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1. Introduction

The isolation and characterization of mutants with
altered ribosomal components can give a better
insight into the structure, function, genetics and bio-
genesis of ribosomes. Since the early studies in this
direction [1] many more mutants in which at least
one ribosomal protein is altered have become avail-
able [2—5]. Mutants have been found with alterations
in any one of almost all of the 53 proteins present in
the E. coli ribosome.

Here, we describe protein—chemical investigations
on two E. coli mutants in which protein S6 is altered
and on one mutant with an altered protein S7. All 3
mutant proteins differ not only in their amino acid
compositions but also in their lengths from the corre-
sponding wild-type proteins.

2. Materials and methods

Ribosomes, their subunits and the altered proteins
from mutants VT45 and N731 were isolated.accord-
ing to [6]. The isolation of the altered protein of
mutant VT158 was done as in [7]. The purity of the
isolated proteins was checked by two-dimensional gel
electrophoresis according to [8].

Proteins were cleaved with TPCK-treated tryp-
sin (from Merck) or Staphylococcus aureus pro-
tease (V-8 from Miles). Carboxypeptidases A and B
(Worthington) were used for determination of the
C-terminal amino acids. Peptides were separated by
fingerprinting on thin-layer plates (Polygram CEL
300; Macharey and Nagel, Diiren) as in [9]. They
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were sequenced by the dansyl-Edman method [10]
in a modified form [11]. Amino acid analyses were
done on a Durrum D-500 analyzer. The N-terminal
regions of the proteins were sequenced in an improved
Beckman sequenator as in [12]. More details of the
protein—chemical methods are given in [13].

3. Results

3.1. Mutant VT45

This mutant was isolated from the E. coli A19
strain VT which shows a novel type of streptomycin
dependence. Streptomycin-independent isolates from
the strain VT contain a great variety of altered ribo-
somal proteins as shown by two-dimensional gel
electrophoresis [3]. One of these streptomycin-
independent isolates was mutant VT45 which dif-
fered from its parent strain VT with respect to pro-
tein S6. As revealed on the electropherogram (fig.1)
protein S6 from mutant VT45 was much less acidic
than protein S6 from the parent strain VT since it
migrated less to the anode in the first dimension. It
also differed from S6 of strain VT with respect to
the shape of the S6-spot on the electropherogram:
the S6-spot of VT45 was round whereas that of VT
is elongated. The reason for this difference will be
discussed below.

Protein S6 of mutant VT4S was digested with
trypsin. All tryptic peptides were isolated, and their
amino acid compositions were determined. The only
difference between protein S6 of mutant VT45 and
that of the wild-type strain [7] was found to be in
peptide T1 which is the C-terminal tryptic peptide
of protein S6. The mutant peptide contained one
lysine residue more and ~3 glutamic acid residues less
than the corresponding wild-type peptide T1.
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Fig.1. Two-dimensional gel electropherogram of 30 8 ribo-
somal proteins of mutant VT45. Position of wild-type S6 is
indicated by the outline and the spot of altered S6 is arrowed.

This finding indicated that the difference between
the mutant and the wild-type protein was located at
the C-terminus. In order to isolate a shorter C-termi-
nal pepiide than the irypiic pepiide T1 for sequence
analysis, protein S6 was digested with Staph. aureus
protease (SP). After isolation of ail SP-peptides their
amino acid compositions were determined. The only
peptide which was different between mutant and
wild-type protein S6 was the C-terminal peptide SP9.
This result confirmed the conclusion drawn from the
analysis of the iryptic peptides: the difference
between mutant and wild-type S6 was located at the

C-terminus

[E=2 101 L0 T

Peptide SP9 was sequenced manually by the
micro-dansyl-Edman method giving the sequence:
Ala—Gly—Asp—Ser—Lys—Glu. This differed from
peptide SP9 of the wild-type protein S6 (see section
4):

(i) The mutant peptide contained 1 sine instead of

the wild.tuna
th

a chutamic acid residue presen e wild-type

a glutamic acid residue present
peptide in this position;

(ii) The mutant peptide was much shorter than the
wild-type peptide SP9. It consisted of 6 amino
acids only, whereas the wild-type peptide SP9
contains 7—10 amino acids due to the heteroge-

neity of wild-type protein S6 at its C-terminus [7].

The heterogeneitv of protein S6 is the reason for the

2% LA EWRITILY D2 PROIVAL DU L5 LAV ITASUAL AU uib

elongated shape of the S6-spot on the two-dimen-
sional electropherogram (fig.1). Since the mutant
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Fig.2. Two-dimensional gel electropherogram of 30 S ribo-
somal proteins of mutant VT15R8. Position of wild-type S§

is outlined and the spot of altered S6 is arrowed.

protein S6 was homogeneous it showed a round spot,
typical also of all other E. coli ribosomal proteins.
3.2 znvxumru }"T}Sg

The origin of this mutant was similar to that of
mutant VT45, being also derived from E. coli A19
strain VT as a streptomycin-independent mutant [5].
In contrast to VT45 whose ribosomal protein S6
migrates as a round spot more slowly to the anode
than S6 of the parental strain, protein $6 of mutant
VT158 showed an elongated spot and moved some-
what faster to the anode (fig.2). This indicated the

mutant protein was more acidic than unlrl.fvnp and

had heterogeneity comparable to the wild-type pro-
tein S6.

After isolation of protein 586 from mutant VT158
it was digested with trypsin and all tryptic peptides
were isolated. According to the fingerprint and the
amino acid analyses the only difference between

mutant and unld.ﬂrna nrotein wae the C.terminal

aaseian QG Wailey proliil Was it Lmitiiililiar

tryptic peptide Tl Whlch had at least one glutamic
acid residue more in the mutant than in the wild-type
protein.

