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An important aspect of the ribosomal system is related to the topolo- 
gical relationship between the constituents of the system itself. The pre- 
sent work,concerned with certain features of the molecular arrangement 
between the ribosomal RNA's and proteins,was rendered possible by the use 
of purified anti-RNA antibodies (Panijel 1963 a,b ; Panijel et al. 1966 a,'& 
Souleil et al. 1966). The latter,which precipitate RNA's and polyribonuclr 
otides,also precipitate the bacterial and animal ribosomes (Cayeux et al. 
1965). We show here that the number of specific antigenic sites accessible 
to the antibodies differ for the 30 S, 50 S and 7C S particles. 

Material and Methods.- The experiments are carried out on the particles 
and the ribosomal RNA's of E.Coli RNAse ITO . Crude ribosomes are prepared 
by conventional procedures and contain 37% protein and 63% RNA. Washed ri-- 
bosomes are obtained from the crude ritosomes as described by Shin 8 Mald&e 
(1966) and contain 33% protein and 67% RNA. Crude and washed ribosomes,sus-L 
pended in Kl buffer(*) are purified on a 5-20% linear sucrose gradient. A 
part of this material is used for preparing 30 and 50 S sub-units (Pestka $ 
Nirenberg 1966). Reassociated ribosomes are obtained by dialysis of a mixi. 
ture of sub-units in a 1:l ratio against Tris buffer containing 10 mM Mg* 
and purified by centrifugation throuc&a sucrose density gradient. 

Ribosomal RNA's are extracted from the bacterial homogenate by the 
phenol-SDS method and separated on sucrose gradient (Midgley 1965 a,b,c). 

The antibodies are the NG I antibodies previously used in the immuno-- 
chemical study of the polynucleotides. The SW 2. values are 9.4 + 0.2 in 
K2 buffer('), 9.6 L 0.2 in K3 buffer (8) *the N& I concentration being 2-3 rnq 
ml. The immunochemical reactions (reaction time: 30-45 min) and the analysis 
of the specific precipitates are performed as previously described. In the* 

(9) Buffers: Tris-HCl 5mM,pH 7.4, KC1 0.1 M, Mg acetate 10 mM (Kl buffer) 
or 1mM (K2 buffer) or 4 mM (K3 buffer) 
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3 or % buffers used for the immunochemical reaction,the profiles obtained 
on sucrose gradient both of the particles and the RNA's are not changed. 

Results.- Preliminary experiments show that all the particles are preci- 
pitated at 100% when they react with a sufficiently large quantity of NG I 
antibodies : thus,the sub-units,like the ribosomes themselves,present a cer- 
tain portion of their RNA accessible to the antibodies. Furthermore,this 
result eliminates the hypothesis that possible differences in the reactivity 
of different particles could be due to the presence of antibodies with dis- 
tinct specificities directed against one of the particles and not the other. 
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Fiq, 1 - Amounts of antibody (a) and antigen (b) precipitated by crude ri- 
bosomal particles in 

“i: 
medium. The particles,estimated in terms 

of their RNA content (rb RNA) we e added in ever-increasing amounts,the 
amount of antibody being kept constant. All the reactions were carried out 
in duplicate or triplicate. Symbolst l - 30 S sub-units ; r\ 50 s 
sub-units ; x- 70 S ribosomes. 

Fia. 2 - Amounts of antibody (a) and antigen (b) precipitated by washed 
particles in the K2 medium, Methods and symbols as in the Fig. 1. 
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Fia. 3 - Amounts of antibody (a) and antigen (b) precipitated by washed) 
particles in the % medium, Methods and symbols as in the Fig. 1. 

