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SUMMARY 

Over 80% of the phenylalanyl-tRNA synthetase activity in Ehrlich ascites 
cell homogenates was found to be associated with the high speed particulate 
fraction. This enzyme activity occurred in two principle forms: activity 
bound to the ribosomes, and activity as part of a complex sedimenting at 
approximately 25s in a sucrose density gradient. The ribosome-associated 
enzyme was shown to be bound to the 605 ribosomal subunit. Exposure of the 
ribosomes to RNA resulted in removal of synthetase activity from the ribosomes 
and the concomitant appearance of activity in a complex sedimenting at 25s. 

Aminoacyl-tRNA synthetases have penerally been reparded as soluble com- 

ponents of protein synthesizing systems. Isolation of these enzymes commonly 

involves the pH 5 precipitation of a high-speed supernatant fraction (1). 

Recently, however, a number of reports have appeared which indicate that the 

synthetases from animal cells are part of high molecular weight complexes. 

Bandyopadhyay and Deutscher (2,3) have shown all the aminoacyl-tRNA synthetases 

and most of the tRNA from liver cells to be present in a non-ribosomal complex 

with a molecular weight greater than one million. Also, Irvin et al. (4) have 

reported many of the aminoacyl-tRNA synthetases in lysates of rabbit reticulo- 

cytes to be associated with a particulate fraction. Hcwever, in contrast to 

the reports of Bandyopadhyay and Deutscher, these workers found that the 

particulate synthetases were bound to the ribosomes. 
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In a previous studv concerninp the ribosomes from Fhrlich ascites cells, 

we ohserved that over 80% of the nhenylalan.yl-tRJJA systhetase activitv in cell 

homogenates sedimented with the rihosomal fraction (5). In the oresent com- 

munication, we reoort that in this particulate fraction the enzyme is associated 

wi+h the 60s subunit of the ribosome and also exists as nart of a comnlex which 

sediments at ahout 25s. 

?IETHCDS 

Ribosome nrenarations. Ehrlich ascites cells were nronagated and washed 

as nreviously described (6). Ribosomes were nrepared according to the procedure 

of Kerr et al. (7) with the followinp exceptions. There was no deoxvcholate -- 

treatment unless indicated in the text. After centrifiqation of the low-sneed 

sunernatant fluid at AO,OOOp for 3 hr at 0°, the ribosome nellets were rinsed 

3 times vigorously with 0.25 M sucrose in a Vortex mixer. Tnis treatment r-e- 

moved a white preciuitate from the top of the transnarent rihosome nellets. 

The pellets were stored under 1.5 ml of 0.25 M sucrose for 16 hr at k" and 

resuspended by agitation to Rive an averape concentration of ribosomes of 

150 C.D.260 units/ml. 

Ribosomes were washed with 0.5 M NH4C1 as nreviously described (5). 

Heavy sucrose pelleted ribosomes were prenared by layerinp 3 ml of ribosomes 

in 0.25 M sucrose on top of 7 ml of 2 M sucrose in TlQ!D buffer (0.05 M Tris* 

HCl, pH 7.'r, 0.08 M KCl, 0.001 M MpCl,, 0.001 M dithiothreitol) and centri- L 

fuginp at 230,OOOg for 40 hr at O". Consecutive 1 ml samnles were removed 

from the ton of the tube for enzyme assav and the pellet was resusnended in 

0.25 M sucrose. 

Synthetase assay. Each assay tube contained 0.08 ml Medium A (1); 0.05 

ml nucleotide triphosphate solution (12.5 me AT?, 10.0 mR CT!?, 15.0 mg KHCO3 

and 10.0 mg MS12 in 1.0 ml Yedium A); 0.005 ml I. M Tris'PCl, nH 7.4; 0.01 ml 

tRNA in water (130 0,D.260 units/ml, Tyne I yeast tRNA, Sigma); 0.01 ml L- 

[l'?!] phenylalanine (lO$i/ml, New &Bland FJuclear, 2.5 mCi/mp); enzyme and 

sufficient water to brins the total volume to 0.2 ml (fractions from sucrose 
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density madients were assayed simply by addinE 0.05 ml aliquots to the assay 

