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Abstract—A ribosomal protein of the L25 family specifically binding to 5S rRNA is an evolutionary feature of bacteria.
Structural studies showed that within the ribosome this protein contacts not only 5S rRNA, but also the C-terminal region
of protein L16. Earlier we demonstrated that ribosomes from the ∆L25 strain of Escherichia coli have reduced functional
activity. In the present work, it is established that the reason for this is a fraction of functionally inactive 50S ribosomal subunits. These subunits have a deficit of protein L16 and associate very weakly with 30S subunits. To study the role of the contact of these two proteins in the formation of the active ribosome, we created a number of E. coli strains containing protein
L16 with changes in its C-terminal region. We found that some mutations (K133L or K127L/K133L) in this protein lead to
a noticeable slowing of cell growth and decrease in the activity of their translational apparatus. As in the case of the ribosomes from the ∆L25 strain, the fraction of 50S subunits, which are deficient in protein L16, is present in the ribosomes of
the mutant strains. All these data indicate that the contact with protein L25 is important for the retention of protein L16
within the E. coli ribosome in vivo. In the light of these findings, the role of the protein of the L25 family in maintaining the
active state of the bacterial ribosome is discussed.
DOI: 10.1134/S0006297916010028
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A great body of data regarding ribosome formation
and function has been accumulated over 50 years of study.
Crystallographic studies of ribosomes and their functional complexes have made a significant contribution to
understanding of these processes [1-9]. However, the
roles of most ribosomal proteins and their intermolecular
contacts in the function of the translation apparatus are
still poorly explored. Evolution of the ribosome structure
of different organisms additionally complicates understanding of their roles. Thus, ribosomes of contemporary
organisms contain 60-80 proteins: among them, only 34
are conserved in all domains of life, while the others are
evolutionary acquisitions of Archaea, Bacteria, or
Eukarya [10, 11].
5S rRNA-binding ribosomal protein L25 from
Escherichia coli and its homologs, the L25 protein family
[12], are features of the bacterial translation apparatus. At
the same time, a gene for this protein is found in the
majority but not in all bacteria [11, 13]. One of the repre-

sentatives of the family, protein CTC from Bacillus subtilis, is only temporarily associated with the ribosome, as
it is synthesized in the cell only under stressful conditions
[14, 15]. Moreover, it was shown that even protein L25 of
E. coli is not essential for survival of the cells [16, 17]. It is
known from structural data that protein L25 of E. coli (or
the 5S rRNA-binding domain of its homologs) occupies
an isolated position in the central protuberance of the 50S
subunit and does not make direct contact with translation
ligands (tRNA, mRNA, and protein factors) [1-9, 18].
This might give the impression that a protein of the L25
family is not required for the functioning of the bacterial
ribosome. However, we showed that, although E. coli cells
lacking protein L25 (∆L25 strain) survive, they grow significantly more slowly than the control cells, and their
ribosomes are less efficient in protein synthesis in vivo and
in vitro [17]. These results indicate that this protein is still
required for efficient ribosome functioning, but they do
not reveal its precise role.
Until recently, it was believed that protein L25 interacts only with 5S rRNA within the E. coli ribosome.
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Crystallographic studies of bacterial ribosomes revealed a
contact of the protein of the L25 family with protein L16,
in which the C-terminal tail of the latter participates [1, 2,
19]. The first reports indicating that protein L16 could be
a key component of the ribosome appeared 30 years ago.
Thus, it followed from results on the reconstruction of 50S
ribosomal subunit in vitro that protein L16 is very important for the formation of a number of functional sites of
the subunit and its conformational changes upon assembly
[20-22]. Later, it was shown that L16 is one of the proteins
that are strictly required for survival of E. coli [16].
Structural studies of the bacterial ribosomes mostly confirmed the conclusions made earlier, revealing extensive
contacts of protein L16 with important regions of 23S
rRNA and a direct contact with A-site tRNA [1, 2, 6]. At
the same time, we recently showed that the presence in the
ribosome of protein L25 mutant form, which is unable to
bind 5S rRNA, affects positively the activity of the translation apparatus in vivo [23]. Therefore, it was assumed
that protein L25 has an indirect effect on the functional
activity of the E. coli ribosome via the contact with protein
L16. In the present work, we found the reason for the
reduced efficiency in protein biosynthesis of ribosomes
from the ∆L25 strain and tested the effect of some mutations in the C-terminal region of protein L16 on the formation of functionally active bacterial ribosomes in vivo.

