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Minireview

The L7/LL12 ribosomal domain of the ribosome: structural and
functional studies
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Abstract The L7/L12 protein forms a functionally important
domain in the ribosome. This domain is involved in interaction
with translation factors during protein biosynthesis. The tertiary
and quaternary structure of the L7/L.12 protein was established
as a result of intensive studies in solution and in the ribosome.
The conformational changes of L.7/1.12, the elongation factors
Tu and G and other ribosomal proteins were traced by different
experimental techniques. These changes occur upon interaction
of the ribosome with the elongation factors and depend on GTP
hydrolysis in accordance with the functional states of the
ribosome.
© 1997 Federation of European Biochemical Societies.
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1. Introduction

E. coli ribosomes are the most studied protein-synthesizing
ribonucleoprotein complexes (for review see [1]). It is difficult
to attribute a specific and precise functional role to any indi-
vidual ribosomal component in such a complicated assembly.
An exception is the L7/L12 protein. It forms a well defined
domain in the ribosomes. This domain is involved in interac-
tions with translation factors during protein biosynthesis and
many conformational changes take place in the ribosomal
components in this case.

L7/L12 was one of the first proteins isolated from 508 ri-
bosomal particles [2]. It was named L7/L12 protein according
to Berlin’s nomenclature [3,4]. This protein is present in two
forms: L12 has a free N-terminus while L7 has aminoacylated
N-terminal serine. Both proteins are acidic but they differ
slightly in their isoelectric points [5]. Because of the close
similarity they are often referred to in the literature as the
L7/L12 protein. It is now commonly accepted that there are
four copies of L7/L12 per ribosome [6,7].

Similar acidic proteins are found in the large ribosomal
subunits of archaea [8], eukaryotes [9] and all eubacteria.
Archaebacterial and eukaryotic proteins are homologous to
each other, but show little homology to eubacterial L7/1.12
proteins, though they are related to eubacterial protein by
different physical and functional criteria [10].

The L7/L12 protein forms a clearly defined morphological
feature in the E. coli 50S ribosomal subunit which is called the
L7/L12 stalk or protuberance [11]. The outcome of intensive
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physico-chemical and functional studies of L7/1.12 in solution
and in ribosomes is the subject of the present minireview.

2. Structural studies of the L7/L.12 protein

2.1. Primary structure

L7 and L.12 comprise 120 amino acids each, have a molec-
ular mass of 12200 Da and isoelectric points of 4.70 and 4.85,
respectively [12]. The protein lacks tyrosine, tryptophan, his-
tidine, and cysteine, and contains about 25% of alanine. There
are three methionine residues in positions 14, 17 and 26.

2.2. Aggregate states in solution

Sedimentation equilibrium experiments in solution without
denaturing agents give a molecular mass value of about 24
kDa, however in denaturing conditions it is about 12 kDa
[13]. The dimer state of L7/L12 in conventional solutions
was confirmed later by high speed sedimentation. The molec-
ular mass calculated from sedimentation (s=1.57) and diffu-
sion (D =5.5) coefficients was estimated to be about 24 kDa
[14,15]. Stable dimers and four copies of L7/L.12 in the ribo-
some suggest that further association could exist with other
ribosomal components. It was shown that protein L8 is a
complex of L7/L12 with the L10 protein [16]. This complex
can be formed in vitro and its stoichiometry is 4 mol (two
dimers) of L7/L12 to 1 mol of L10 [17,18]. Oxidation of me-
thionine residues in L7/L12 with hydrogen peroxide [14,15]
causes disruption of the protein dimer and leads to its mono-
mer state in solution. The monomer does not interact with the
L10 protein.

2.3. Secondary and tertiary structure

The circular dichroism spectra revealed a high content of
the o-helical structure (55-60%) and about 20% of the B-
structure in the L7/L12 dimer [15,19,20]. These results are in
general agreement with theoretical evaluations of the secon-
dary structure in the protein [21,22].

Oxidized L7/L12 and its 27-120 fragment have 40-45% of
the residues in the helical conformation [14,15] and do not
form dimers, but the fragment 1-73 is capable of dimerizing
[15] and binding to the ribosome [23]. These data have shown
the essential role of the N-terminal sequence for L7/L12 di-
merization.

