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1. Introduction 

As a catalytic unit, the ribosome is a rather novel 
and complex organelle. Its protein constituents con- 
sist of a heterogenous collection of entities integrated 
into a multi-protein-RNA complex as either fixed 
elements of structure and/or temporally as units of 
function. In attempting to evidence the evolution and 
the structure-function relationships of the ribosome 
in procaryotes we have undertaken a comparative 
amino acid sequence analysis of ribosomal proteins 
from Escherichia coli [ 1 ] , and Bacillus stearother- 
mophilus [l-3] and Halobacterium cutirubrum [4], 
organisms which differ substantially in their physio- 
logical tolerances and taxonomic relationships. Our 
previous structural studies have indicated a high 
degree of homology in some of the 30 S ribosomal 
proteins from E. coli and B. stearothermophilus [l] 
suggesting as did other functional studies [S, 61 a 
substantial level of evolutionary conservation. We 
report in this paper a summary of our results on the 
study of the amino terminal regions of 19 ribosomal 
proteins E. coli strain Q13 and 2 1 from B. stearother- 
mophdus strain 10. During the course of this study, 
Wittmann-Liebold [7] reported N-terminal amino 
acid sequences of 18 proteins of the 30 S subunit from 
E. coli strain K. Geisser et al. [8] compared the 30 S 
ribosomal proteins from several species of bacilli with 
those of E. coli by two-dimensional electrophoresis 
and immunological methods. Isono et al. [3] corre- 
lated the purified 30 S proteins of B. stearothermo- 
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philus strain 799 with those of E. coli by comparing 
two dimensional electrophoretic mobility, immunolo- 

gical cross-reaction, molecular weight, and amino acid 
composition. Most recently, Higo and Loertscher [9] 
reported the amino-terminal sequences of five 
E. coli 30 S ribosomal proteins and their functional 
equivalents from B. stearothermophilus strain 799. 

2. Materials and methods 

Ribosomal proteins of the 30 S subunit from 
E. coli strain Q13 were fractionated on carboxymethyl- 
cellulose column chromatography [ lo] and those 
from B. stearothermophilus strain 10 on phospho- 
cellulose column chromatography [ 1 l] . They were 
further purified by gel filtration chromatography on a 
Sephadex G-100 column (2.5 X 270 cm) with 15% 
acetic as the eluant. Isolated proteins were identified 
by their amino acid compositions, their positions on 
two dimensional electrophoresis, their molecular weights 
and, in certain cases, their immunological cross-reacti- 
vities [3, 11-151. 

The amino-terminal sequence of proteins was 

determined by automatic Edman degradation [ 161 
using Beckman Model 890C sequencer with the 
quadrol program. The protein (3-8 mg) was dissolved 
in 0.5 ml of 50% formic acid containing 1 mg of 
dithioerythritol. The thiazolinone derivatives (or PTH- 

derivatives) were hydrolyzed separately with 6 N 
HCl and HI [ 171 at 130°C for 20 hr, and the amino 
acid formed was analyzed with a Durrum D-500 amino 
acid analyzer or Technicon TSM amino acid analyzer. 
When necessary, identification of the PTH-derivatives 
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Table 1 
The N-terminal sequence homologies between ribosomal proteins from the 30 S subunit 

of Escherichia coli Q13 (E) and Bacillus stearothermophilus 10 (B) 

September 1974 

ES2 
BSPa 

BS2b 

ES3 
BS3/BS4 

ES4 
855 

ES5 
BS6 

MET MD TVR ASN VAL ARG GLY GLU ASN LEU GLU VAL THR PRO ALA 

GLY GLN LVS VA HIS PRO ASN GLY I LE ARG LEU GLY I LE VAL LYS jGLY1 ASN q ILE~LEU~ lLElG[ ILE ARG 

LVS LEU LVS LEU SER ARG ARG GLU GLY 

a I cl MET TRP LVS I LE SER ARG ARG LEU GLY 

“Blocked” N-terminus 
MET ARG ARG ILE ASP PRO ASN LYS LEU GLU LEU GLU GLU ARG VAL 

ES6 
BS9 

VAL PHE MET VAL HIS 
MET TVR ILE ILE ARG 

ES7 
BS7 

ES8 
BSB 

ES9 
BSIO 

ES10 
BS I3 

ESI I 
BSI I 

SER ET GLN ASP PRO ILE ALA ASP MET LEU THR ARG ILE ARG ASN 

VALH E ET THR ASP PRO I LE ALA ASP MET LEU THR ARG ILE ARG ASN 

ALA GLU ASN GLN TYR TYR GLY THR GLY ARG ARG LYS SER St 

cl ALA GLN VAL GLN TVR TYR GLY THR GLY ARG ARG Lvs SER SE 

MET GLN ASN GLN I LE ARG ILE ARG LEU Lys ALA1 PHE[ASP HIS 
ALA LYS GLU LYS ARG ILE ARG LEU LYS ALAMASP HIS ARG] 

PHE LYS ALA PRO I LE ARG ALA ARG LYS 77 GLN VAL 
ALA ARG ARG THR ASN THR ARG LYS ARG ARG VAL ARG LYS ASN ILE 

ES12 
BS 12 

VAL ASN GLN LEU VAL ARG LYS PRO 
ILE ASN GLN LEU VAL ARG LYS GLY 

ES13 
BSl4 

ES 14 
052 I 

ES I5 
0Sl8 

ES 16 
Els 15 

ES17 THR ASP LYS I LE ARG THR LEU GLN 
13516 SER GLN ARG ASN GLN ARG LY S VAL 

ES18 
0s 19 

“Blocked’ N-terminus 
ALA GLY ARG LYS GLY GLY ARG GLY LYS ARG ARG LYS VAL CYS TYR 

ES 19 
BSI? 

