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ABSTRACT 

Analysis in insect (Chironomus tentans) salivary gland cells of labeled RNA as a 
function of time after precursor injection and its distance to the nuclear mem- 
brane, cytoplasmic zone analysis, could previously be used to demonstrate the 
presence of short-lasting gradients in newly labeled ribosomal RNA. Since the 
gradients were sensitive to puromycin, they are likely to be a result of diffusion 
restriction due to an engagement of the subunits into polysomes. In the present 
paper the possibility was explored of recording gradients that were caused by 
labeled subunits in puromycin-resistant associations, which, in all probability, 
involve the endoplasmic reticulum. It was found that labeled 28 S and 5 S RNA 
but not 18 S RNA were present in radioactivity gradients lasting for at least 2 days 
but less than 6 days. The gradients also remained during inhibition of RNA 
synthesis by actinomycin, and they were completely resistant to puromycin 
whether given in vivo or in vitro. The semipermanent gradients formed here offer 
a unique parameter for the in vivo study of conditions for formation and mainte- 
nance of heavy subunits in puromycin-resistant bonds. 

An explanation for these and previous results is that the light subunit, although 
restricted in movement by engagement to polysomes, is nevertheless free to 
exchange and spread between rounds of translation, whereas at least part of the 
heavy subunit population is bound to the endoplasmic reticulum and less free to 
spread. These results offer a good in vivo correlate to previous results on in vitro 
exchangeability of subunits. 

Polysomes have mainly been studied with homog- 
enization and subfractionation techniques. For 
several reasons, it would be desirable to supple- 
ment such techniques with procedures whereby 
the results can be more directly related to the in 
vivo situation. One such possibility is afforded by 
cytoplasmic zone analysis, a technique described 
in a preceding paper (7). Here, the distribution of 
RNA components is recorded as a function of 
time after RNA precursor administration and the 
distance of the labeled RNA to the nuclear mem- 
brane. The ribosomal RNA components, 18 S, 28 

S and 5 S RNA, appear in steep specific activity 
gradients for a few hours after precursor adminis- 
tration (exit gradients). The fact that these gra- 
dients are leveled out after administration of puro- 
mycin, completely for 18 S RNA and largely for 
28 S RNA, suggests that they are caused by ribo- 
somal subunits (RSU) located in polysomes. Thus, 
these gradients may constitute a parameter for 
polysomes in the living cell, permitting the study 
of polysome formation and maintenance without 
homogenization and subfractionation. The RSU 
can, however, be present either in free or in bound 
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polysomes. In the case of the heavy RSU,  this 
could imply that  they might exist ei ther a t tached 
to endoplasmic ret iculum (ER)  membranes  or 
without  such a t tachment ,  and it has been  shown 
that  this subunit  e i ther  can have puromycin-resist-  
ant a t tachments  or be dissociated from polysomes 
with puromycin (13), a difference which is likely 
to be related to the mode of a t t achment  of the 
heavy RSU to ER membranes .  

We feel that  the usefulness of cytoplasmic zone 
analysis would be greatly increased if it could 
distinguish between heavy RSU present  in puro- 
mycin-sensitive and -insensitive associations as a 
pa ramete r  probably  related to their mode  of asso- 
ciation to the ER membranes .  If newly synthe- 
sized heavy RSU become at tached to ER mem- 
branes,  this might result in puromycin-resistant  
gradients which last considerably longer than gra- 
dients for puromycin-sensi t ive components .  Such 
gradients  should exist for 28 S and 5 S R N A  but 
not for 18 S R N A  which, as a componen t  of the 
light RSU,  is entirely sensitive to puromycin (3, 
13). The object  of the present  work was to test for 
the presence and durat ion of such gradients  as a 
possible pa ramete r  for ER-bound  polysomes. 

M A T E R I A L S  A N D  M E T H O D S  

Late fourth instar larvae of the dipteran Chironomus 
tentans were used. Animals were given tritiated precur- 
sors, and salivary glands were prepared and dissected as 
described in the previous paper (7) which also gives the 
analytical procedures for RNA. The cytoplasm of the 
cells was divided into three zones, an inner, middle, and 
outer zone. The zones are defined by their distance from 
the nuclear membrane. 

