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SuI.DAR’I’ 
Rat liver ribosomes were dissociated to 60s and 40s fractions by incu- 

bation with I 1,: KC1 at 37O for 2 h, and separated by subsequent density- 
gradient centrifugation. While the 4OS fraction contained 40s subunits 
only, the 60s fraction consisted of 60s subunits as a major fraction and 
dimmers of 40s subunits, which could be removed by a 2nd sucrose gradient 
centrifugation in Kedium I? containing 3 mX !qg*. The pure 60s and 405 
subunits thus prepared could be reassociated to SOS particles which were 
active in poly U-dependent polyphenylalanine synthesis. 3%poly U inter- 
acted only with the smaller subunits. 

It has been danonstrated that E. coli ribosomes are readily dissociated 

to 50s and 30s subunits by decreasing Kg* concentration in the suspending 

medium and that these subunits can be reassociated at higher Mg* concent- 

ration to active 70s riboscmes. On the other hand, on decreasing the Mg++ 

concentration by dialysis, rat liver ribosomes were gradually dissociated 

to large and small subunits, through 63s and 50s intermediate components 

(Xamilton and Fetenan, 1959; Fetennan, 1964). The complete removal of Xg* 

ion by the addition of excess EDTA results in rapid dissociation of ribo- 

scmes to 47s and 32S subunits (Tashiro et al, 1965), which were reported, 

however, to be biologically inactive even after dialysis against solutions 

containing a suitable concentration of Kg*. Thus it has been difficult to 

obtain active subunits from liver ribosomes. 

Recently, Martin and Vool (1968) reported that active 60s and 40s 

subunits could be prepared from rat muscle riboscmes by brief incubation 

with 1 M IX1 at 37', followed by density gradient centrifugation at room 

temperature. hodification of the method of Hartin and !4'001 has made it 

possible to obtain pure preparations of active subunits from rat liver 
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riboscnnes. This communication describes the preparative method and sane 

properties of the active subunits of rat liver ribosomes. 

Albino rats of the !Iristar strain, weighing about 150 g and fasted 

overnight, were employed. Ribosomes were prepared from rat liver by the 

method of Rendi and Hultin (1960), except that only desoxycholate was used 

as a detergent and the ribosames were suspended in Uedium I (0.25 M sucrose, 

10 ti XgCl2, 25 &I KCl, 10 mM KRCO3, 10 mXj-mercaptoethanol and 50 tiq 

Tris-HCl buffer, pH 7.6). 

RFXJLTS AND DISCUSSION 

Preliminary experiments showed that liver riboscmes were more difficult 

to dissociate into subunits than muscle ribosomes and that it was necessary 

to incubate them with 1 iY KC1 at 37’ for 2 h j.nstead of 3 to 5 min. The 

pattern of density gradient centrifugation of KCl-treated riboscmes at 

22-24' is shown in Fig. 1, in which a 15 to 30 $ linear sucrose gradient in 

Bedim II (f?50 intl Kcl, 10 mM I+$+, 10 mNB-mercaptoethanol and 50 mX Tris- 

Xl buffer , pi 7.6) was employed. Rat liver riboscmes were dissociated into 

two major fractions, the S values of which were about 60s and &X5, in 

addition to some particles heavier than 60s (Fig. 1). 

When those fractions were treated with EDTA (10 m?~i excess over 14g++ 

concentration in the suspending medium ), the &OS fraction was converted to 

a single component of 325. On the contrary, the 60s fraction yielded two 

particles, 47s subunits as the major component and 32s subunits as the 

minor ccnnponent. When the 40s fraction was suspended in Medim III (50 mI4 

KCl, 5 mM MgClS, 10 mMp-mercaptoethanol and 50 mI4 Tris-HCl buffer, pB 7.6) 

and subjected to sucrose density gradient centrifugation in the same medium, 

particles with S value of about 60s were formed, as indicated by Tashiro et 

al (1965, 1966). ~rcm these results it may be concluded that the 60s 

fraction consists of both 60s subunits and dimers of &OS subunits, while the 

4CS fraction is a single ribosomal subunit. 
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FRACTION NUMBER. FRACTION NUMBER 

Fig.1. Sucrose gradient centrifugation of rat liver riboscmes incubated 
with 1 t: IiCl. About 10 mg of protein of riboscmes were employed. Centri- 
fugation was carried out at 23,000 q.m for 7 h in a Hitachi RFS 25 rotor 
at 2b-26O. Fractions of about 1 ml each were collected and the absorbance 
was measured at 260 rn)f after 50 tines dilution with water. The fractions 
indicated by arrows were used as 60s and 40s fractions, respectively. 

Fig. 2. Sucrose gradient centrifugation of the 60s fraction. The 60s 
fraction (about 1 mg of protein), which was dialyzed against Nedium IV at 
O" overnight, was layered on 15-30 :i linear sucrose gradient in Kedium IY 
and centrifuged in a Hitachi RPS 25 rotor at 23,000 qxn for 5 h at 24-26O. 
The 603 subunits indicated by the arrow were used in the following experi- 
ments. 

In order to prepare pure 60s subunits, the 60~ fraction was dialyzed 

against Xedium I;i overnight at 0'; this had the same composition as Kedium 

III, except that the Ng" concentration was 3 mii. The suspension was 

centrifuged in a sucrose density gradient in Ledium IV. As shown in Fig. 2, 

40s subunits in the 60s fraction associated with the 60s subunits to form 

EOS particles. Thus pure 60s subunits could be prepared which were used in 

the following experiments. 