MATERIALS AND METHODS
Strains and microbiological methods. Standard
microbiological techniques described in [24] were used in
this work. Growth characteristics as well as activity of the
translation apparatus of the cells of each strain were estimated based on results of 3-4 independent experiments.
Each measurement was done three times, and the relative
error of the measurements did not exceed 5-7%. For βgalactosidase analysis, cells were grown to A600 = 0.2, and
production of the enzyme was induced by addition of isopropyl-β-D-thiogalactopyranoside to 1 mM. Accumulation of the enzyme in the culture was detected by the
color reaction of the conversion of 2-nitrophenyl-β-Dgalactopyranoside. The β-galactosidase activity was normalized to the cell mass [24]. Strains used or created in
this work are presented in Table S1 in the Supplement
(see Supplement to this paper on the site of the journal
(http://protein.bio.msu.ru/biokhimiya) and on the site of
Springer (Link.springer.com)). Oligonucleotides used in
the work are listed in Table S2 in the Supplement. The E.
coli cells were grown at appropriate temperature in LB
medium supplemented with 10 µg/ml chloramphenicol
when needed.
Introduction of point mutations into the chromosomal
gene for protein L16. Directed changes into the E. coli
chromosome were introduced by the “recombineering”
technique [25]. First, a DNA cassette was obtained by

two-step PCR using KOD Hot Start DNA Polymerase
(Novagen, USA). The DNA cassette was composed of the
open reading frame (ORF) of the rplP gene or its mutant
form, a 12-nt spacer (carrying the regulatory Shine–
Dalgarno sequence), and the ORF of the chloramphenicol acetyltransferase gene (cat), as well as short (∼40 nt)
sequences on the 5′- and 3′-ends that are homologous to
the regions flanking the rplP gene in the chromosome and
are required for the subsequent recombination. In the first
step, the ORF of the cat gene was amplified. The DNA of
strain KNB800 (Table S1 in the Supplement) was used as
the template in PCR. The forward primer was AI 01-F for
creation of the control strain (wild-type L16) and L16K133L-F for the strain with the K133L mutation in L16
(Table S2 in the Supplement). In both cases, the reverse
primer was AI 02-R (Table S2). In the second step, the
ORF of the rplP gene or its mutant form was amplified.
The DNA of strain MG1655 (Table S1) was used as the
template in PCR. The forward primer was AI 03-F (Table
S2). The reverse primer was the PCR-product obtained in
the first step. To prepare strains containing protein L16
with mutations K127A or K127L/K133L, we used a modified scheme for creation of the DNA-cassette. In the first
step, the ORFs of the cat and rplP genes were amplified
separately in two different PCRs. To amplify the ORF of
the rplP gene, we used primers AI 03-F and L16-X-R
(where X is the corresponding mutation) (Table S2) and
the DNA of strain MG1655 as template (Table S1). To
amplify the ORF of the cat gene, we used primers AI 02R and L16-X-F (where X is the corresponding mutation)
(Table S2) and the DNA of strain KNB800 as template
(Table S1). The primers L16-X-F and L16-X-R are complementary to each other; thus, the 3′-end of the PCRproduct with the ORF of the rplP gene was complementary to the 5′-end of the PCR-product with the ORF of
the cat gene. In the second step, the full-length DNAcassette was amplified, wherein the PCR products
obtained in the first step annealing to each other were
used as template. The forward primer was AI 03-F; the
reverse primer was AI 02-R (Table S2). The resulting
DNA cassettes were recombined into the chromosome of
cells of strain DY330 [25]. Selection was carried out on
LB-agar in the presence of chloramphenicol. Checking
and sequencing of the rplP locus were performed by PCR
with primers rplP-check-F and rplP-check-R. After that,
mutant alleles were transferred into the chromosome of
strain MG1655 (Table S1) by bacteriophage P1 transduction as described [26]. Strain AMrB01 containing allele
rplP-1::cat (wild-type rplP ORF) (Table S1) was used as a
control in all experiments.
Preparation of ribosomes and ribosomal subunits.
Ribosomes from cells of control and mutant strains were
obtained according to published procedures [27, 28] with
modifications described in [17, 23]. Samples of ribosomes
were obtained from the crude cell extract S30 by centrifugation at 290,000g at 4°C for 3-4 h (10 mM Tris-HCl, pH
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7.5, 10 mM MgCl2, 0.2 mM EDTA, and 3 mM 2-mercaptoethanol (buffer A) with 100 mM NH4Cl). In some
experiments, the concentration of MgCl2 in buffer A was
increased to 20 mM. For additional purification, ribosomes were centrifuged at 290,000g at 4°C for 5-6 h
through 30% (w/w) sucrose prepared in buffer A with
500 mM NH4Cl. To separate 70S ribosomes and dissociated ribosomal subunits, samples of the ∆L25 ribosomes
and the ribosomes containing mutant protein L16 were
centrifuged at 87,000g at 4°C for 13-14 h in 10-30%
(w/w) sucrose density gradients prepared in buffer A with
100 mM NH4Cl. Active subunits from the fraction of the
70S ribosomes were obtained by technique described in
[28]. All samples of ribosomes and ribosomal subunits
were kept in buffer A with 100 mM NH4Cl and 10% glycerol at –70°C.
Analysis of ribosomes and ribosomal proteins.
Analysis of distribution of ribosomal particles in samples
of ribosomes and cell extracts S30 was performed by centrifugation at 270,000g at 4°C for 80 min in a 5-20%
(w/w) sucrose gradient prepared in buffer A with 100 mM
NH4Cl. Experiments on the association of ribosomal subunits were performed as follows. Equal amounts of 30S
and 50S subunits were mixed in buffer A containing
100 mM NH4Cl and varying concentrations of MgCl2 (325 mM) and incubated at 37°C for 30 min. Then, the
mixtures were analyzed by centrifugation in 5-20% (w/w)
sucrose gradient as described above. Ribosomes were
treated with puromycin according to published procedures [29, 30]. To release peptides from ribosomes, crude
cell extract S30 was incubated for 15 min at 37°C in buffer
B (20 mM Tris-HCl, pH 7.5, 10 mM MgCl2, 150 mM
NH4Cl, 3 mM 2-mercaptoethanol, 0.2 mM EDTA) with
1 mM puromycin. As a control, crude extract was incubated in the same manner but without puromycin. Then
the samples were analyzed by centrifugation in the
sucrose density gradient as described above. Translation
of luciferase mRNA in vitro was performed according to a
published technique [31] with modifications described in
[17]. To analyze the protein composition of ribosomes,
2D gel electrophoresis (system IV) was used as described
in [32].