R E S U L T S  

The newly labeled light RSU,  measured  as 18 S 
R N A ,  is at distr ibutional equil ibrium 6 h after 
precursor  adminis t ra t ion as measured  by the 18 S/ 
4 S R N A  label ratio. The 4 S R N A  label is likely 
to reflect the volume distr ibution since it is distrib- 
uted like the glycerol in the dissection medium in 
which the cells are soaked during the dissection 
(7). The 18 S/4 S R N A  label ratios which remain  
similar in the three zones after  this t ime are not 
given here but  only data for 28 S and 5 S R N A .  

Gradients for 28 S R N A  

Cytoplasm analyzed 18 h after  precursor  injec- 
tion shows a relatively even distr ibution of labeled 
ribosomal R N A  between the inner ,  middle,  and 
outer  cytoplasmic zones (Fig. 1). This contrasts  
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FtGURE i Electrophoretic separations in 1.5% aga- 
rose of the RNA from cytoplasmic zones of 12 cells 
isolated from the salivary gland of an animal that was 
injected with 25 /zCi of tritiated uridine I8 h before 
sacrifice. Arrows denote, from left to right, the positions 
of 23 S, 16 S, and 4 S RNA, added markers of RNA 
from E. coli. The letters i, m, o stand for inner, middle, 
and outer cytoplasmic zones. 

with the steep gradients  which can be recorded 
shortly after  the ent rance of r ibosomal R N A  into 
the cytoplasm (7). Close inspections or measure-  
ments  show, however ,  that  28 S R N A  is still in a 
central excess relative to 4 S R N A  after  18 h (Fig. 
2 A).  This difference applies to the inner  zone 
compared  to the middle zone as well as to the 
middle zone compared  to the outer  zone.  The 
nucleus contains only 2 - 4 %  of the total labeled 
R N A  after these t imes and even less at later t imes 
(reference 8 and unpubl ished observat ions) ,  and 
an admixture  of a minor  par t  of the nuclear sap 
can therefore  not  contamina te  the inner zone to 
any measurable  extent.  
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FIGURE 2 Staple diagrams from five different animals 
of the 28 S/4 S RNA label ratio 18 h (A), 2 days (B) and 
6 days (C) after injections of 25 p.Ci of tritiated uridine. 
The letters c and p stand for central and peripheral parts 
of the cytoplasm, respectively. 

2 days after precursor injection the activity gra- 
dient for 28 S R N A ,  expressed relative to 4 S 
R N A  is, with one exception, still present but less 
pronounced (Fig. 2 B). Gradients were not detect- 
able 6 days after precursor injection (Fig. 2 C). In 
Fig. 3, the 28 S/4 S labeled R N A  ratios have been 
summarized as a function of time after precursor 
injection. 

Since 4 S R N A  is likely to be a suitable volume 
marker as has previously been demonstrated,  the 
data in Figs. 2-3 show the presence of a gradient 
in labeled 28 S R N A  lasting for at least 2 days. We 
are not able, due to the small amounts of material 
available, to determine the optical density 
amounts of 28 S R N A  in the different zones. The 
fact that after longer times, 6 days (present paper) 
and 5 wk (7), there are no indications of a gradient 

in radioactivity suggests that the data reflect the 
presence of a specific radioactivity gradient, i.e. 
the 28 S R N A  synthesized during the last 2 clays is 
located relatively closer to the nuclear envelope 
than older R N A ,  suggesting a delay in its periph- 
eral spread. 

Since the light RSU equilibrates relatively rap- 
idly in the cytoplasm, within about 6 h, the gra- 
dient in 28 S/4 S R N A  label should also be dis- 
played in the 28 S/18 S R N A  ratio, Fig. 4 A  shows 
the gradient to be consistently present after 18 h, 
and Fig. 4 B  with one exception also in all the 
animals investigated after 2 days. Fig. 4 C shows 
that after 6 days there is no longer any evidence of 
a gradient in labeled 28 S/18 S R N A  ratios. Con- 
sequently, the 28 S/18 S R N A  label gradients 
mirror 28 S/4 S R N A  label gradients. 