TABLE 1 

Ratios of precipitated antibody to precipitated antigen (estimated in 
terms of RNA precipitated) at the equivalence zone ( (Ab/Ag)eq) for the, 

different ribosomal particles and ribosomal RNA's. 
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The curves of Fig. 1 (crude particles),2 and 3 (washed particles) show 

clearly that differences in reactivity do in fact exist. It appears that: 
(1) The results are identical in K2 (Mg++ 1 mM) or K3 (Mg++ 4 mM) buffers. 
(2) For the same amount of antibodies precipitated,the amount of 70 S and 
50 S particles is greater than that of 30 S particles8 ,so,the Ab/Ag values 
at the equivalence zone ( (Ab/Ag)e ) are 2 to 2.5 times greater for the 30 
than for the 50 or 70 S particles 9 Table 1). The fact that the Ab/Ag values 
for the washed particles are superior by 15-20X to those of the correspon- 
ding crude particles is predictable if one admits that the non structural 
proteins,stripped by 0.5 M NH4Cl,are associated with a part of the "acces- 

' sible" RNA and hinder the fixation of a certain quantity of antibodies. 
(3) The (Ab/Ag)eq ratios for 70 S ribosomes are less than the theoretical 
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Fia. 4 - Comparison between the amounts of antibody (a) and antigen (b) 
precipitated Pn 

s 
medium by 70 S washed ribosomes (native or rcas- 

rociated) and a mixture in 1:l ratio of 30 and 50 S non associated sub- 
unitso The theoretical curves were calculated from the individual precipi- 
tation of each sub-unit in medium, The washed sub-units no showed any 
rign of reassociation in % edium. Symbols: XY native washed 70 S ri- 
bosomes ; p- v 5 reas ociated 70 S ribosomes ; A- A 30 S sub- 
units + 50 S sub-units mixed in a 1:l ratio ; ------ theoretical curve 
for the mixture 30 S + 50 S calculated from the individual precipitation af 
each sub-unite 
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values calculated adding up the values obtained with the sub-units.However 
this calculated value is in fact the one obtained when a mixture of equal 
parts of 30 and 50 S is reacted under conditions preventing any reassocia- 
tion (Fig. 4).In contrast,reassociated ribosomes behave like native ribo- 
somes; the picture is the same for ribosomes preincubated (15 min at 37O, 
pH 7.8,in 0.1 mM Mg++) in order to eliminate any residual messenger RNA. 

The significance of the immunochemical reactivity of the ribosomal 
particles can only be appreciated by comparison with the ribosomal FINA's. 
Fig. 5 and 6 show the precipitation curves in K2 or K3 medium. The (At&r~~, 
ratios differ little,but the slope of the curves shows a dissolution in 
excess antigen less sharp for the 16 S RNA than for the 23 S : the phenoma 
non is probably due to the difference in size,as shown in the 

case of fragments produced by hydrolysis of 23 S RNA (3 min at 900). 
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Fia. 5 - Amounts of antibody (a) and antigen (b) prec;.i$ag in the 
dium by isolated RNA's, Symbolr: 

SRNA; P- d 23 S RNA after hydrolysisefragments approiimating in‘ 
size to 16 S RNA: these fragments were collected from the corresponding 
tubes obtained by centrifugation through a sucrose gradient. 
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Fiq. 6 - Amounts of antibody (a) and antigen (b) precipitated by the ribo- 
somal RNA’s in the K3 medium. Methods and symbols as in the Fig. 5, 

Discussion.- Several observations can be made from these experiments: 
(1) The structures of the 30 and 50 S particles seem to be quite dif- 

ferent,since the (Ab/Ag)eq ratios,-which are a measure of the maximum num- 

ber of specific sites present on the different atigens-,are identical for 
the 16 S RNA and the 30 S sub-units,but not for the 23 S and the 50s RNA. 
,(2) Thus,the totality of the 16 S RNA remains accessible to the antibodies 
phen it forms part of the 30 S sub-unit.Conversely,the inclusion of the 

23 S RNA in the 50 S provokes a loss of 55-6096 of the antigenic sites.From 
-the SW 2. of the NG 1,a M.W. of 2.5-3 x lo5 would be indicated by compari- 

son wiih other IgG. Taking for the M.W. of ribosomal RNA’s of E.Coli the 
values established by Kurland (1960) ,and taking into account the admitted * 
bivalence of the antibodies eliciting a network of precipitation,the num- 
%er N of specific sites would be: N = 2 x (M.W.RNA/M.W.NG x) x (Ab/Ag),q. 

