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1. Introduction 

Protein L24 from the large subunit of the 
Escherichia coli ribosome belongs to a group of 6 
proteins (L3, L13, L17, L2 1, L22 and L24) which are 
present in a ribonucleoprotein core obtained after 
controlled trypsin and ribonuclease digestion of 50 S 

subunits [l]. A similar group of 6 proteins (L3, L4, 
L13, L20, L22 and L24) are important for the forma- 
tion of an early intermediate in the course of the 
assembly of the 50 S subunit [2]. A detailed analysis 
demonstrated that L24 plays no role in the late 
assembly and is not involved in the functions of the 
mature 50 S subunit [3]. 

The binding of protein L24 to 23 S RNA [4] has 
been studied in some detail [S], and it has been 
found that it binds to the first 550 nucleotides at 
the 5’-end of the 23 S RNA [6,7]. 

As determined by hydrodynamic studies protein 
L24 has a globular shape [8]. According to immuno- 
electron microscopy studies protein L24 is situated in 
the angle formed by the central and the right lateral 
protuberances of the large subunit in close proximity 
to the binding sites of proteins L32 and L33 [9]. 

In this paper the complete primary structure of 
protein L24 is given together with predictions of its 
secondary structure. The methods which led to the 
sequence elucidation of this protein are briefly 
summarized. Furthermore, a comparison of the L24 
sequence with known structures of other ribosomal 
proteins is made. The knowledge of the primary 
structure of protein L24 is the basis for further 
protein chemical analyses, e.g., on mutants which 
show alterations in protein L24 [lo,1 I]. 

2. Materials and methods 

Protein L24 was isolated from 50 S subunits of 
E. coli strain K12 as in [ 121. The protein samples 
were provided by Dr H. G. Wittmann. The purity of 
the protein was checked by two-dimensional gel 
electrophoresis [ 131. 

Tryptic digestions of this protein were per- 
formed in 0.1 M N-methyl-morpholine acetate buffer 
(pH 8.1) at 37°C for 12-24 h. The lyophilized digest 
was dissolved in 10% acetic acid and the soluble 
peptides were separated by: 
(i) Two-dimensional fingerprint technique on thin- 

layer sheets [ 141; 
(ii) By column chromatography on SE-cellulose 

(30X 1.5 cm) [15]; 
(iii) On Sephadex G-50, superfine (120 X 1 cm) 

in 10% acetic acid [ 161; 
(iv) On a Dowex 50 (M7 1) micro column 

(90 X 2 mm) at 50°C in dilute pyridine formate 
gradients [16,17]. 

The peptides in the fractions of ‘the columns were 
detected by thin-layer chromatography of appro- 
priate amounts. The insoluble peptide moiety was dis- 
solved in 70% formic acid and purified by gel filtration 
on Sephadex G-50, superfine (120 X 1 cm) in 50% 
formic acid. Detection of the peptides in these frac- 
tions was achieved by amino acid analysis. 

The cleavage of protein L24 by Staphylococcus 
aureus protease was performed in 0.1 M ammonium 
acetate buffer (pH 4.0) for 48 h at 37°C. The peptides 
were chromatographed on Sephadex G-50, superfine 
(120 X 1 cm) in 10% acetic acid and purified by one- 
dimensional thin-layer chromatography. The large pep- 
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tides SP-2 and SP-3 were further digested with trypsin 
and thermolysin (5 h at 37°C and 2 h at 45”C, 
respectively) and the fragments were isolated by thin- 
layer fingerprint technique [ 14,161. 

Digestion of protein L24 with pepsin was made in 
0.05 N hydrochloric acid at 37°C for 4 h. The peptides 
were purified by a combination of column chromatog- 
raphy on a Dowex 50 micro-column (90 X 2 mm) at 
50°C and one-dimensional preparative thin-layer 
chromatography or thin-layer fingerprints. 

Sequencing of the diverse peptides was performed 
by 4 different Edman degradation techniques: 

(i) Subtractive Edman method; 
(ii) Micro dansyl-Edman technique [ 181; 
(iii) Solid-phase degradation on amino polystyrene 

[ 191 as described in [20]; 

(iv) Peptides isolated in only 5- 10 nmol amounts 
were sequenced by the DABITC/PITC (4-NN- 
dimethylaminoazobenzene4’-isothiocyanate/ 
phenyl-isothiocyanate) double-coupling method 

WI. 
Amino acid analyses were made in an Unichrom 

(Fa. Beckman) and in a Durrum D-500 analyser. The 
strategy and methods applied for the sequence eluci- 
dation of protein L24 are summarized in [22]. 