Gradients for 5 S R N A  

If the semipermanent gradients which we have 
recorded for 28 S R N A  are due to a specific 
activity gradient for the heavy RSU,  it should be 
possible to record a similar gradient for 5 S R N A  
provided 5 S R N A  is irreversibly bound to the 
heavy RSU.  From an analytical point of view, 5 S 
R N A  has the advantage that it is not only a differ- 
ent parameter than 28 S R N A  but it is measured 
in an area of the electrophoretic separation essen- 
tially free from other R N A  and the base line is 
close to the background levels. Because the radio- 
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FIGURE 3 Summary diagram of the 28 S/4 S label ratio 
in the cytoplasmic zones at different times after precur- 
sor injection. The middle zone has been given the arbi- 
trary value of 2.0; the inner and outer zones have been 
normalized accordingly. The shaded staple for the inner 
zone at 6 h indicates that this fraction may be contami- 
nated by nuclear RNA. For symbols, see Fig. 2. 
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FIGURE 4 Staple diagrams of the 28 S/18 S RNA label 
ratio 18 h (A), 2 days (B) and 6 days (C) after precursor 
injection, for five different animals. For symbols, see 
Fig. 2. 

activity amounts  are lower in 5 S than in o ther  
studied components ,  it was advantageous  to split 
the cytoplasmic material  into only two parts,  an 
inner  and an outer  zone.  This can be done since 
the nuclear cont r ibut ion  is small (18 h or more  
after precursor inject ion)  and the possible contam- 
ination in the inner  zone is therefore  minimal.  
Steep 5 S gradients  mimicking those of 28 S R N A  
have previously been recorded 3 h and 6 h after 
precursor  injection (7). 

18 h after precursor  injection,  there  is a gra- 
dient in the 5 S/4 S R N A  label ratio with the slope 
as usual in a per ipheral  direction (Figs. 5 and  6 A) .  
It is considerably less steep than previously found 
for shor ter  t imes but  similar to the 28 S gradient  
after the same time. The  gradient  in labeled 5 S/4 
S R N A  still remains  after  2 days a l though less 

p ronounced  (Fig. 6 B),  again a parallel to the 28 S 
R N A  results. The gradient  has leveled out after 6 
days as expected from previous zone analyses of 
28 S R N A  (Fig. 6C) .  In every respect the 5 S 
R N A  analyses thus confirm the results obta ined  
for 28 S R N A ,  suggesting strongly that  they reflect 
the behavior  of the heavy RSU.  

Gradients in Actinomycin- Treated 

Animals 

The circumstance that  the injection procedure  
has much the character  of a pulse label (10) and 
that ,  after 18 h, only 2 - 4 %  of the radioactivity is 
localized in the nucleus speaks against any inter- 
pretat ion that  the semipermanen t  gradient  is sim- 
ply an exit gradient  as previously observed after 
short  labeling times, super imposed upon evenly 
distr ibuted R N A .  This would occur if there were 
still a considerable export  of R N A  1-2 days after 
precursor  injection.  This al ternative is unlikely not 
only because of the low nuclear labeling and the 
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FIGURE 5 Electrophoretic separations of low molecu- 
lar weight RNA in 7.5% polyacrylamide gels containing 
8 M urea. The RNA was isolated from microdissected 
cytoplasmic zones of fixed salivary gland cells injected 
with 25 txCi of tritiated uridine 18 h before sacrifice. The 
arrows indicate, from left to right, 5 S and 4 S RNA 
positions of added E. coli RNA markers. The letters i 
and o denote the inner half and the outer half of the 
cytoplasm, respectively. 
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FIGURE 6 Staple diagrams of the 5 S/4 S RNA label 
ratio 18 h (A), 2 days (B) and 6 days (C) after precursor 
injection (25 izCi of tritiated uridine) for three different 
animals. For symbols, see Fig. 2. 

fact that only 28 S R N A  label appears in a gra- 
dient after 1-2 days whereas both 28 S and 18 S 
R N A  appear in exit gradients, but it could also be 
more directly excluded with the aid of actinomycin 
experiments. 

Animals were given tritiated uridine in injec- 
tions and were then kept for 24 h in normal 
medium, after which they were transferred to the 
same medium containing 10/.~g of actinomycin D/  
ml and kept for another 24 h before sacrifice. The 
results showed that gradients that exist after 1 day 
are maintained for at least another day although 
the R N A  synthesis was blocked (Fig. 7). Control 
experiments showed that the synthesis of R N A  as 
measured by the incorporation of tritiated uridine 
in vivo during 15 min was low after 3 h in actino- 
mycin D medium (22% of the controls) and negli- 
gible after 24 h in the same solution (5% of the 
controls). Thus, the semipermanent  gradients are 
not dependent on the supply of new R N A  from 

the nucleus over a period of more than 20 h. 
Protein synthesis was not measurably affected by 
the aetinomycin treatment.  Incorporation of triti- 
ated leucine into hot trichloroacetic acid-precipita- 
ble material was measured in vivo over a period of 
3 h in glands from animals kept for 24 h in actino- 
mycin D medium and was, on the average, 108% 
of the controls. The results of the action of the 
drug are in agreement  with previous data for C. 
tentans (4). 