Thermal denaturation studies of the L7/1.12 dimer, oxidized
(monomer) protein and that of the 27-120 fragment revealed
heat absorption peaks in all these samples. The coincidence
between the enthalpy values for the oxidized protein and its
27-120 fragment suggested a globular conformation of the L7/
L12 C-terminal part. It follows from proton magnetic reso-
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Fig. 1. Topology of secondary structure elements of the L7/L12
dimer [37)].

nance data that the Phe-54 residue must be in an internal
hydrophobic environment within C-terminal structure, while
the Phe-30 residue participates in protein dimerization [24].
The relatively high radius of gyration indicates an elongated
shape of the dimer [25,26]. On the basis of these data a model
of the spatial structure of the dimer was suggested [14], where
the N-terminal sequence takes part in the L7/L12 dimer for-
mation and the C-terminal (50-120 residues) parts are glob-
ular. The tertiary structure of the C-terminal part (for residues
53-120) was determined at a resolution of 2.6 A [27] and later
refined at 1.7 A [28].

Various arrangements of the subunits in the L7/L12 dimer
have been proposed, antiparallel (head-to-tail orientation) [13]
and parallel [29]. Additional details of the structure of the L7/
L12 protein were obtained by NMR studies. It was shown
that identical amino acids in N-terminal sequences have
equivalent environments. Consequently, the N-terminal struc-
ture of the L7/L12 dimer is a symmetrical one [30].

Physical studies of L7/L12 in situ have shown that some
segment of its sequence has a highly flexible structural element
[31,32]. The NMR resonance signals from the L7/L.12 globules
are clearly seen in the spectra of the 70S ribosomes, 50S sub-
units and in the L7/L12-L10 complex [31,33]. The size and
location of this flexible region (hinge) was determined by
the NMR method. The hinge is comprised of residues 37-50
[34].
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More details on the N-terminal structure were revealed by
site-directed mutagenesis [35,36]. Oxidation of L7/L12 with
Val-38/Cys-38 mutation occurs very easily with air oxygen
or with 5',5'-dithiobis(2-nitrobenzoic acid), and the Cys-38
mutant with the disulfide bond is active in reconstituted 70S
ribosomes [36]. This suggests a parallel (head-to-head) orien-
tation of monomers in the L7/L12 dimer. Recent NMR stud-
ies established the spatial arrangement of all the secondary
structure elements of the L7/L12 dimer [37] (Fig. 1).

From the data cited above, the tertiary structure model of
the L7/L12 dimer can be described as a dimeric protein with
three domains, where the N-terminal parts of both monomers
comprising residues 1-37 form a four-helix bundle. The C-
terminal domain is formed by two associated globules, each
including residues 50-120. The N- and C-terminal domains
are connected with flexible strings of residues 38-49.

3. Functional studies

The site that stimulates G factor-dependent GTP hydrolysis
is located on the 50S subunit [38]. Ribosomes depleted of L7/
L12 [39,40] have a decreased ability to interact with the elon-
gation factors. Reconstitution of the G factor-induced
GTPase can be done after readdition of L7/L12. Selective
depletion of L7/L12 from the S0S subunits suggests that the
protein is not strongly bound to the ribosome. The L7/L12
protein is also essential for interaction with the initiation
[41,42] and termination [43] factors. The fragment 1-73 of
the L7/L12 protein prevents binding of intact L7/L12 to the
ribosomes and blocks the in vitro translation [23,44]. Thus,
the N-terminal part of the protein is not only responsible for
its dimerization (see Section 2.3), but contributes also to its
interaction with the ribosome.

A study of spin-labelled ribosomes indicated high mobility
of some part of L7/L12 [45]. This fact was supported by
fluorescence experiments and the data suggested that ribo-
some-bound tRNA can cause structural changes in the ribo-
some [46]. NMR studies of the protein in situ have shown that
the C-terminal domain has somewhat independent mobility
[31]. The flexible region 38-50 (see Section 2.3) provides the
means for such mobility [34,47]. This unique property of L7/
L12 is functionally important. The mobility is inhibited by the
binding of elongation factor G to the 70S ribosome [48].

The functional importance of the flexible region (hinge) was
further studied by site-directed mutagenesis [49-51]. All the
mutated proteins were expressed from plasmids and the ribo-
somes isolated from cells contain mutated L7/L12: this indi-
cates that the mutated proteins can bind to the ribosome.