3. Results and discussion 

3.1. Sequence determination 
The N-terminal region of protein L24 up to posi- 

tion 55 was established [23,24] by liquid-phase 
Edman degradation [25] employing a considerably 
modified Beckman sequencer as in [23,24,26]. This 
N-terminal sequence was confirmed by the isolation 
of peptides obtained from digestions with trypsin, 
pepsin and Staphylococcus aureus protease, as shown 
in fig.1. In addition, the small peptides were sequenced 
by a modified dansyl-Edman technique [ 181, and 
the following sequences were established by the solid- 
phase degradation technique [ 19,20,22]: P7 (pos. 
l-lo), T9 (pos. 26-32),P17 (pos. 29-36), and TlO 
(pos. 33-42). The recently developed DABITC/PITC 
double-coupling method [2 l] was used for confirming 
the sequence of peptide T9 and TlO and for sequenc- 

ing peptide Tl la (pos. 44-60). 
The C-terminal part of protein L24 consists of the 

trypticpeptidesT12(pos. 61-78), T13 (~0s. 79-81), 

76 

T14 (pos. 82-85) T17 (pos. 86-91), T18 (pos. 
92-93), T19 (pos. 94-96) and T20 (pos. 97-103). 
Their sequences were obtained by dansyl-Edman 
degradation or solid-phase sequencing with the excep- 
tion of peptide T 12 whose sequence was derived from 
the DABITC/PITC double-coupling method [21], see 
fig.1. The order of these C-terminal tryptic peptides 
was established as shown in fig.1 by sequencing the 
peptic peptides P8 (60-63, solid-phase method), 
P2a, PlO, P2 (pos. 64-72, dansyl-Edman method), 
P5 (pos. 95-103, solid phase method) and by 
partially sequencing peptide P9 (pos. 73-84) and P4 
(86-94) with the dansyl-Edman method. For further 
confirmation, two thermolysin peptides, pos. 74-81 
and 84-9 1, were isolated and sequenced by the 
DABITCjPITC method. 

By treatment of protein L24 with Staphylococcus 
aureus protease, cleavage occurs at positions 9, 36,61 
and 87. The similar sized peptides SP-2 (pos. 10-36, 
27 residues), SP-3 (37-61,25 residues) and SP-4 
(62-87,26 residues) were purified for amino acid 
analysis and for allowing further cleavage of SP-2 by 
trypsin and of SP-3 by trypsin and thermolysin. The 
resulting fragments were isolated by thin-layer finger- 
prints and analysed. The thermolysin peptides, pos. 
51-56 and pos. 57-61 were sequenced by the dansyl- 
Edman-method. 

Recently, a thermosensitive mutant having an 
altered L24 ribosomal protein was analysed and the 
replacement of one glycine residue by aspartic acid 
was reported [29]. In comparing the sequenced area 
of the mutant, namely Ala-Asp-Arg-Val-Asp- 
Phe-Arg with the completed sequence presented in 
fig.1 it becomes obvious that the amino acid exchange 
is located at pos. 83 of the protein chain. 

3.2. Characterization of the sequence 
Three independent sets of peptides deriving from 

trypsin, pepsin and Staphylococcus aureus protease 
were isolated in order to span the entire sequence of 
protein L24, as shown in fig. 1. The amino acid com- 
position according to this sequence is Asp, Asn6 Thrs 
Sers Glu6 Gina Pros Gly,, Alas Valis Met0 Iles Leu4 
Tyre Phes His, Lysr6 Arg, Trpe which is in agreement 
with recent results obtained from amino acid analysis 
of the entire protein. Methionine and tyrosin, present 
in small amounts in early analyses of this protein 
[27], could not be found in the peptides described 
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Fig.1. Primary structure of protein L24 from Escherichia coli ribosomes. TRY, trypsin digestion; SP, digestion with SfuI.rhyZococcus 
aureus protease; PEP, pepsin digestion; thermolysin digestion, THE. LPSQ: liquid-phase Edman degradation irr a modified Beckman 
sequencer; (+) means positively identified by thin-layer chromatography; (+) means weak spot; >, DABITC/PITC doublecoupling 
method; +, automated solid-phase sequencing. 
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above. The molecular weight based on the sequence 
of protein L24 is 11 185 which is considerably lower 
than the value derived by earlier molecular weight de- 

terrnination by SDS-gel electrophoresis [28]. Such a 
discrepancy has also been experienced for other basic 
proteins. In recent sedimentation equilibrium experi- 
ments a value of 12 000 has been obtained [8] which 
is in full agreement with the molecular weight derived 
from the sequence. 

The N-terminal and C-terminal regions of protein 
L24 are rather rich in charged amino acids leaving 
two neutral stretches with a higher number of hydro- 

phobic amino acids for the middle part of the 
protein chain (in pos. 47-58 and 62-75). The 3 pro- 
line residues present in this protein are clustered in 

one of these areas (in pos. 47-54). The 5 phenyl- 
alanine residues are located in the C-terminal one- 
third of protein chain. Notable are furthermore the 
highly charged regions Lys-Ile-Arg-Arg-Asp- 

Asp-Glu (pos. 3-9) Lys-Asp-Lys-Gly-Lys- 
Arg-Gly-Lys-Val-Lys (pos. 16-25), Lys-Lys- 
His-Gln-Lys (pos. 42-46) and Arg-Phe-Glu- 

Asp-Gly-Lys-Lys-Val-Arg (pos. 85-93). 