t&es). The assay mixtures were incubated at 37O for 10 min, 0.1 ml non- 

radioactive nhenylalanine (2 mg/ml) and 0.1 ml bovine serum albumin (5 mp/ml) 

added to each tube <and the tubes olaced on ice. Cold 10% trichloracetic acid 

(2 ml) was added to each tube and the samnles filtered through Millinore cellulose 

acetate membranes (EGWP02500), previously washed with 5% trichloroacetic acid 

containinp 0.1 mF/ml phenylalanine. The filters were washed with ?-5 ~1 portions 

of cold 5% trichloracetic acid, 2-5 ml portions of cold water, the filter mem- 

branes glued to planchats, dried and counted in a Nuclear Chicapo windowless 

pas-flow counter. 

RESULTS 

Synthetase activity of ribosome preDarations. Several methods of nrenarinp 

and washinp ribosomea were investigated to test their effects on the ribosome- 

associate2 synthetase activity (Table I). Cur standard ribosome nreparation 

TABLE I 

PHENYLALANYGtRNA SYNTHETASE ACTIVITY 

OF VARIOUS RIBOSOME PREPARATIONS 

Ribosome preparation Specific activity X 10e3* 

Pelleted and rinsed 40 

Pelleted through 2M sucrose 34 

Washed with deoxycholategC* 45 

SOS peak from sucrose gradient 26 

Washed once with NH4Cl 6 

Washed 3 times with NH4C1 1.5 

*Defined as cpm [14C] phenylalanyl-tRNA formed/0.D.260 unit. 

**Ribosome suspension made 0.5 % in sodium deoxycholate and the 
ribosomes centrifuged and resuspended in 0.25M sucrose (7). 
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was found to he an excellent source nf nhenylalanvl-tRXA svnthetase and contained 

over RO?, of the synthetase activity present in the low sneed sunernatant fluid. 

Pelletinp the rihosomes through 2 M sucrose solution or treating ribosomes 

with sodium deowcholate had little effect on the specific enzyme activity of 

the ribosome nrenarations. This suEpests that the svnthetase activity is not 

associated with a membrane fraction in the nellet. The 90s ribosomal neak from 

a zonal cantrifugation run retained most, hut not all, of the original svnthetase 

activity. Washinp the ribosomses with a solution containinp 0.5 H MH4Cl removed 

annroximatelp 859; of the enzyme activity from the ribosome fraction. A small but 

significant amount of s!mthetase activity remained associated with the ribosomes 

even after three NII4Cl washes. 

The radioactive product from the synthetase assays had the properties 

expected for cl4 Cl phenylalanyl-tRNA: it sedimented at about 4s in a sucrose 

Sradient, was acid insoluble and radioactivity became acid soluble upon incubation 

under standard deacylating conditions (pH 9, 37O, 45 min). 

Sedimentation properties of ribosome-associated synthetase activity. 

Ribosomes which had been pelleted through a pad of 2M sucrose were resus- 

pended in 0.25M sucrose and centrifuged through a 20%-40% sucrose gradient. 

Fractions (1 ml) were collected and analyzed for optical density and synthetase 

activity (Figure l.A). 

The optical density profile shows that the ribosomes in this prepara- 

tion exist primarily as the 90s monomer, with lesser amounts of aggregates 

and 60s and 40s subunits also present. Synthetase activity parallels the 

80s monomer fractions with a smaller peak of activity coinciding with the 

60s ribosomal subunit region. A separate broad peak of activity, which is 

not associated with significant amounts of optical density, is found in the 

2OS-30s fractions. 