Sixty S subunits and 40s subunits, which had been dialyzed against 

iledium III at 0' overnight, were mixed in a ratio of 2 to I by weight, 

kept at 30° for 5 min. and then subjected to sucrose density gradient 

centrifugation at 22-24'. It was found from the sedimentation profile 

82 



Vol. 38, No. 1,197O BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1. Incorporation of i4C-phenylalanine. The basic reaction mixture 
contained in the total volume of 0.5 ml; 1 ITIL ATi, 0.25 m$~ GTP, 10 adi gluta- 
thione, 10 ti? phosphocreatine, 
MgC12, 0.05 E Tris-Xl, pH 7.6, 0.1 pC 
Radiochenical centre, Amersham, Lngland), 25 pg of poly U (Sigma co.),‘2 w 
of protein of cell sap and 30 pg of various riboscmes. 
carried out at 30' for 30 min. 

Incorporation was 
After incubation the radioactivity of hot 

trichloroacetic acid insoluble materials retained on Eillipore filter was 
determined by a gas flow counter. 

Total r(adioactivity (c.p.m.) 

imp. Iio. 1 2 3 

POlY U POlY U POlY U 
+ -+ + 

original riboscmes* 13 612 31 759 
(30 pc) 

XC1 treated ribosomes# 3 466 3 512 13 501 
(30 j%) 

40s subunit 2 4c IO 
(10 lee;) 

60s subunit 7 36 26 
(20 pEf> 

reassociated particles 20 431 0 435 5 376 
(30 pd 

*store at O" for the same time periods as in tne cases of KC1 treated 
ribosomes and their subunits. 

# The ribosamal suspension was incubated with 1 bT Xl, allowed to stand 
at a room temperature for 5 h and subjected to dialysis against 
Iledium III containing IO mtr ILL " '1 ++ at O" until use. 

that a greater part of the added particle s reassociated to form FOS parti- 

cles. Cn the contrary, 472 and 32s subunits prepared from ribosomes by LDTA 

treatment, did not form 8% particles by the same procedures. 

Furthermore, when 60s and 4CS subunits prepared as d.escribed above 

were incubated with I4 C-phenylalanine in the presence of poly U, the recon- 

structed 8X particles showed activity in polyuridylic acid (poly U)- 

dependent polyphenylalanine synthesis (Table I). The inactivity of 6Oh or 

40s subunits alone indicated that these subunits were free from contami- 

nation by the other subunits and that the 405 subunit dimers had been 
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completely removed from 60s subunits by the treatment described above. 

The fact that reassociated SOS particles had no ability to incorporate 14c, 

phenylalanine in the absence of poly U, may indicate that natural messenger 

XJA is not attached to the reconstructed POS particles. 

Forty S or 60S subunits were incubated with %-poly U in kedium III at 

30° for 5 min and the mixtures were subjected to sucrose densiQ gradient 

centrifugation at 2426O. The sedimentation patterns of ultraviolet 

absorption at 260 my and radioactivity of 3%poly U are shown in Fig. 3. 

It is clearly demonstrated that 40s subunits of liver ribosomes interact 

with poly U, while 60s subunits do not. It must be added that 400s subunits 

form dimers in Hedium III, and 3&poly U attached to these diners. These 

10 20 10 20 

FRACTION NUMBER FRACTION NUMBER 

Fig. 3. Interaction of both subunits with poly U. About 60 ug of 40s sub- 
units or 60s subunits was incubated with 0.1 uC 3Ikpoly U (7.76 mC/mmole of 
polynucleotide phosphorous, Schwarz BoResearch. Inc.), diluted with 6 pg 
and 3 llg of unlabeled poly U (Sigma Co.) in the cases of 60s and 40s sub- 
units respectively, in Xedium III at ?O" for 5 min and the mixtures were 
subjected to centrifugation at 2b-26O in a 15-30 $ linear sucrose gradient 
in Xedium III. 
a iiitachi WS 40 

Centrifugation was carried out at 36,000 rp for 100 min in 
rotor. The gradients were fractionated in 4 drops each 

and subjected to the determination of absorbance at 260 mp after 10 times 
dilution with water. Padioactivity of 3%poly U was measured as follows: 
An aliquot of each fraction was precipitated by cold 5 $ trichloroacetic 
acid together with 100 & of bovine serum albumin (Armour Co.) as a carrier 
and, the radioactivity of the precipitate retained on Killipore filter was 
determined with a Eec!onan IS 150 liquid scintillation counter after the 
addition of toluene-scintillator. 
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observations suggest that the messenger RNA attaches to the mall. subunit 

of rat liver ribosomes as in the case of E. coli ribosomes (Okamoto and 

Takanami, 1963) and that the dimerization site of the 40s subunits differs 

from the attachment site for poly U. 

It was recently found that 32s subunits, prepared from rat liver 

riboscmes treated with EDTA, had also the ability to bind 3H-poly U. 

&.rthermore, when 32s subunits and 605 subunits prepared as described above, 

were incubated at 370, resulting particles were active in the poly U- 

dependent l4 C-phenylalanine incorporation, although the activity was about 

one third as that of &CS subunits. These results indicate that 325 subunits 

retain some activity although 47S subunits prepared by EDTA treatment were 

shown to be inactive. 
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