RESULTS AND DISCUSSION
Changing properties of E. coli ribosomes due to lack
of protein L25. Earlier, we showed that ribosomes from
the cells of ∆L25 strain contain all of the proteins except
for L25, and their subunits are present predominantly in
the associated form [17]. However, as shown in the same
work, the ∆L25 ribosomes are considerably less efficient
in protein synthesis than control ribosomes, both in vivo
and in vitro. In the present work, detailed analysis of the
properties of the ribosomes from the ∆L25 strain revealed
the basis of their reduced functional activity. To do this,
BIOCHEMISTRY (Moscow) Vol. 81 No. 1 2016
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ribosomes from the mutant and control strains were purified from cell components using standard methods (see
details in “Materials and Methods”). We found that the
purified ribosomes from the ∆L25 strain contain a significant amount (from 40 to 50%) of dissociated subunits, in
contrast to the control ribosomes (Fig. 1a). In addition,
the 50S subunits from this fraction have a defect that hinders their association with 30S subunits into ribosome
even at high concentrations (over 20 mM) of Mg2+ (Fig.
1b). Since ∆L25 ribosomes have reduced functional
activity [17], it was logical to assume that the indicated
fraction of 50S subunits causes this. Therefore, we compared the functional activity of the 70S fractions from
both control and ∆L25 ribosomes in vitro. As seen in Fig.
1c, in contrast to the total sample of ∆L25 ribosomes, the
70S fraction of these ribosomes is practically of the same
efficiency in polypeptide synthesis as the control sample.
To determine the reason for functional inactivity of the
part of the ∆L25 ribosomes, the protein composition of
the defective 50S subunits was analyzed. It turned out
that these 50S subunits have a deficit of protein L16 (Fig.
1d), unlike the active 50S subunits isolated from the 70S
fraction (Fig. 1e) containing this protein in about
equimolar amount. As previously shown in a number of
experiments on reconstruction of 50S subunits in vitro,
protein L16 is critical for the formation of the functionally active bacterial ribosome [20-22]. Therefore, we conclude that the inactive fraction of the 50S subunits lacking protein L16 is indeed the reason for reduced functional activity of the ribosomes isolated from the ∆L25
strain. However, this result gives rise to a number of new
questions. First, if these defective 50S ribosomal subunits
are present in cells, why was it not detected in the cytoplasmic fraction in our previous work [17]? Second, are
these defective subunits assembled in the cell or do they
become inactive during functioning? Third, is protein
L16 present in the defective 50S subunits before purification?
It was previously found that after gentle disruption of
bacterial cells, a major part of the ribosomes in the crude
cell extract remains associated with mRNA and peptidyltRNA (so-called “charged” ribosomes) [29, 30, 33].
These ligands increase the stability of the associated ribosomal subunits. We assumed that in the crude cell extract
this defect of the ribosomes from ∆L25 strain could be
masked by translation ligands. Puromycin treatment of
the charged ribosomes is known to lead to release of peptides that, in turn, weakens the contact of deacylated
tRNA and mRNA with the ribosome [29, 30, 34]. Wildtype bacterial ribosomal subunits remain in the associated state after such treatment [30, 33]. We tested the effect
of puromycin on the stability of the association of the
ribosomes in the crude cell extract of the ∆L25 strain
(Fig. 2a). It is seen that ∆L25 ribosomes contain a minor
amount of free subunits before puromycin treatment.
After such treatment, in contrast to the control ribo-