ES20 
65.20 

PRO ARG SER LEU LYS LYS GLY PRO PHE I LE ASP LEU 

cl GLY ARG SER LEU LYS LYS GLY PRO PHE SER ASP GLY HIS ILE MET 

ALA ASN ILE LYS SER ALA LYS 
ALA ASN I LE LYS SER ALA I LE 

ES2 I 
Bs6a 

PRO VAL ILE LfS VAL ARG GLY ASN cl PRO MET @ VAL m GLU GLN IALA 
PRO mAsP vALlm/ 

I 2 3 4 5 6 7 8 9 IO II 12 13 I4 15 

LYS PHE LEU PRO ASP PRO 
ASP VAL LEU PRO ASP PRO 
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Fig. 1. Twodimensional electropherogram of B. stearothermophilus 30 S proteins indicating the positions of the proteins whose 

amino-terminal sequence is depicted in table 1. 

was made by thin layer chromatography on silica gel 

plates [ 181. 

3. Results and discussion 

The N-terminal amino acid sequences (12-1.5 
residues) of 17 ribosomal proteins from the 30 S 
subunit of Escherichia coli strain Q13 (EC proteins) 
and 21 proteins from Bacillus stearothermophilus 

strain 10 (BS proteins) and their proposed structural 
equivalents based on the N-terminal sequence homo- 
logies are shown in table 1. The nomenclature based 
the two dimensional electrophoresis is that of 
Wittmann et al. [ 121 for EC proteins and of Isono 
et al. [3] for BS proteins. Fig. 1 shows the two 
dimensional electrophoretic pattern of BS proteins 
from strain 10 and indicates the positions of three 
proteins (BS2a, BS 2b, and BS 6a) in addition to those 
given in the previous paper [3]. The position indicated 
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for BS S2 [3] actually consists of two spots (BS 2a 

and BS 2b) which are very close to each other, but 
they have different N-terminal amino acid sequences. 

Our sequence data of EC proteins from strain 
Q13 (table 1) agree well with 18 EC proteins from 
strain K reported by Wittmann-Liebold [7] and 5 
proteins from strain MRE 600 by Higo and Loertscher 
[9]. However, EC SlO from strain Q13 and MRE 
600 has different residues from EC SlO of strain K 
[7] at positions 7, 8, 9, 10, and 11. EC S7 from Q13 
is different from strain K [7] at positions 4, 6, 8, 9, 

and 11, but our preparation of EC S7 from Q13 is 
still heterogeneous and its sequence given in table 1 
should be considered as tentative. 

Among 23 BS proteins from strain 10 only one 
protein (BS Sl) has blocked N-terminus, and the re- 
maining have specific N-terminal sequences which are 
distinctly different from each other except BS S3 and 
BS S4 have an identical N-terminal sequence. 

When the N-terminal sequences of BS proteins are 
compared with EC proteins, 18 pairs between EC and 
BS proteins can be formed. The three pairs (EC-S10 
and BS S13, EC S17 and BS S16, and EC S21 and 
BS S6a), however, require some shifting of positions 
in order to align the corresponding identical residues. 
The number of identical residues between the 18 
pairs varies from 4 to 12 residues per 12-I 5 residues. 

Since both EC S5 and EC S18 have blocked N- 

termini and their N-terminal sequences are not yet 
known, it is not possible to make direct sequence 
comparison with BS proteins. However, the similarities 
in positions in the two-dimensional electrophoresis, 
amino acid composition, and molecular weights 
suggest that BS S6 and BS S19 are corresponding to 
EC S5 and EC S18 respectively. BS S2b has so far no 
corresponding EC protein. It is uncertain whether this 
is a ribosomal protein specific to B. stearothermophilus 
or a supernatant factor which tightly bound to the 

ribosomal subunits. 
The N-terminal amino acid sequence of each indivi- 

dual protein from E. coli and B. stearothermophilus 
are quite different from each other suggesting a 
unique primary structure and a specific function for 
each protein. It is quite evident that there is essen- 
tially one-to-one structural correspondence between 
each EC and BS protein, indicating a high degree of 
amino acid sequence conservation during evolution. 

The fidelity to which these homologies are evinced 

at the level of primary sequence of each corresponding 
protein in these procaryotes is important for future 
assessments of at least two important questions con- 
cerning ribosome structure-function relationships: 

a) the chemical features or ‘active sites’ in the proteins 
which allow for overall conservation of function in 
the procaryotic translation apparatus, and b) whether 
some higher level of homology exists that is to say, in 
the symmetrical arrangements of the proteins or 
active sites within the ribosomal architecture. Sequence 
data of the type presented herein then becomes an 
important basis from which these assessments can be 
made. 
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