Gradients in Puromycin- Treated 

Animals  

The exit gradients recorded in our previous 
work 2-3 h after precursor injection (7) were 
entirely sensitive to puromycin given in vitro 
within 45 min in the case of the light RSU and to 
about two-thirds in the case of the heavy RSU.  
Puromycin sensitivity is indicative of polysome 
binding, but heavy RSU attached directly to ER  
membranes in bound polysomes may not show 
such a sensitivity. 

The circumstance that gradients for the light 
RSU level out within 6 h whereas a gradient 
remains for the heavy RSU for at least 2 days 
suggests that at least part of this population is 
bound to a structure, like the ER,  that would 
retard its mobility. In view of the properties of 
puromycin referred to above, the drug was used to 
test whether the semipermanent  gradient had the 
properties expected if due to heavy RSU bound to 
ER membranes,  i.e. was resistant to puromycin. 

In one set of experiments,  animals were sacri- 
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FIGURE 7 Staple diagram of the 28 S/4 S RNA label 
ratio during actinomycin D treatment. Five different 
animals were kept for 24 h in normal culture medium 
after injection of 25 izCi of tritiated uridine and were 
sacrificed after another 24 h in medium supplemented 
with actinomycin D (10 /xg/ml). For symbols, see Fig. 2. 
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riced 18 h after injection of tritiated uridine. One 
gland from each animal was placed in Cannon's 
modified medium (12) with puromycin (100 /~g/ 
ml), the control sister gland in medium without 
the drug. This treatment has previously been 
shown to inhibit protein synthesis by 89% (7). 
The glands were fixed after incubation for 45 min. 
Fig. 8 shows that the heavy RSU gradient is simi- 
lar in both drug-treated and control sister glands. 
It does, consequently, not have the character ex- 
pected for exit gradients, most of which show 
sensitivity to puromycin. 

Puromycin treatments were also carried out in 
vivo, in which case sister gland controls are not 
available. Animals weighing 25 mg were given 2.5 
/~g of puromycin (overall body concentration 
about 100/zg/ml)  18 h after isotope injection and 
were sacrificed 3 h later. The drug treatment was 
prolonged to 3 h to exclude any objection that the 
heavy RSU may not have time to equilibrate 
within 45 rain. Although matched controls in the 
form of untreated sister glands are not available, 
one can see (Fig. 9) that the gradients do not differ 
significantly in size from those of animals not ex- 
posed to the drug. Injection of puromycin inhibits 
protein synthesis almost completely (97% inhibi- 
tion) as measured by tritiated leucine incorpora- 
tion into hot trichloroacetic acid-precipitable ma- 
terial over a period of 3 h. 

28S/4S 
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CONTROL PURCMYC~ 

B 
CONTROL PUROMYCIN 
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FIGURE 8 Staple diagram of the 28 S/4 S RNA label 
ratio during puromycin treatment. Animals were given 
25 p~Ci of tritiated uridine 18 h before sacrifice. One 
gland was taken to Cannon's modified culture medium 
(control) and the sister gland to the same medium sup- 
plemented with puromycin (100 p.g/ml). After 45 min. 
both glands were prepared for analysis. (A) and (B) 
denote two different animals. 

2as/4s 
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FIGURE 9 Staple diagram of the 28 S/4 S RNA label 
ratio during puromycin treatment in vivo. Five different 
animals were given 2.5 /zg of puromycin 18 h after injec- 
tion of 25/zCi of tritiated uridine and were sacrificed 3 h 
later. For symbols, see Fig. 2. 

The alternative was also made unlikely that the 
puromycin-resistant 28 S R N A  gradients are 
caused by a nonribosomal component or contami- 
nant. Cytoplasmic 28 S R N A  in Diptera has a 
characteristic lability towards hydrogen-breaking 
agents and converts under such conditions to ma- 
terial comigrating with 18 S R N A  (14). This prop- 
erty was used to eliminate such a possibility. 