22

ANIKAEV et al.

b

c

А260

1
2
50S*
30S

70S ribosomes, %

70S
80
1
2

60
40
20

0

Sedimentation

5

10

15 20

25

Luciferase activity, kcps

a

1
2

1800
1500
1200
900

3

600
300
0

10

20

2+

[Mg ], mM

d

30 40
Time, min

50

60

e

Fig. 1. Properties of ribosomes from the ∆L25 strain of E. coli. a) Sedimentation profiles of purified ribosomes of control (1) and ∆L25 (2)
strains. b) Effect of Mg2+ concentration on the association of ribosomal subunits. For the analysis, subunits from the fraction of dissociated
(50S* and 30S) ∆L25 ribosomes (1) and subunits of wild-type ribosomes (2) were used. с) Synthesis of luciferase in the E. coli cell-free translation system containing 70S fraction of the control (1) and ∆L25 (2) ribosomes or total preparation of the ∆L25 ribosomes (3). d, e) Analysis
of protein composition of defective (50S*) and active (from 70S fraction) 50S ribosomal subunits from the ∆L25 strain, respectively. The positions of proteins L16 and L25 are indicated on the electrophoregrams.

somes, almost half of the ∆L25 ribosomes dissociate into
subunits. This sedimentation profile is very similar to the
profile of ∆L25 ribosomes after standard purification
(Figs. 1a and 2a). We analyzed the protein composition of
the 50S subunits dissociated after treatment of ∆L25 ribosomes with puromycin (Fig. 2b). These subunits, as well
as the defective subunits after purification (Fig. 1d), are
deficient in protein L16. It is most likely that the fraction
of the defective 50S subunits loses protein L16 before
their isolation and purification. Furthermore, in the cytoplasmic fraction most of these subunits are found in 70S
ribosomes containing peptidyl-tRNA. Thus, the defect of
50S subunits is masked in the cytoplasmic fraction.

