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1. Introduction 

Although protein L22 is a primary binding protein 
which binds specifically to the 23 S RNA, its binding 
is stimulated by other proteins, e.g., L4, L17 and L20, 
as shown by the assembly map [ 11. It belongs to a 
group of proteins which are important during the 
early stages of 50 S reconstitution [2]. 

Immune electron microscopy has shown protein 
L22 to be located on the back of the 50 S ‘armchair’ 
[3]. Chemical crosslinks between L22 and I_32 have 
been found [4] indicating that these two proteins are 
neighbours within the 50 S subunit. The isolation of a 
protein complex consisting of L22 and L19 [S] points 
to a strong interaction between the two proteins. 

Protein L22 can be affinity labeled with a puro- 
mycin derivative [6], and this technique has also iden- 
tified L22 to be near the 3’end of tRNA bound to 
the ribosome (cited in [7]). Among the mutants with 
an altered L22 [8-IO] there are two which are resis- 
tant to erythromycin. One of them has been studied 
genetically and biochemically in detail [8]. 

Here we report the complete amino acid sequence 
of protein L22 which consists of 110 amino acids and 
has M, 12 227. We depict the secondary structure of 
this protein derived from 4 different prediction pro- 
grammes. The results of a computer search for regions 
of homology in protein L22 and other ribosomal pro- 
teins, are given. 

2. Materials and methods 

Protein L22 was isolated from 50 S subunits of 
E. coli strain K12 according to [ 1 l] and was kindly 
provided by Dr H. G. Wittmann. 
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Sequence studies were performed on peptides 
prepared by the following cleavages of the intact pro- 
tein: 
(i) Digestion with trypsin (in 0.1 M N-methylmor- 

pholine acetate buffer at pH 8.1,37”C, 4-8 h, 
enzyme substrate ratio 1:SO) and with trypsin 
after blocking the lysine residues with ETPA 
(exocis3,6endoxo-A4-tetrahydrophthalic acid) 

m31; 
(ii) Digestion with a protease from Armillaria mellea 

[ 141 which cleaves the N-terminal peptide bonds 
of lysines (same buffer at pH 8.1,37’C, 6 h, 
enzyme substrate ratio 1: 1000); 

(iii) Digestion with chymotrypsin (same buffer at pH 
8.1,37”C, 1 h, enzyme substrate ratio 1:200); 

(iv) Digestion with thermolysin (same buffer at pH 
8.1, 50°C 2-4 h, enzyme substrate ratio 1: 100); 

(v) Digestion with Staphylococcus aureus protease 
(same buffer at pH 8.1,37”C, 20 h, enzyme sub- 
strate ratio 1:30); 

(vi) Partial acid hydrolysis at peptide bonds adjacent 
to aspartic acid residues (in 2% acetic acid for 
15 h at 11O’C); 

(vii) Cleavage with cyanogen bromide at methionine 
residues (in 70% formic acid, reagent to protein 
ratio 1: 1,24-48 h at room temperature). 

The resulting peptides were isolated (see table 1) by: 
(i) Thin-layer fingerprint technique; 
(ii) Column chromatography on Dowex 50 (2 X 90 

mm, 50°C), followed by one-dimensional prepar- 
ative thin-layer purification; 

(iii) Gel filtration on Sephadex columns (1 X 180 cm) 
in 10% acetic acid or dilute ammonia (pH 9.0) 
followed by separation on fingerprints or one- 
dimensional chromatography on thin-layer sheets 
as in [15,16]. 
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Table 1 
fsolation of peptides derived from protein L22 

e&ivagea 

Trypsin (TR) 

Isolation procedure 

(a) Fingerprint technique on thin-layer sheets 
(b) Dowex SO micro-column in pyridine formate gradients, pH 2.7-6 as detailed in [ 171 
(c) Gel filtration on Sephadex G-SO sf. in 0.07% ammonia in H,O 

Arnzillaria mellea 

protease (AMP) 
ETPA 
ETPA-TR 

Cya~o~en bromide 
G.JNBrl 

CNBr-TX and 
GNBr-HAc 

Dilute acid 
hydrolysis (HAc) 

Ghymotrypsin (CHY) 

Thermolysin (TH) 