Zonal centrifugaticn of original ribosome preparations which had not 

been pelleted through 2M sucrose Rave patterns similar to those in Figure 

1A. In these preparations, however, very little dissociation into 60s and 40s 
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Figure 1. Zonal centrifugation of heavy sucrose pelleted ribosomes (f!) 

and interface material (B). Both centrifugations were carried out by layering 
1 ml of material on 31 ml of 20%-40% sucrose in TKMD buffer and centrifuging 
in a SW27 rotor at 21,000 rpm for 16 hr at O". Fractions were collected (1 ml> 

and 0.05 ml aliquots removed for synthetase assay. A: 12 0.D.260 units of 
ribosomes pelleted through 2 M sucrose were diluted to 1.0 ml with 0.25 M sucrose 
and centrifuged; B: 0.2 ml of interface fraction was diluted to 1.0 ml with 
water and centrifuged. 

subunits had taken place and the synthetase activity profiles showed only a 

large 80s peak with a smaller broad neak in the 2OS-30s region. Recover] of 

synthetase activity from the gradient was quantitative in all cases, with 

approximately 60% of the activity sedimenting In the ribosome (6OS-80s) region. 

Following the pelleting of ribosomes in 0.25M sucrose through a2M sucrose 

pad, it was found that a small amount of synthetase activity (lo%-20% of the 

total) remained at the interface between the two sucrose solutions. This 

interface region was removed and analyzed by zonal centrifugation as before. 

Very little optical density (at 260 rnv) was associated with this region (Figuti 1B) 

However, a significant amount of enzyme activity was observed, all of it 

sedimenting as a sharp band at about 25s. 

Dissociation of synthetase from ribosomes. The possibility that synthetase 

activity might dissociate from ribosomes under our conditions of zonal cen- 

210 



Vol. 46, No. 1, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

A B 7 
!i 
!i 

FRACTION NUMBER 

Figure 2. Zonal centrifugation of 80s ribosomes without (A) and with 
(B) added RNA. Centrifugation of an original ribosome suspension was carried 
out as in Figure IA except in a 5%-20% sucrose gradient at 25,000 rpm for 3 hr. 
The peak 80s fractions were combined, divided into 2 nortions (1.8 0.D.260 units 
each) and to one portion was added 0.2 ml (4.Q 0.D.2 
cytoplasmic RNA (8). These were each layered 1 

o units) of ascites cell 
direct y  onto 26ml of 20%-40% 

sucrose gradients and centrifuged in a SW25 rotor at 22,000 rpm for 12 hr. 
Assays were performed as before, 

trifugation was investigated by centrifuging ribosomes in a 5%-20% sucrose 

gradient, removing the 80s fractions, and immediately recentrifuging these in 

a 20%-40% sucrose gradient. Analysis of this sedimentation run (Figure 2A) 

shows clearly that the enzyme can dissociate from ribosomes during zonal cen- 

trifupation. The washing of the ribosomes by repeated centrifugations may well 

help promote this dissociation. A peak of dissociated synthetase activity at 

about 25s can be seen, but the significance of this is uncertain because of the 

broad band of activity extending across the top two-thirds of the gradient. 

This band probably results from the enzyme dissociating from ribosomes contin- 

ually during the sedimentation run. 

The complex which we observe sedimenting at 255 is similar in many ways 
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to the complex of Bandyopadhyay and Deutscher (2,3). Their complex contains 

tRNA and this suggested to us that RNA might stabilize our complex and might 

also promote the dissociation of synthetase from the ribosomes. Therefore, a 

zonal centrifugation identical to that shown in Figure 2A was performed except 

that cytoplasmic RNA was added to the 80s ribosomes. Analysis of the resulting 

fractions (Figure 2B) showed a sharp peak of synthetase activity at 25s and 

no activity remaining in the 80s region. This indicates that the RNA caused 

the immediate dissociation of synthetase from the 80s ribosomes together with 

the concomitant formation of a discrete synthetase-containing complex sedimenting 

at 25s. The exposure of crude ribosome preparations to RNA also resulted in the 

loss of ribosome-associated synthetase activity and the appearance of a sharp 

peak of activity at 25s. 