Animals were given puromycin for 3 h as de- 
scribed above after tritiated uridine had been 
given 18 h earlier. The extracts were treated with 
8 M urea for 1 rain at 50~ in 0.02 M Tris buffer, 
pH 7.4 with 0.5% sodium dodecyl sulfate. This 
urea treatment should more or less completely 
eliminate hydrogen bonds in adenine-uracil-rich 
R N A  like Chironomus ribosomal R N A  (6, I1). 
Zone analyses of the extracts showed that the 
gradient now lies in the dominating "18 S" ribo- 
somal RNA peak (Fig. 10). 

DISCUSSION 

It was previously shown that the two RSU mea- 
sured as newly synthesized 28 S R N A ,  5 S R N A  
and 18 S R N A  are present in steep specific activity 
gradients with a slope towards the periphery of the 
cell. Puromycin experiments indicated that the 
gradients are largely or entirely the result of an 
engagement of the RSU into polysomes immedi- 
ately or shortly after their release from the nucleus 
(7). 

The slopes of the gradients for the two RSU are 
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FIGURE 10 Staple diagram of the rRNA/4 S RNA 
label ratio after puromycin treatment. Animals were 
given 25 p, Ci of tritiated uridine by injection and 18 h 
later 2.5 /~g of puromycin and sacrificed 3 h later. The 
RNA extracts were heated for 1 rain at 50~ in 8 M urea 
in 0.02 M Tris buffer with 0.5% sodium dodecyl sul- 
fate. For symbols, see Fig. 2. 

similar during their early presence in the cyto- 
plasm. Later on, 6 h after precursor injection, 
they differed, however, markedly. The light RSU 
gradient was practically leveled out whereas the 
heavy RSU gradient was still prominent. From 
these data alone, the difference could have had 
trivial causes and be related to diffusion rates of 
particles of different size and/or nuclear process- 
ing times. Another possibility was, however, that 
the difference reflects the types of engagements in 
cytoplasmic structures in the cell. 

Light polysome-bound RSU exchange with free 
subunits whether present in ER-bound or un- 
bound polysomes. Heavy RSU present in un- 
bound polysomes also show a similar exchange, 
whereas it is a disputed question how firmly heavy 
RSU are bound to the ER in bound polysomes. If 
such RSU are not free to exchange, one would 
expect their gradients to be more stable than if the 
RSU were exchangeable, Furthermore, such gra- 
dients should not he affected by puromycin. 

In the present work, clear differences in 
spreading behavior were found between the two 
labeled RSU. At 18 h and 2 days after injection 
of tritiated uridine, there was an excess of labeled 
heavy RSU in the vicinity of the nucleus as mea- 
sured by two independent markers, labeled 28 S 
RNA and 5 S RNA. The light RSU, measured as 
labeled 18 S RNA,  was shown earlier to level out 

already at 6 h. The 28 S/18 S RNA label ratios 
give a direct demonstration of the difference in 
distribution of the two RSU. The semipermanent 
gradient for the heavy RSU is not a small exit 
gradient due to persisting export of labeled RNA 
from the nucleus, shown most directly by the 
actinomyein experiments. 

The heavy RSU gradient observed here should 
correspond to ribosomes in liver cells and HeLa 
cells that do not detach from membranes during 
puromycin treatment (1, 13). The 28 S RNA 
label gradient showed drug resistance whether 
treatment was performed for 45 min or 3 h, in 
vitro or in vivo. As shown earlier, a 45-min 
treatment is enough to annihilate the light RSU 
gradient. 

The difference in spreading behavior between 
the two RSU is likely to be due to their different 
engagement to the ER. The salivary gland cells 
are studded with rough ER (9), and the produc- 
tion of secretory proteins may correspond to at 
least 80% of the total protein synthesis (5). It is 
known that the heavy but not the light RSU may 
be anchored to the ER (15). Furthermore, work 
in vitro (3) has shown that the light but not the 
heavy RSU when attached to membranes will 
exchange with added free RSU of the corre- 
sponding kind. The cytoplasmic zone analyses 
therefore provide a good in vivo correlate to 
these findings. 

Labeled 28 S RNA when initially entering the 
cytoplasm (3 h after injection of uridine) was, to 
a high degree, sensitive to puromycin (7). This 
indicates that most of the newly synthesized 
heavy RSU first enter free polysomes. In view of 
the extensive secretory function of these cells, it 
seems unlikely that the majority of the polysomes 
are free. Heavy subunits may, therefore, as sug- 
gested for another Dipteran (2), go from free to 
bound polysomes unless they can exist in loosely 
membrane-bound polysomes, the heavy RSU of 
which would be sensitive to puromycin (13). 