Stapirylococcus aureus 
pfotease (SP) 

Fingerprint technique on thin-layer sheets 
Gel filtration on Sephadex G-SO sf. in 10% acetic acid 
Purified ETPA peptides after deblocking were further cleaved with trypsin at lysine; 
these tryptic fragments were isolated by fi~erpr~ting on thin-layer sheets 
Gel fdtration on Sephadex G-50 sf., followed by rechromatography OR Sepbadex G-75 
sf. for bigger fragments 
Purified cyanogen bromide fragments were further cleaved by trypsin or dilute 
acid hydrolysis and these fragments isolated by thin-layer f~ge~ints 

Gel filtration on Sephadex G-50 sf. in 10% acetic acid 
(a) Fingerprint technique on thin-layer sheets 
(b) Dowex 50 micro column in pyridine formate gradients, pH 2.7 to 6 as detailed in [ 171 
(a) Fingerprint technique on thin-layer sheets 
(II) Dowex 50 micro column in pyridine formate gradients, pH 2.7 to 6 as detailed in 1171 

Fingerprint technique on thin-layer sheets 

a Abbr~~~a~i~?ls: as in legend to fig.l 

3. &s&s and discussion 

Sequence analysis of the intact protein was carried 
out in a modified Beckman sequencer programmed to 
use double coupling and cleavage reactions, as well as 
an automatic conversion device, as summarized in 
[183, Two degradations were performed with 1.5-2 

mg protein and the released PTH-amino acid deriva- 
tives were identi~ed by a thin-layer tec~que and by 
mass spectrometry fI9]. 

The diverse peptides were sequenced manually by 
the combined d~syl-urns technique [ZO], or by 
the DABIT~~PITC (4‘-~~dim~~ylaml~oazoben- 
ze~~~‘~isothiocyanatelphenylisot~ocy~ate) double 
coupling method [ 211. Further the DABXTC/PITC 
technique was manually applied to peptides linked 
covalently to diisothiocyanate glass support [22] as 
in [23]. Solid-phase sequencing was performed auto- 
matically (m a sequencer selfmade according to [24]) 
after attaching the carboxyl groups of the C-terminal 
end of the peptides with water-soluble carbod~mide 
to am~opolystyrene resin as in f25 J. The released 
PTII-amino acid derivatives were identified by thin- 
tayer techniques 1191. 

The N-terminal sequence of protein L22, up to 
position 58 was determined [19] by liquid-phase 
Edman degradation performed in a modified Beckman 
sequencer as in [l&l 91. The sequence obtained was 
confirmed by sequencing peptides isolated from diges- 
tions of the protein with trypsin, chymotryps~n, ther- 
moIysin, S. aureus protease f26] and A. mellea pro- 
tease [143. Sequence analysis was performed on all 
tryptic peptides by the manual d~syl-Edm~ tech- 
nique 1201 and by either solid-phase [23-351 or the 
DABITCiPITC degradation method [21], as presented 
in tig.1. 

The alignment of the tryptic peptides Tl 1 /Tl Z/TX 3 
(pos. 50-83) from the centre of the protein, was 
derived from the fallowing fragments: (i) chymotryp- 
sin peptides C6 (pas. 47-72), C7 (pos. 73-7S), CS 
(pos. 76-83); (ii) cyanogen bromide peptide CM 
(pos. I-82) which on further treatment with trypsin 
released all the N-terminal tryptic peptides including 
Tl 1 (minus lysine); (iii) ETPA peptide ET-5 (pos, 
26-84) which after deblocking and trypsin treatment 

iO6 



ETPA ET1 *ET2 : ET3 ET4 j 

CN&Tf? CNn, CNT8 ; CNT9 i CItJO CNTtl j !IT YiT --w- 
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55 60 65 70 75 
Isu-Gtu-Ser-Ata-lle-Ala-Am-Ala-tlu-Hit-~-~p-Gly-Ala-Asp-fle-Asp-Asp-Leu-L~-tial-Wr-Lys-lle-Phe- 

