33 50 +) 26,29

+ : sequence completed

(1)« caoauence almast comnlatad
vy - SCQUCHCT aiiniost COMPICKh

: sequence partially known

3.1. Identical tripeptides almost identical positions of two protein chains is
Systematic sea_rchmg for identical regions not limited to the N-terminal regions; for instance

comprising three amino acids (“tripeptides’) among the tripeptide Glu—Ala—Gly is present in positions

the proteins listed in table 1 resulted in a high 112—114 of proteins L7/L12 and of protein L18

number of tripeptides (approx. 600) most of which (as well as occurring in positions 125—127 of

occur in two proteins. However, a few tripeptides, protein S6).

e.g. Lys—Ala—Gly, are present in up to nine proteins The probability for the tripeptides to occur

and further in some of the proteins, the identical - in the various proteins by chance varies between

trinentides are located at the same amino acid 107 101073 ie. a given fnnnnhdp would he

TLAPLPLIUCS Qliv i0laclu at U v anunv aliG L L 3 2% & Bl Priut yvuuiw v

positions of the protein chain. An example of the
latter situation is provided by proteins S6 and L17,
whose sequences both begin with Met—-Arg—His,
whereas this sequence was not found at all in any
other protein. The same is true for the N-terminal
tripeptide Ala—Thr—Val in proteins S2 and S12,

as well as for Ala—L ys—Leu in proteins L1 and

cil as faia 200 A1 PIOICENS L2

L5. However, the occurrence of tripeptides at

expected to occur on a random basis in one out of
101000 proteins of the same amino acid
composition and length as the protein under
consideration. The probability that two identical
tripeptides are located by chance at identical (or
almost identical) positions of two protein chains

is even lower (see below)
18 eve (see beiow).



Volume 61, number 1

FEBS LETTERS

January 1976

Table 2

Tetrapeptides occurring in three proteins

peptide protein positions protein positions protein positions
Lys—Ala— Ala—Val S8 21- 24 L22 42- 45 L23 44 - 47
Gly—Lys—Val-Lys L14 50- 353 L24 22- 25 L27 64 -67
Ala—Lys—Phe—Val S7 23- 26 S13 60- 63 L1 35-38
Ile—Arg—Glu—Lys S4 142-145 L1 10- 13 L33 4- 7
Val-Glu—Lys—Ala S17 92- 95 S19 18- 21 L18 54 - 57
Leu—Arg—Lys—Ala S9 97 -100 S9 117-120 L10 40-43

3.2. Identical tetrapeptides

The search for identical tetrapeptides among the
proteins listed in table 1 gave the following results:
each of 97 tetrapeptides was found in two or more
proteins. 91 of them are present in only two
proteins (data not shown) whereas six tetrapeptides
occur in three proteins (table 2).

By considering the amino acid positions at which
the tetrapeptides are located in the various proteins,
it was found that each of 16 tetrapeptides is
present at an almost identical position in at least
two proteins. The peptide Lys—Ala--Ala—Val
occurs not only at almost identical positions in two
proteins, namely positions 42—45 of protein L22
and positions 44—47 of L23, but also in a third
protein, S8, although in this case at a different
position (table 2).

One can calculate the probability for each of the
97 identical tetrapeptides to occur on a random basis
in the proteins in which they were found. These
probabilities are different for each tetrapeptide,
since they depend on the number of residues and the
amino acid composition of the protein in which a
given tetrapeptide is found. The probabilities which
were calculated for each of the 97 tetrapeptides
(data not shown here) range from 1072 to 107%,
with a few exceptions. The value for a given peptide
represents the probability that a tetrapeptide with
this sequence occurs by chance and in any position
within the protein concerned. The probability that
the tetrapeptide is located at a specified position of
the protein chain is lower than the value given above,
by a factor which depends on the length of the
protein. It is between 20 and 200 for the proteins
listed in table 1.