The deletion of amino acids from the hinge has a more
pronounced effect than their insertion [50]. Reconstitution of
50S subunits deprived of wild type L7/L12 with deletion mu-
tants A44-52 and A38-52 produce virtually inactive ribo-
somes, while the insertion mutant (with 14 added amino acids)

Table 1
Trypsin sensitivity of the L7/L12 protein in ribosomal complexes
with elongation factors

Ribosomes with L7/L12 cleavage

aa-tRNA, Tu, GMPPNP no
aa-tRNA, Tu, GDP, kirromycin yes
G, GMPPNP yes
G, GDP, fusidic acid no
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give functionally active subunits. On the other hand, the ac-
tivity of L7/L12 with a substituted hinge region containing an
arbitrary amino acid sequence does not differ from the wild
type L7/L12 [50]. From these data, it was concluded that the
length of the interdomain region, but not its amino acids
composition, has a crucial effect on the protein function in
ribosomes.

Since elongation factor G blocks mobility of the L7/L12 C-
terminal domain in ribosomes, conformational changes can
occur in this complex. Limited proteolysis was used as a
tool to follow conformational changes in the ribosomes
upon their interaction with the elongation factors.

Two main states can be distinguished at interaction of the
G-factor with ribosomes: before and after GTP-hydrolysis.
The state prior to GTP hydrolysis can be modelled with an
uncleavable analogue of GTP and after such hydrolysis this
can be done with GTP and fusidic acid [52]. In both cases the
G factor is bound to the ribosome (for details see [53]). Two
equivalent states exist for the ribosomal complex with elonga-
tion factor Tu [54]. It was found that the L7/L12 protein is
digested in ribosomes in the pre-GTP-hydrolysis state, where-
as L7/L12 is trypsin-resistant in the ribosomal complex in the
post-GTP-hydrolysis state [55]. It is noteworthy that the ac-
cessibility of L7/L12 to proteolysis is reversed in the ribosome
with elongation factor Tu (Table 1). This change of the L7/
L12 sensitivity to trypsin correlates with the consecutive bind-
ing of elongation factors to the ribosome [56]. Factor Tu
binds to the ribosome, leaving L7/L12 protease-resistant as
in free ribosomes. After Tu-dependent GTP hydrolysis L7/
L12 changes its conformation and is sensitive to digestion.
L7/L12 is accessible to trypsin after factor G binding, i.e.
before G-dependent hydrolysis of GTP. After such hydrolysis
the protein conformation is restored, L7/L12 becomes trypsin-
resistant, and the ribosome is ready for a new cycle.

These data suggest that conformational changes in the L7/
L12 protein are induced upon interaction of elongation fac-
tors with ribosomes and that such changes occur depending
on the functional states of the ribosome. At the same time, the
accessibility of other proteins to proteases is also changed.
Some of them, S6, S7, S15, S18, S19 and L9, are located far
from the ribosomal factor-binding center [56]. The varying
accessibility of these proteins to proteases cannot be explained
by their direct interaction with elongation factors. On the
grounds of these data it was suggested that interaction of
the G and Tu factors with the L7/L12 domain (possibly in-
cluding some part of the ribosomal RNA [57]) invokes struc-
tural changes in ribosomal subunits. Hence, L7/L12 forms an
allosteric ribosomal domain and GTP regulates different
stages of the factor-depending reactions.

The L7/L.12 C-terminal globule has a conserved surface [28]
which can be a functional site for proper interaction with the
translation factors [23,28,58]. However, the elongation factors
themselves have to bind or release the ribosome with a certain
conformation. The results of the proteolysis study show that
the digestion rates of the elongation factors and, apparently,
their conformation depend on the nature of the bound li-
gands. Furthermore, the factors in the GTP conformation
are more stable to proteases than in the GDP one, and their
interaction with ribosomes is accompanied by changes in their
structures. The conformation of the G factor after binding to
the ribosome is stabilized, whereas that of the Tu factor is
destabilized [59]. These facts together with the results pre-
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sented in Table 1 suggest that there is a difference in the
way the factors interact with L7/L12 and the ribosome. The
Tu interaction leads to the ribosomal conformation which is
ready for the G interaction and vice versa.

The recently solved structures of the elongation factors with
different ligands have shown large conformational changes in
these complexes and stimulated discussion on the molecular
mechanisms of the translation process (for review see [60]).
Experimental data cited in the review show that many changes
occur in the ribosomal components upon interaction of the
factors with the ribosome. Altogether, these achievements en-
courage new approaches to studying the protein synthesizing
machinery.
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