The authors are indebted to Elisabet Ericson and Ker- 
stin Spetz for skilful technical assistance, to Chana 
Szpiro for culturing the animals, to Anne-Marie Ma- 
kower for drawing the illustrations and to Hannele 
Jansson for typing the manuscript. 

The present work was supported by grants from the 
Swedish Cancer Society and Karolinska Institutet (Re- 
servationsanslaget). 

Received for publication 10 November 1975, and in 
revised form 7 May 1976. 

LONN AND EDSTROM Mobility Restriction In Vivo o f  Heavy Ribosomal Subunit 579 



R E F E R E N C E S  

1. BLOBEL, G., and V. POTTER. 1967. Studies on free 
and membrane-bound ribosomes in rat liver. II. 
Interaction of ribosomes and membranes. J. Mol. 
Biol. 26:293-301. 

2. BOSHES, R. A. 1970. Drosophila polyribosomes. 
The characterization of two populations by cell 
fractionation and isotopic labeling with nucleic 
acid and protein precursors. J. Cell Biol. 46:477- 
490. 

3. BORGESE, D., G. BLOBEL, and D. SABATINI. 1973. 
In vitro exchange of ribosomal subunits between 
free and membrane-bound ribosomes. J. Mol. Biol. 
74:415-438. 

4. CLEVER, U., STORBECK~ I., and C. G. ROMBALL. 
1969. Chromosome activity and cell function in 
polytenic cells. I. Protein synthesis at various 
stages of larval development. Exp. Cell Res. 

55:306-316. 
5. DOYLE, D., and H. LAUFER. 1969. Sources of 

larval salivary gland secretion in the Dipteran Chi- 
ronomus tentans. J. Cell Biol. 40:61-78. 

6. EDSTR•M, J.-E., and W. BEERMANN. 1962. The 
base composition of nucleic acids in chromosomes, 
puffs, nucleoli and cytoplasm of Chironomus sali- 
vary gland cells. J. Cell Biol. 14:371-380. 

7. EDSTR6M, J.-E., and U. L6NN. 1976. Cytoplasmic 
zone analysis: RNA flow studied by micromanipu- 
lation. J. Cell Biol. 70:562-572. 

8. EDSTR6M, J.-E., and R. TANGUAY. 1974. Cyto- 

plasmic ribonucleic acids with messenger charac- 
teristics in salivary gland cells of Chironomus ten- 
tans. J. Mol. Biol. 84:569-583. 

9. KLOETZEL, J., and H. LAUFER. 1969. A fine-struc- 
tural analysis of larval salivary gland function in 
Chironomus thummi (Diptera). J. Ultrastruct. Res. 
29:15-37. 

10. PELLING, C. 1964. Ribonuklein~ure-synthese der 
Riesenchromosomen. Autoradiographische Un- 
tersuchungen an Chironomus tentans. Chromo- 
soma (Berf.). 15:71-122. 

11. REIJNDERS, L., P. SLOOF, J. SIVAL, and P. BORST. 
1973. Gel electrophoresis of RNA under denatur- 
ing conditions. Biochim. Biophys. Acta. 324:320- 
333. 

12. RINGBORG, U., and L. RYDLANDER. 1971. Nu- 
cleolar derived RNA in chromosomes, nuclear sap 
and cytoplasm of Chironomus tentans salivary 
gland cells. J. Cell Biol. 51:355-368. 

13. ROSBASH, M., and S. PENMAN. 1971. Membrane- 
associated protein synthesis of mammalian cells. I. 
The two classes of membrane-associated ribo- 
somes. J. Mol. Biol. 59:227-241. 

14. RUBINSTEIN, L., and U. CLEVER. 1971. Non- 
conservative processing of ribosomal RNA in an 
insect, Chironomus tentans. Biochim. Biophys. 
Acta. 246:517-529. 

15. SABAT1NI, D., Y. TASHIRO, and G. PALADE. 1966. 
On the attachment of ribosomes to microsomal 
membranes. J. Mol. Biol. 19:503. 

580 THE JOURNAL OF CELL BIOLOGY" VOLUME 70, 1976 