FRACTION NUMBER 

60s 

t 

Figure 3. Zonal centrifupation of ribosome subunits. Centrifugation was 
performed as in Figure 1 except that MgC12 in the Tl@lD buffer was replaced 
with 0.001 M EDTA and centrifugation was at 25,000 rpm for 15 br. Fractions 
(1 ml) were collected into tubes containing 0.05 ml of 0.1 M magnesium acetate 
and analyzed as usual. 
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Binding of synthetase to the 60s ribosomal subunit, The fate of the ribo- 

some-bound synthetase was examined under sedimentation conditions in which 

ribosomes dissociate into 60s and 40s subunits. Essentially all of the syn- 

thetase activity was found to remain associated with the 60s subunits (Fimrure 

3). Almost no activity remained in the 25s region. This suggests that the 

complex is destroyed and synthetase activity lost in the presence of EDTA as 

previously reported (2,3), but that the ribosome-bound enzyme remains bound 

and active under these conditions. Alternatively, synthetase from the complex 

might bind to the 605 subunit in the presence of EDTA. 

DISCUSSION 

The ribosome nreparations which we isolate from Ehrlich ascites cells con- 

tain phenylalanyl-tRNA synthetase in two discrete narticulate forms: one as part 

of a complex which sediments at about 25S, and one bound to the 60s subunit of 

the ribosome. Zonal centrifugation of these preparations, therefore, results 

in a synthetase activity nrofile which is a composite of 255 complex, ribosome- 

bound enzyme, and enzyme which dissociates from the ribosomes during the course 

of the centrifugation. It is not clear whether the entire 25s complex dis- 

sociates from a single ribosome or is assembled from synthetases which dis- 

sociate from a number of ribosotres. However, it can be postulated that tRNA 

plays a critical role in the stability of the complex since RNA remcves 

synthetase from ribosomes with resulting complex formation (Figure 2B) and 

since the complex from liver cells contains tRNA (2,3). tRNA may also be 

involved in the binding of synthetases to the ribosomes. 

The results of Bandyopadhyay and Deutscher (2,3) and Irvin et al. (4), -- 

although seemingly contradictory to each other, are both consistent with our 

observaticns. It would seem that depending upon the cell type or the methods 

used for cell homogenization and particulate fraction isolation the 

aminoacyl-tRNA synthetases from animal cells can be isolated predominately as 

part of a non-ribosomal complex (2,3) or bound to the ribosomes (4). In common 

with these workers, we have found a number of aminoacyl-tRNA synthetase activ- 
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ities associated with our ribosome preparations. The finding of all the 

aminoacyl-tRNA synthetases topther with tFNA in the complex from liver 

cells has led to the hypothesis that the entire protein synthetic apnaratus 

may exist as highly organized structures in animal cells (2,3). The question 

of whether these complexes, and/or ribosome-associated synthetases, actuallv 

exist in vivo, with the important consequences concerning the mechanism and 

control of protein synthesis that this would implp, or whether the,y are artifacts 

of cell disruption is difficult to answer and must await further investigations 

to be resolved. In any case, these particulate forms should prove valuable 

as intermediates for the isolation and purification of the aminoacyl-tRNA 

synthetases. 

REFEPENCES 

1. Moldave, K., in Methods in Fnzyinolom, S. P. Colowick and N. 0. Kanlan, 
Eds. (Academic Press, New York, 19631, Vol. VI, p. 757. 

2. Bandyopadhyay, A. K., and Deutscher, M. P., Fed. Proc. 30 1166 Abs. (1971). 
3. Bandyopadhyay, A. K., and Deutscher, M. ?., J. Mol. Bior60 113 (1971). 
4. Irvin, J. D., Cimadevilla, J., and Hardesty, B., Fed. ProcT2, 1166 Ahs. 

(1971). 
5. Roberts, W. K., and Coleman, W. Ii., Biochemistry (in press) 1971. 
6. Roberts, W. K., Biochim. Biophys. Acta 108, 474 (1965). 
7. 
8. 

Kerr, I. M., Cohen, I~., and Work, T. S.,ochem. J. 98, 626 (1966). 
Roberts, W. K., and Newman, J. F. E., J. Mol. Biol. 20, 63 (1966). 

214 