Protein S6 from the mutant was digested with
Staph. aureus protease. The resuiting SP-peptides
were separated and their amino acid compositions
determined. The analyses confirmed that protein

S6 of the mutant differed from that of the wild-type
at the C-terminus. Three peptides (SP9—SP11) with



Volume 121, number 2

an increasing number of glutamic acid residues were
found: SP9 corresponded to the sequence Ala—Gly—
Asp-—Ser—Glu (pos. 126—130); SP10 (pos. 126—134)
had 4 Gluresidues more than SP9;and SP11 (pos.
126—136) had at least 2 Glu-residues more than
SP1Q. Therefore peptide SP11 contained at least 7
Glu-residues at its C-terminus, i.e. the mutant pro-
tein was at least one glutamic acid residue longer
than the wild-type protein (see section 4). This was
confirmed by electrophoresis of ribosomal proteins
of mutant VT158 and parental control VT in a two-
dimensional gel system modified so that the several
molecular species of protein S6 migrated to separate
positions [14]. Using this system, not only was the
S6 of mutant VT158 seen to be more acidic than
wild-type, but the number of discrete spots was at
least one more. This is what would be expected if
protein S6 of mutant VT158 had more glutamic

acid residues at the C-terminus than usual.

3.3. Mutant N731

This mutant was derived from £, coli K strain
N729, isolated as a nek-mutant with resistance to
neomycin and kanamycin [15]. N729 differed from
its parental strain with respect to protein S6 as shown
by polyacrylamide gel and cellulose acetate electro-
phoresis [16].

Protein-chemical analysis has shown that protein
S6 from the mutant N729 terminates at pos. 131
whereas the wild-type protein chain continues
beyond this position [7]. During the cultivation of
mutant N729 in our laboratory it gave rise to a new
mutant, designated N731, which differed from N729
by a drastically altered protein S7 (H. G. Wittmann,
unpublished): the position of the altered protein 87
on the two-dimensional electropherogram was
indistinguishable from that of protein S$7 from the
B-strain of £. coli although N729 is a K-strain (fig. 3).
As described {17] E. coli B- and K-strains differ in
proteins S5 and S7. The difference in protein S5 is
caused by a replacement of only one amino acid
[18,19] whereas that in protein S7 is much more
drastic: protein 87 from E. coli B is 24 amino acids
shorter than 87 from E. coli K [20].

Since protein S$7 of the F. coli K mutant N731
was indistinguishable from S7 of E. coli B on the
electropherogram the question arose whether the
sequences of both S7-proteins were identical. There-
fore, protein S7 from mutant N731 was purified and
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Fig.3. Two-dimensional gel electropherogram of 30 S ribo-
somal proteins of mutant N731. Position of wild-type 87 is
outlined and the spot of altered S7 is arrowed. Protein S6
is also altered in this mutant.

digested with trypsin. The tryptic peptides were
isolated and their amino acid compositions were
determined. All peptides of S7 from N731 were
identical to those of $7 from E. coli B whereas no
peptides were found which corresponded to the
region of 24 amino acids by which S7K is longer
than S7B [20]. Furthermore, amino acid analyses and
treatment with carboxypeptidases of the $7-protein
isolated from mutant N731 and S7B gave indistin-
guishable values within the experimental error. These
results show that the mutation leading to the dif-
ference in S7 between the wild-type strains K and B
can also occur spontaneously in the laboratory. This
spontaneous mutation from a long to a short form
of the protein S7 has been observed also in other
mutants than N731 ([21]; E.R.D,, K. Isono, unpub-
lished). In this context it is interesting that ribosomal
protein S7 from other species of Enterobacteriaceae,
e.g., Salmonella, Shigella, Serratia and Erwinia
resembles B-type S7 rather than K-type 87 [22],

so these mutants represent a reversion to the gener-
ally prevailing form of S7.

4. Discussion
The appearance of E. coli wild-type protein S6
as an elongated and not (as in the case of the other

proteins) a round spot on the two-dimensional gel
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electropherogram indicated a heterogeneity of the
S6-protein chains. This heterogeneity was directly
demonstrated by protein-chemical analysis which
revealed a variable number of glutamic acid residues
at the C-termini of the S6-protein chains [7]. The
heterogeneity is caused by an enzymatic and post-
translational addition of glutamic acids at the C-ter-
minus of protein S6 [23].

A comparison of the C-termini of proteins S6 from
the E. coli wild-type and from mutants analyzed
here and in [7] gave the following results:

126 130 135
W.T.: -Ala~Gly-Asp-Ser-Glu~Glu=(Glu-Glu-Glu~Glu)
VT158: -Ala~Gly-Asp-Ser-Glu~Glu=-(Glu-Glu-Glu~Glu~Glu)
N729: -Ala~Gly-Asp-Ser-Glu-Glu
VT45: -Ala~Gly-Asp-Ser-Lys~Glu

It has been shown [24] with several S6 mutants,
including strain N729, that there is a mutation in the
gene for the enzyme which post-translationally adds
glutamic acids to the C-terminus of protein S86.

This mutation inactivates the enzyme, resulting in a
lack of Glu-residues beyond pos, 131 of S6. It is
interesting that this enzyme can apparently add more
Glu-residues in mutant VT158 than in the wild-type.
However, it cannot add Glu-residues to the C-ter-
minus of mutant VT45, where there is a lysine instead
of a glutamic acid residue in pos. 130, the penulti-
mate residue, Obviously, more work on the three-
dimensional structure of protein S6, is necessary

to understand these observations in more detail.
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