LPSQ l + tj+ * + 

CN&YR ‘cNti2f j CNTl3 CNTIL 

H4C 

CliY 

TH 

TR 

AHP 

ETPA 

80 85 90 95 100 

Val-Asp-tfu-GIy-Pra-Ssr-HLt-tyr-Aq-lle-Het-Pro-A~-Ala-Lys-Crly-Arg-Ala-Asp-Arg-Ife-teu-Lys-Arg-Thr~ 

IT131 114 T15 T16 T17 118 719 TlL TZO - -- .--- 
c1P~PDLc)~.-- c,rnbL, P L) c- lx%. 
lllkl T19a 

P~PPPc=-L5c, 

IA101 All AZi 

ETPA TR 
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~iwe ppttdes TT, T8, T9, TlO, T11 y TX 2, TI 3, and 
due to 2 lysine residues being adjacent &ukMma~ pep- 
tides (Ra, Da, TlOa) with one more lysine residue 
(at pas+ 28,42,49) were isolated @&I). The &gn- 
ment agreed R&h the seqxzence of a decade obt&ned 
by par&~ ar.% hyd~~y~s G&tie proMn (peptSde TB, 
$%xJ, @-5%). B =was diEtit go ~~~~~~ &e seqeence 
of tryptic peptide T1Z 9 especiaf3y &ha secti hzdf, 
b~~~~~ : 
(i) The peptide prepared by gel filtrntian was con- 

taminated with peptides Tl J/T1 3s (pas, 74-84). 
Thla difficulty was overcome by either using long 
thin columns loaded with <2 mg tryp‘tic digest 
dissolved in a small volume of 8 M urea, or isol- 
ating the ch~otryptic peptide Co or the ther- 
rno~~t~~ peptide TIfl5 (pas. SS-‘70) whkh corm- 
*nd to the same region of the amino a&d chain; 

@) ~~~o~~e~e tryptic &Wage at pas. 28 a%%& 49 
whkh kd to bigger fragm~& ~~~t~~~~ peptide 
Tt J. but w&h heterogenous ~~te~rn~~~~ seqxxrxxs; 

(iii) The large percentage of aspartic did residues in 
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METIAYHRHARSSA#KV4LVA~~KKVSOALOILTYTNXKAA~~YXK~LESAIANrlEHI~LKVTK1FVDEGPSPIYRir(PRAKC~I~K~TSH~TVVV$R~ 
- I+** f I * t ** - tt ff - -a - - -- * + -- ** / f e .* If t -* 

Fig.2. Predictions of tk secclndary structure of protein L22 according to 4 different methods (details in text and [2?f). 

obtained by cleaving the protein with trypsin, cyano- 
gen bromide, thermolysin, and after blocking the 
lysines cleaving specifically at arginine. 

The newly-employed enzyme A. me&& protease 
[ 141 gave ah expected cleavages at the N-terminal 
peptide bonds of the lysines,and cleaved also at Iysyl- 
lysine peptide bonds. The peptide yields were suffi- 
cient at the enzyme substrate ratio of f. : 1000,6 h 
cleavage time at 37OC in salt-free buffer conditions. 
Thus, the enzyme provides an easy means of gener- 
ating tryptic bridging peptides, useful for sequencing 
or functional studies of proteins. 

3 2, Chavwcteristics of the sequence 
Protein L22 has 110 amino acid residues and Mr 

12 227, Its amino acid composition, as derived from 

the sequence given in fig. 1, is Asp,, Asna, Thre, Ser7, 
Glue, Gln2, Pros, Gly4, saI3, Va&r, Met3, Res, Leus, 
Tyrr , Phe 1, Hisq, Lysrs, Arg,,, Trp,, Cyse. This is in 
good agreement with the results derived from amino 
acid analyses of the entire protein. 

Ahhougb the basic amino acids clearly dominate 
in this protein, there is a distinct acidic region at pos. 
52-68 which contains one of the histidine residues, 
The basic amino acids are not evenfy distributed 
throughout the protein, they are clustered at the 
N-terminal end, pos. 6-l&25-28,41-49 and near 
at the C-terminus of the chain. The proline and inner 
methionine residues are close to each other at pas. 
80-87. Repetitive sequence stretches are formed by 
valines and alanines at pos. 43-47,54-B and 
~105-107. 

