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1. Introduction 

A prerequisite for a detailed understanding of the 
ribosome at the molecular level is a knowledge of its 
complex topography and the tertiary structures of its 
numerous components. 

At present, useful data from X-ray analysis are not 
available for the determination of the conformation 
of ribosomal proteins. Hence, it is hoped that predic- 
tive methods using the amino acid sequences will give 
at least some insight into the secondary structures of 
the protein chains. The complete amino acid sequences 
of more than 50% of the 54 proteins present in Esche- 
richiu coli ribosomes have so far been determined. This 
provides a sound basis for the possibility of predicting 
details of the secondary structures of these proteins. 

In this paper we summarise the results obtained by 
predicting the secondary structures of eleven E.coli 
ribosomal proteins according to four different predic- 
tive methods. 

2. Methods 

The secondary structures of the ribosomal proteins 
were predicted according to the methods of Burgess, 
Ponnuswamy and Scheraga [ I], Chou and Fasman 
[2-4], Nagano [5,6] and Robson and Suzuki [7]. 
Programmes for the calculation of the predictive algo- 
rithms were kindly supplied by Drs H. A. Scheraga, 
K. Nagano and B. Robson and were adapted to run 
on the DEC.1 0 computer of the Fritz-Haber-Institut 
der Max-Planck-Gesellschaft in Berlin-Dahlem. The 
results of the predictions according to Nagano and to 
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Robson were slightly modified; this will be described 
elsewhere [8] as will details of the programme using 
the rules of Chou and Fasman. 

Although the various authors have defined the 
conformational states (helix, extended structure and 
turn) in somewhat different ways, we have taken into 
account in our comparison the most general definitions 
and have assigned to a particular state a common sym- 
bol. Residues were assumed to be in a random coil 
conformation when they were not otherwise predicted. 
In the results obtained from the predictions of Chou 
and Fasman and of Nagano, in some instances amino 
acid residues were predicted to be in either of two 
conformational states and we have therefore taken both 
possibilities into consideration. 

3. Results and discussion 

The main purpose of this study was to examine 
various ribosomal proteins for regions with high proba- 
bilities for he&es, extended structures and turns. The 
results which were obtained by applying the four 
different predictive methods to the ribosomal proteins 
were compared by plotting helical regions, extended 
structures, turns and random coil against the protein 
sequences. This is shown symbolically, for example, 
for protein S8 in fig.1. Similar figures for the other 26 
ribosomal proteins investigated will be presented else- 
where ([8] and in preparation). It is convenient to 
summarise these comparisons as histograms which show 
the predicted occurrence of the individual residues in 
a particular conformational state. This has been done 
for eleven proteins from the small subunit (figs 2-5). 
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Fig.1. Secondary structure of ribosomal protein S8 predicted according to four different methods: ‘s’, Burgess, Ponnuswamy 
and Scheraga [l] ; %, Chou and Fasman [ 2-41; ‘IV’, Nagano [5,6] ; ‘R’, Robson and Suzuki [ 71. The symbols represent 
residues in helical (Q), turn or bend (ll), extended (V) and coil (-) conformational states, respectively. In cases of ambiguity, 
both predicted states are indicated. 

The most probable secondary structure for a given 
region is indicated in the lowermost block of these 
figures, denoted by ‘PRE’, in which only those secon- 
dary structures appear when at least three predictive 
methods were found to be in complete agreement. 
This leads, in some instances, to shorter regions of 

secondary structure than are conventionally necessary 
for the complete development of a helix, turn or exten- 
ded structure. Thus, it appears that short regions indi- 
cate only the location of a structural feature. 

The four different predictions provide a fairly 

consistent picture of the regions of secondary structure 
in the ribosomal proteins. As can be seen in the histo- 
grams, there is a relatively high content of helix predic- 
ted in many of the proteins; turns are also predicted 
rather frequently. On the other hand, this group of 
proteins appear to be lacking in many extended struc- 
tures. 