-This gives values of 25-31 for the number of sites of the 23 S RNA and 14- 

% 

9 for the sites of 16 S RNA. The latter all remain accessible to the anti- 
odies in the 30 S sub-unit,but only lo-12 in the 50 5. The same calcula- 
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tion gives in the case of the crude particles: 12-15 sites for the 30 S 
sub-unit,9-11 for the 50 S. The non-structural proteins stripped by 0.5 M 
NH4Cl would mask 2-3 accessible sites on each ribosomal RNA. 
(3) The association of a 50 and 30 S sub-units to a 70 S ribosome gives 
rise to a value (Ab/Ag)eq which is much smaller than that obtained with a 
mixture of non associated sub-units in a 1:l ratio0 Thus,association is 
accompanied by the loss of a certain number of antigenic sites. The most 
reasonable explanation is the pairing between the accessible fractions of 
the respective RNA's of each sub-unit,as supported by the fact that 16 S 
and 23 S RNA are able to yield specific association products (Marcot- 
Queiror and Monier 1965). Such an interaction would be accompanied by a 
masking of a certain number of specific sites,analogous to that which oc- 
curs with a polynucleotide complex (Panijel et al. 1966 b ; Souleil et al. 
1966),translated by a significant diminution of the ratio (Ab/Ag),q. 

Such a pairing between the accessible fractions of ribosomal RNA's 
must be related to the role of Mg++. When the dissociation of the 70 S ri- 
bosomes take place in the presence of 0.1 M KC1 by lowering the Mg* con- 
centration from about 7-B mM to l-l.5 mM,the value of the ratio Mg/F@bas- 
ses from 0.5 to about 0.2 (Goldberg 1966 ; Choi & Carr 1967) : hence, 
about 60% of the RNA no longer binds Mg++. This percentage is precisely 
that which would result from the pairing of the two ribosomal RNA's,since 
this pairing should take place between nucleotidic sequences of equal 
length: it should therefore correspond,at a maximum,to the length of the 
accessible fraction of the 23 S RNA,and should thus form a double-stranded 
segment corresponding to a M.W, of about 1 x 106, i.e. 60% of the sum of 
the M.W. of the two ribosomal RNA's (‘1.66 x 106). 

One consequence of this situation is the following: single stranded 
sequence which remains accessible in the 70 S ribosome should correspond 
to a maximum M.W. 'of 5-6 x lo4 .The apparent paradox whereby messengers 
RNA's associate specifically with 30 S sub-units,but interact both with 
the 16 S or 23 S RNA (Watson 1964 ; Hayes et al. 1966 a,b) could be explair 
ned by such structural considerations. 

REFERENCES 

Cayeux P.,Panijel J. 8 Souleil C. 
Choi Y.S. 8 Carr C.W. J.Mol.Biol. 

Bioch.Bioph.Acta 108, 605,(1965) 
25, 331,(1967) 

Goldberg A. J.Mol.Biol. 15, 663,(1vij6) 
Hayes D.H.,Grunberg-Mana 
Hayes D.H.,Hayes F, 8 Gu B 

o K 8, Guerin M.F. J.Mol.Biol. 
rin M.F. J.Mol.Biol. 

18, 477,(1966 a) 

Kurland C.G. J.Mol.Biol. 1, 83,(1960) 
18, 494,(1=6 b) 

(a) Moles bound Mg / Moles ribosomal Phosphate 

164 



Vol. 29, No. 2, 1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Marcot-Queiroz J, 8 Monier R. 
Midgley J.E.M. 

Bull.Soc.Chim.Biol. 47,627,(1965) 

Midgley J.E.M. 
Bioch.Bioph.Acta 
Bioch,Bioph.Acta 

Midgley J.LM. 
Panijel J. 

Bioch.Bioph.Acta 

Panijel J, 
C.R.Acad.Sc. 256, 454 
C.R.Acad.Sc. 

Panijel J.,Souleil C. 8 CayG'P. 
Panijel J.,Souleil C. 8 Cayeux P. 

Science 152,773,(1966 a) 

Pestka S, 8 Nirenberg M, 
Bioch.BioKActa 

J.Mol.Biol. 
123, 221,(1966 b) 

Shin D.H. 8 Moldave K. J.Mol.Bi.01. 
2, 145,(1966) 

Souleil C.,Cayeux P. 8 Panijel J. 
2l, 231, (1966) 

Watson J.D. 
Bioch.Bioph.Acta 123, 235,(1966) 

Bull.Soc.Chim,Biol. 46,1399,(1964) 

165 