3.3. Secondary structure predictions of protein L24 
Based on the primary sequence, predictions of the 

secondary structure were made for this protein 

10 20 30 40 58 60 70 80 90 100 

employing 4 different algorithms as in [30]. More 
recent parameters were used in the calculations 
according to Chou and Fasman: the occurrence of 
P-turns was predicted according to [31], and for 
helix and P-sheet the parameters of [32] were taken. 
The prediction results for protein L24 are presented 
in fig.2. Under the condition that at least 3 out of 4 
predictions are in agreement, an average prediction 

was made, as given in the line ‘PRE’ of fig.2. This 
indicates the most probable conformational state for 
the individual residues. According to this prediction 

protein L24 has > 9% helix, 8% extended structure 
and 2 1% p-turn conformation. One helix region is 
strongly predicted for pos. 59-65, and two areas of 
extended structure are likely for pos. lo-14 and 

32133-35137. Pronounced turn areas were calculated 
for positions 15-23 and 96-99. Starting points for 
turns are strongly predicted according to the rules of 
Chou and Fasman [31] for positions 15,17,19, 
28-29,52-54 and 86-87. The N-terminal part of 
the protein chain as well as the C-terminal region are 
likely to form a pleated sheet region. 

3.4. Comparison with known ribosomal sequences 
By means of computer programmes the sequence of 

protein L24 was compared with 48 known E. coli 
ribosomal proteins (reviewed in [33]) and with 5 

F7a 

AAKIRRDOEVIVLTGKDKGKRGKVKNVLSSGKVIVEGINLVKKHOKPVPAL~P~IVEKEAAIOVSNVAIFNAATGKADRVGFRFEDGKKVRFFKSNSETIK 
+ l *--- l .+ ++ f 1 . - t*. l -+- * -+ + -- If + 1 - l 

Fig.2. Predictions of the secondary structure of protein L24 according to 4 different methods. For explanations see text. 
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Table 1 
Identical peptides in protein L24 and other ribosomal 

protein (E. coli = EC, rat liver = RL) 

EC-L24 Identical sequence Protein Positions 
positions 

21-25 Arg-Cly-Lys-Val-Lys EC-L14 49- 53 

5- 8 Arg-Arg-Asp-Asp EC-S6 112-115 
20-23 Lys-Arg-Gly-Lys EC-S5 155-158 

22-25 Gly-Lys-Val-Lys EC-L27 64- 67 

40-43 Leu-Val-Lys-Lys EC-L22 46- 49 
48-51 Val-Pro-Ala-Leu E&l 2 20- 23 
60-63 Lys-Glu-Ala-Ala EC-S4 76- 79 
60-63 Lys-Glu-Ala-Ala EC-LIO 162-165 
62-65 Ala-Ala-Ile-Gln EC-S5 57- 60 
63-66 Ala-Be-Gln-Val EC-L3 47- 50 

75-78 Ala-Thr-Gly-Lys EC-Ll 3 20- 23 
76-79 Thr-Gly-Lys-Ala EC-L19 103-106 
81-84 Arg-Val-Gly-Phe EC-S5 44- 47 
81-84 Arg-Val-Gly-Phe EC-S16 35- 38 
89-92 Gly-Lys-Lys-Val EC-L3 6- 9 
89-92 Gly-Lys-Lys-Val EC-L22 26- 29 
89-92 Gly-Lys-Lys-Val RL-L7a 8- 11 

complete structures of proteins from other organisms 

(yeast, Bacillus subtilis and Artemia salina) (reviewed 

in [34]). 
Protein L24 shares the pentapeptide Arg-Gly- 

Lys-Val-Lys (pos. 21-25) with protein L14 (pos. 

49-53). In addition, identical tetrapeptides were 
found both in L24 on the one hand and 11 other 

proteins from theE. coli ribosome, on the other hand, 
as given in table 1. This is considered to occur by 
random events [35]. No homologous areas with >5 
adjacent amino acids were found when conservative 
replacements, such as glutamic acid for aspartic acid, 
isoleucine for valine, arginine for lysine and serine for 
threonine were allowed in the search programme. 
Certain structural similarities were observed only for 
protein L24 (pos. 7-47 and 4-47) on the one hand 
and E. coli protein L14 (pos. 37-71) and protein 

L13 (pos. 1 l-46) on the other hand. 
Comparing the primary structure of protein L24 

with that of eukaryotic ribosomal proteins, some 
similarities have been found between the N-terminal 
region of protein L24 and the rat liver ribosomal 
protein RL-L27 [36] as well as between positions 
18-25 and 47-50 of protein L24 and positions 2-9 
and 13- 16 of protein RL-L7a [36]. 
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