3.1. Helical regions 
A remarkably high content of helix structure is pre- 
dicted for proteins S20 and S21. In table 1, the per- 
cent of residues is given which are predicted to be 
located in helices: 64% of the residues in protein 
S20 and 57% in S21 are located in helical regions. 
For proteins S6 and S8 the values are 36%, where- 
as for proteins S4, S13, S15 and S16 they range 
between 20% and 30%. The lowest helix content 
(7-l 5%) is predicted for proteins S12 and S18. 
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There is good agreement among the different pre- 
dictive methods about the positions at which helical 

regions start but more uncertainties exist about the 
lengths of these regions (see ref. [8] ). In some of the 

Table 1 
Prediction of secondary structure content in ribosomal proteins 

Protein Sequence Helix Turn Extended 
[Ref.] (%) (%) (%) 

S4 [91 28.1 17.1 3.4 

S6 [lO,lll 36.3 10.3 4.4 

S8 [I21 36.7 16.5 4.6 

s9 1131 18.0 19.5 6.3 

s12 [141 7.3 16.3 13.0 

s13 [151 21.4 18.8 nca 

s15 (161 29.9 13.8 nca 

S16 [171 22.0 14.6 4.9 

S18 [181 14.9 13.5 5.4 

s20 1191 64.0 4.7 nca 

s21 [201 57.1 4.3 nca 

anc: Not calculated according to the above assumption 

Average values are calculated when at least three predictions 
were in complete agreement about the conformational state 
of a given residue 



‘(3I-I) suo@
ar pm

![aq pm
 

(no) 
puaq IO

 U
IW

 ‘(x3) 
arnm

qs 
papua$xa 

‘0~) 
PO

D
 w

opuer 
‘@

)3s) am
anbas 

:suopparqqv 
.$uaw

aa&
 

a$alduro3 u! am
 uraq 

30 aaIq$ $seal )B
 uaqh 

suog3pard 
ayl sas~um

ns 
‘ax&

 
*anp!saI paID

yard 
L

pm
on 

%
!qw

e ue 30 am
s 

qm
a 

01 pa@
ssE

 
SIIM

 
3p

q
 

e
 30 

$@
M

 
e

 :b]!un 30 $$+
am

 e uaa@
 sm

 
a$qs anbym

 
e u! aq 03 palcupard anp!saI 

v 
‘suogD

!paId m
03 atg 

~
11013 gInsa 

pa@
Fa,n 

ayl Su~~IaA
e Ia)3e ps tga$ord 30 arn)m

r$s 
d

~ep
u

o
o

as ag
 

103 
su

re
d

o
p

~
 

@
LJ 



Volume 77, number 2 FEB.5 LETTERS May 1977 

EX 

TU 

HE 

RC l-l n l-l n+l l-l 
I 

EX I 

TU 

HE 

PRE 

8imkE- 
SEQ *ENOYIQTQ~~SSUdVFIKPGNM(IVl~WSLEOIFOR~U(LIYVROPLELVN~I(LWIITY~0QQ1S00*OIIRIGITRUllElDESLRSELRKASFVTRO*ROVERKKV(iLRIURRPEFSNR 

. . l .- .-tt- -*- . . . - -- l - .* .- . -..t l . tt - . . 

Fig.3. Histograms for the secondary structures of proteins S6, S8 and S9. Abbreviations as for fig.2. 
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Fig.4. Histograms for the secondary structures of proteins S12, S13 and S15. Abbreviations as for fig.2. 
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ribosomal proteins the helix regions are distinctly CD-Studies of most of the ribosomal proteins are in pro- 
clustered in certain parts of the protein chains gress and will enable further structural comparisons to 
(figs. 2-5). be presented in the near future. 

3.2. Extended structures 
There appears to be a relatively poor agreement 
among the four methods for the prediction of ex- 

tended structure. Nevertheless, at least three of them 
agree for several of such regions in the following pro- 
teins: S4 (in positions 62-64 and 127-l 30); S6 

(85-89);S8(105-109);S9(27-29and62-66); 
S12(34-38,51-X,61-63and78-BO);S16(18- 

21) and S18 (64-67). protein S12 has an exceptio- 
nally high content of extended structure (table 1). 
Based on the consensus of three predictions, no ex- 

tended structure was likely to occur in proteins S13, 
S15, S20 and S21. 
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The results of this investigation show that the ribo- 
somal proteins investigated are predicted to differ 
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this level of conformation are shown by proteins S20 
and S21 and to a certain extent also by proteins S13 
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It is needless to emphasise,that a prediction of the 

secondary structure of protein based on its amino acid 
sequence has to be supplemented by experimental 

results, such as those given by optical methods. 
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