16

The probability that a given tetrapeptide occurs
independently in two (or more) proteins by chance
is the product of the probabilities for its occurrence
in each of the two (or more) proteins. This calculation
will be illustrated for the tetrapeptide Lys—Ala—Ala—
Val which was found in three proteins. The calculated
probability for its occurrence in protein S8 is
8.6 X 1073, in protein L22is 2.1 X 107% and in
protein 123 is 2.1 X 1072, Therefore the probability
that this tetrapeptide occurs by chance in all three
proteins is only 3.8 X 107¢. This very low value
becomes even smaller with the additional
restriction that this tetrapeptide occurs in two
proteins, namely L22 and L23, at almost identical
positions (table 2). Calculations for the random
occurrence of other tetrapeptides in three proteins
gave similar results.

3.3. ldentical pentapeptides

Each of ten pentapeptides was found in two
proteins as listed in table 3, which also gives the
probabilities for the occurrence of the penta-
peptides on a random basis. A calculation for the
pentapeptide Asp—Asp—Ala—Glu—Ala, similar to
that made above for the tetrapeptide Lys—Ala—
Ala—Val, results in a probability of 2.6 X 107®
for the random occurrence of this pentapeptide in
two proteins. Here again the chances are very low
that the experimental finding can be explained as
a random phenomenon.

3.4. Identical hexapeptide

The largest identical region found in two
proteins is the hexapeptide Val--Val—Ala—Asp-
Ser—Arg present in proteins L10 and S16. The
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peptide protein p/167° protein p/1g-3
Asp— Asp-Ala-Glu—Ala S6 1.2 L7/112 2.2
Thr-Val-Lys—Gly—Gly Ss 1.1 S9 0.3
Leu—Gly—Leu—Arg—Arg S15 1.3 130 0.3
Ala—Ala— Ala— Ala—Val L7/L12 40.0 L18 9.4
Ala- Val--1le— Lys—Ala L7/L12 4.8 1.20 1.2
Val-1Ile— Arg—-Glu—Lys S4 0.5 L1 0.1
Lys—Ser—Val-Glu—Glu S5 0.4 L29 0.2
Glu-—- Leu— Arg—Lys—Ala S9 0.6 LiD 0.4
Val-Glu—Lys— Ala—Val S17 0.7 S19 0.3
{Asp)—Gly—Lys—Val-Lys Li4 0.3 127 0.6

p: Probability of finding the peptide in any position of the protein.
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Fig.1. Similarities in the structures of £. coli ribosomal proteins. The amino acids are abbreviated according to [6].
Structurally related amino acids in corresponding positions are underlined, e.g. I (Ile) and L (Leu) or K (Lys), R (Arg)
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probability that this peptide occurs in the two
proteins by chance is extremely low, namely
9.1 X 1079, This value does not even take into
account the fact that the hexapeptide occupies
similar positions in the amino acid sequence of
the two protein chains.

3.5. Patterns of similarity

As mentioned above, identical regions up to a
size of six amino acids were found in pairs of
proteins. In some of these protein pairs, identical
or similar regions occur at several points. The most
pronounced example is the pattern of similar
regions among proteins S6 and L7/1.12 as
illustrated in [8]. Additional, although weaker,
patterns of similarity are shown in figs.1 and 2.
These patterns can in many cases only be arranged
if one ‘shortens’ or ‘stretches’ the intervening
non-homologous regions. It is interesting that
structure similarities exist between the N-terminal
and C-terminal regions of some proteins as
illustrated in fig.1.

It is difficult at the present time to make
correlations between the structural similarities
among ribosomal proteins on the one hand and
other known properties of these proteins, e.g.
involvement in certain functions of the ribosomes,
on the other. Nevertheless, there is no doubt that

similarities in the primary structure of some proteins,

as shown in this paper, occur at much higher
frequency than can be expected on a random basis.
Considering the various factors which determine

whether a protein region is recognized as an antigenic

determinant (minimal size, amino acid composition,
spatial structure, individual specifity, etc.; for a
review see reference [31] one could expect that

21 24 31 3i
S8 &

133 47

32 35
L23

69 72 87 90
S8 [VVAE—@a®
A 7 25 28
L10 a3V V Alp
Fig.2. Identical peptides in two pairs of proteins, in which

the positions of the peptides along the protein chain are
inversed.
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the degree of sequence homology described here
would lead to only rare, if any, cross-reaction
among most ribosomal proteins. This is in
agreement with the results from immunochemical
studies [3-5].
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