Considering these results, it is unlikely that the 50S subunits having this functional defect could be formed during assembly and then involved in translation. Therefore,
our findings suggest that the loss of functional activity of
the 50S subunit of ∆L25 ribosomes can occur in the
process of translation, generating a fraction of arrested
ribosomes.
It follows from structural studies of the bacterial
ribosomes that several amino acid residues of the C-terminal tail of protein L16 may be involved in the interaction with protein L25 (Fig. 2c) [1, 2, 19]. At the same
time, protein L16 has many contacts (via more than half
of its surface) with high molecular weight rRNA in the
BIOCHEMISTRY (Moscow) Vol. 81 No. 1 2016
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ribosome of all domains of life [1, 2, 6, 19, 35, 36]. Most
of these contacts are within the functionally important
helices 89 (the helix which is adjacent to the peptidyl
transferase center) and 38 (A-site finger) of the 23S rRNA
(Fig. 2c). According to crystallographic and biochemical
data, the function of the ribosome is accompanied by
conformational changes in the structure of its components [2-9, 37-42]. In particular, such changes were
found in helices 38 and 89 of 23S rRNA upon interaction
of the bacterial ribosome with translation factors.
Therefore, taking into account our data, we suggest that
rRNA conformational rearrangements in the translating
ribosome of the ∆L25 strain weaken the intermolecular
contacts of protein L16 that, in turn, leads to release of
this protein from the ribosome.
Effect of mutations in the C-terminal region of protein
L16 on its retention in the ribosome. The data give rise to
a reasonable question: does a rather small area contact
between proteins L25 and L16 contribute significantly to
the retention of the latter in the ribosome? In this section,
we attempt to answer this question. It was decided to
check how changes in the contact region of these proteins
would affect the formation and function of the ribosome
in vivo. Within the E. coli ribosome, polar atoms of the
main chain of one of the β-sheets of protein L25 and
atoms of the side groups of K127, K133, and T134 of the
C-terminal tail of protein L16 can be involved in the formation of H-bonds between the indicated proteins [1]
(Fig. 3a). In this situation, changes in the indicated
region of protein L25 could affect the formation of its tertiary structure. At the same time, mutations in the flexible
tail of L16 should not affect its spatial structure.
Therefore, changes were introduced into protein L16. To
exclude at once several intermolecular H-bonds and most
efficiently hinder the approach of the L16 C-terminal
region to protein L25, we decided to replace K127 and/or
K133 in protein L16 by a massive hydrophobic residue of
leucine (Fig. 3a). The indicated lysine residues were also
replaced by alanine as an additional control. Using the
“recombineering” approach, the wild-type gene of protein L16 (rplP) was replaced by its mutant form. It turned
out that the single mutation K127A in protein L16 has
practically no effect on the growth characteristic of the
cells (Fig. 3b). At the same time, the single mutation
K133L or double mutation K127L/K133L in protein L16
results in a noticeable (25 or 35%, respectively) slowing of
cell growth (Fig. 3b). The changes in the cell growth agree
well with the data on functional activity of their ribosomes in vivo (Fig. 3c). These data suggest that the
changes introduced into protein L16 are reflected directly on the activity of the translational machinery of the
bacterial cell.
Taking into account these results, the properties of
the ribosomes of two mutant strains containing ribosomal
protein L16 with replacement K133L or K127L/K133L
were analyzed (Fig. 4). It is seen that in contrast to the
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Fig. 2. Effect of puromycin on properties of ribosomes in crude
cell extract (S30) of E. coli ∆L25 strain. a) Sedimentation profiles
of ribosomes from S30 of the ∆L25 strain before (1) and after (2)
puromycin treatment. The profile of ribosomes from wild-type
strain after puromycin treatment is presented as a control (3). b)
Analysis of protein composition of 50S subunits (50S*) appearing
after incubation of S30 of the ∆L25 strain with puromycin. The
positions of proteins L16 and L25 are indicated on the electrophoregram. c) Model of a part of the structure of the central
protuberance of the ribosome. Ribosomal proteins, 5S rRNA,
and helices of 23S rRNA discussed in the text are indicated. The
structure of the E. coli ribosome (PDB code 2AW4) was used to
build the model.
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Fig. 3. Effect of mutations in protein L16 on E. coli cell growth
and properties of their ribosomes. a) Contact area of proteins L16
and L25 in the E. coli ribosome (PDB code 2AW4). At the top of
the figure, the amino acid sequence of the C-terminal region of
protein L16 is presented, in which residues that form hydrogen
bonds with protein L25 are marked in gray. b) Growth of cells
containing protein L16 with mutations: K127A (1), K133L (2), or
K127L/K133L (3). The strain bearing wild-type protein L16 (4)
was used as a control. Doubling time (in minutes) of a given strain
is indicated on the right from the symbol in parentheses. c)
Functional activity of ribosomes of the strains in vivo (designations as in panel (b)). Activity of β-galactosidase is presented in
Miller units.

Fig. 4. Effect of mutations in C-terminal region of protein L16 on
properties of E. coli ribosomes. a) Sedimentation profiles of the
ribosomes from crude cell extract (S30) of wild-type strain (1) and
the strain containing protein L16 with mutation K133L (2). b)
Analysis of protein composition of 50S subunits from ribosomes of
wild-type strain (left panel), active subunits from 70S fraction
(middle panel) and defective (50S*) fraction (right panel) of ribosomes from mutant (K133L) strain (corresponding fragments of
2D-electrophoregrams are presented). The arrow marks the position of the mutant protein L16. c) Sedimentation profiles of ribosomes from S30 of the wild-type strain (1) and the strain containing protein L16 with mutation K127L/K133L (2). d) Analysis of
protein composition of 50S subunits from ribosomes of the wildtype strain (left panel), active subunits from 70S fraction (middle
panel), and defective (50S*) fraction (right panel) of ribosomes
from the mutant (K127L/K133L) strain. The arrow marks the
position of the mutant protein L16.