I.822 

sa 

L22 

$8 

L22 

sa 

Fig.3. Me&c& 01 hOM&3gOlls sequence regkms found for ribo.~m& proteins L22 and SS. Boxed are identical residues w eonser- 
vative repkements, e.g., aspartic acid by giutamic acid, wine by threonine. 
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Table 2 
Homologous regions of protein L22 and other ribosomal 

proteins 

Protein Positions Homologous sequences 

L22 

s3 

L22 

53 

18 - 22 Arg-La-Val-Ala-Asp 

113 - 11-l Lys-Leu-Val-Ala-Asp 

63 - 67 Gly-Ala-Asp-Ile-Asp 

158 - 161 Gly-Ala-Glu-Ile 

179 - 182 Ala-Asp-Ile-Asp 

I.22 15 - 19 Gln-Lys-Val-Arg---Leu 

510 4 - 10 Gln-Ax-g-Ile-Arg-Ile-Arg-Leu 

L22 16 - 19 Lys-Val-Arg-Leu 

s12 53 - 56 Arg-"al-Arg-Leu 

L22 45 - 48 Val-La-Val-Lys 

s12 79 - 82 Ile-Leu-Ile-Arg 

L22 

517 

106 - 110 Val-Val-Ser-Asp-Arg 

11 - 15 "al-"al-Ser-Asp-Lys 

L22 63 - 70 Gly-Ala-Asp-Ile-Asp-Asp-Leu-Lys 

~7/L12 114 - 120 Gly-Ala-Glu-Val-Glu-Val-Lys 

L22 41 - 45 Lys-Lys-Ala-Ala-Val 

L15 69 - 73 Arg-Lys-Ala-Ala-Ile 

L22 25 - 28 Arg-Gly-Lys-Lys 

L24 18 - 21 Lys-Gly-Lys-Arg 

L22 46 - 49 Leu-"al-Lys-Lys 

I.24 40 - 43 La-Val-Lys-Lys 

L22 

L2S 

L22 

L28 

69 - 72 Leu-Lys-Val-Thr 

48 - 51 Leu-Arg-Val-Ser 

88 - 91 Arg-Ala-Lys-Gly 

71 - 74 Arg-Ala-Arg-Gly 

L22 25 - 29 Arg-Gly-Lys-Lys-Val 

L32 49 - 53 Arg-Gly-Arg-Lys-Val 

L22 16 - 20 Lys-Val-Arg-Leu-Val 

L33 7 - 11 Lys-Ike-Lys-Leu-va1 

L22 88 - 93 At-g-Ala-Lys-Gly-Arg-Ala 

L34 35 - 40 Arg-Ala-Lys-Gly-Arg-Ala 

L22 

RL-P3 

47 - 53 Val-Lys-Lys-Val-Leu-Glu-Ser 

23 - 29 Ile-Lys-Lys-Ile-La-Asp-&r 

L22 63 - 68 Gly-Ala-Asp-Ile-Asp-Asp 

SC-IT-A, 31 - 36 Gly-Ala-Glu-Val-Asp-Glu 

3.3. Secondary structure predictions of protein L22 
Four different predictive methods (described in 

[27]) were employed to calculate the secondary struc- 
ture of protein L22, as presented in fig.2. The recent 
parameters were used for the Chou and Fasman pre- 
diction [28,29]. The final line of fig.2 represents 
agreement between 3 out of the 4 predictions, and 

the percentage of each type of structure is as follows: 

33% helix, 10% turns or loops and 26% extended 

structure (see line ‘PRE’ in fig.2). 

3.4. Comparison with sequences of other ribosomal 
proteins 

The sequence of protein L22 was compared with 
50 sequenced E. coZi ribosomal proteins (reviewed in 
[30]) and with 7 complete protein structures from 

other organisms (yeast, Bacillus subtilis. Artemia 
saZina and rat liver; reviewed in [31]). The results are 
listed in table 2, where identical or similar sequence 
regions are given. The greatest degree of homology 
was found between L22 and S8, but there were no 
long regions (see fig.3). Interestingly both proteins 
belong to the group of ribosomal proteins found to 

be rRNA primary binding proteins. At the beginning 
of the ‘homologous’ sequence both proteins have a 
strongly predicted o-helix region, and at the C-termi- 
nal end alternate P-sheet and turn regions are pre- 
dieted. 
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