BIOCHEMISTRY (Moscow) Vol. 81 No. 1 2016

E. coli PROTEIN L25 AND ACTIVITY OF RIBOSOMES in vivo
preparation of the ribosomes from the control strain in
which the amount of dissociated subunits is usually less
than 10%, in the analogous preparations of both mutant
strains the fraction of dissociated subunits is noticeably
more (∼20-25%) (Fig. 4, a and c). At the same time, the
amount of dissociated subunits that can be already
observed in the cytoplasmic fraction of the mutant strains
(Fig. 4, a and c) changes slightly after the standard purification of the ribosomes or upon using high concentration
of Mg2+ (20 mM) in the solution during their isolation
(see details in “Materials and Methods”). These results
indicate that, in contrast to the ribosomes from the ∆L25
strain, these mutant ribosomes contain a fraction of
weakly associating subunits even before their purification.
Besides that, the double mutation in protein L16 leads to
a higher effect than the single mutation (Fig. 4, a and c).
We analyzed the protein composition of the 50S subunits
from the fractions of the 70S ribosomes and the dissociated subunits. As seen in Fig. 4, b and d (middle panel), in
the 70S fraction the large ribosomal subunits contain proteins L16 and L25 in about equimolar amount. At the
same time, when comparing the electrophoregrams of the
control and the mutant samples (left and middle panels)
it is noticeable that the changes introduced into protein
L16 lead to a corresponding change in its mobility. These
findings suggest that both studied mutant forms of protein
L16 could be effectively incorporated into the ribosome in
vivo. Moreover, these mutant forms of protein L16 are
retained tightly in most of the purified and dissociated
into subunits ribosomes. At the same time, as seen in the
right panels of Fig. 4, b and d, the fraction of defective
50S subunits from both mutant strains has a significant
lack of protein L16. Furthermore, the effect of the double
mutation in protein L16 is considerably more than that of
the single mutation.
Thus, the mutations in the C-terminal region of protein L16 as well as the absence of protein L25 in the bacterial cell lead to appearance in the ribosomes of a fraction of defective 50S subunits lacking protein L16. These
results indicate that the contact between proteins L25 and
L16 is important for the retention of the latter in the ribosome in vivo. At the same time, as seen from the presented results, the amount of the defective 50S subunits
detected in the ∆L25 ribosomes is significantly more than
in the ribosomes containing mutant protein L16. This difference might be explained by the by the size of the
changes introduced into the ribosome: in one case, point
changes in one of the proteins, and, in another case, deletion of the whole protein. In the absence of protein L25,
the corresponding region of the ribosome could become
more accessible to solvent molecules that, in turn, could
lead to destabilization of the intermolecular contacts of
protein L16.
It was assumed earlier that the protein of the L25
family appeared in the bacterial ribosome for additional
stabilization of a functionally important region including
BIOCHEMISTRY (Moscow) Vol. 81 No. 1 2016
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the 5S rRNA, helix 38 of the 23S rRNA, and protein L16
(Fig. 2c) [13]. It is known from structural data that helix
38 of high molecular weight rRNA and E-loop of the 5S
rRNA form an extensive evolutionarily conservative contact in the ribosome of all domains of life [1, 2, 19, 35,
36]. In archaeal and eukaryotic ribosomes, this
RNA–RNA contact is stabilized by three proteins – L10e
(L16 homolog), L21e (a homolog in bacteria has not been
found), and L30, which interact simultaneously with
structural elements of both rRNAs [35, 36]. Bacterial
homologs of two of these proteins are smaller and form
tight contacts only with one of the ribosomal RNAs [1, 2,
11, 13, 19]. However, the bacterial ribosome acquired the
protein of the L25 family, which interacts with the E-loop
of the 5S rRNA and the C-terminal region of protein L16
[13]. Moreover, the contact area of protein L16 is significantly greater with multi-domain members of the L25
family (e.g. Thermus thermophilus and Deinococcus radiodurans) than with the single-domain protein L25 of E.
coli [1, 2, 19]. In addition, the multi-domain protein of
the L25 family forms a direct contact with helix 38 of the
23S rRNA. Thus, based on the results of the structural
studies, the protein of the L25 family should make a significant contribution to formation and stability of the
functionally important structural region of the bacterial
ribosome mentioned above. The results of this work confirm this assumption.
The authors are grateful to A. P. Korepanov for providing the ∆L25 strain of E. coli, and to S. V. Nikonov and
O. S. Nikonov for fruitful discussion of the results.
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