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Summary. The incubation of Krebs ascites tumor cells in medium with a high salt concentration resulted in a partial 
inhibition of nuclear RNA synthesis. The residual RNA polymerase activity in such nuclei was only slightly inhibited by 
low concentrations (50 nM) of a-amanitin. This finding suggested an inhibition of RNA polymerase II activity under 
conditions of medium hypertonicity. Indeed, RNA polymerase II, isolated from the nuclei of cells exposed to hypertonici- 
ty, revealed only half of the control activity. On the other hand, RNA polymerase I was not affected by hypertonicity. 
Moreover, chromatin fractions isolated from cells incubated in hypertonic or isotonic medium were equally template- 
active in RNA synthesis. 

The control of eukaryotic gene expression has proved to be 
different from that of prokaryotic cells. Whereas the latter 
takes place mainly at the gene level during transcription, 
post-transcriptional control is also involved in the eukaryot- 
ic cell. The best-known examples of such regulatory 
mechanisms are the activation of a repressor of protein 
synthesis in reticulocyte lysates devoid of hemin, and that 
of similar translational inhibitors under the effect of inter- 
feron, double-stranded RNA or oxidized glutathione (for 
recent reviews, see Revel and Groner 3 and Safer and 
Anderson4), Though investigated less extensively, there are 
other cases in which the regulation also seems to take place 
also at the translational level, i.e., owing to changes in the 
incubation medium of cells, like renewal of the medium 5, 
elevation of the salt concentration 6 x0, or of the incubation 
temperature 11-13. These changes generally result in an inhi- 
bition of the initiation phase of protein synthesis. Among 
these, the inhibition caused by hypertonicity of the cell 
medium appears to show a relevance to the events in a cell 
during mitosis 6,7'14. After exposure of the cells to hyperto- 
nicity a breakdown of the polysomes caused by an inhibi- 

8 10 tion in initiation takes place- with the subsequent ap- 
parent masking of the released mRNA 7. The results to be 
reported below suggest that, besides these changes at the 
translational level, hypertonicity causes an inhibition of 
RNA polymerase II. 
Materials and methods. Incubation of cells. Krebs ascites 
tumor cells, kindly provided by Dr I. Horak, Wt~rzburg, 
were grown in BALB/c mice. The harvested cells were 
collected by centrifugation for 2 min at 120xg and, 
thereafter, resuspended in minimal essential medium (Ea- 
gle) supplemented with 7% fetal calf serum. Alternatively, 
the cells were kept in the ascites fluid. (In both cases, the 
results obtained are in good agreement.) For experiments 
on hypertonicity, in either case, 4-5 ml of cell suspension 
containing ~ 107 cells/ml were divided into 2 halves; one of 
these was kept as the isotonic control (I) and the other was 
made hypertonic (H) (100 mM additional NaC1) by addi- 
tion of an appropriate volume of 2 M NaC1 to the medium. 
After incubation for 15 rain at 37~ under continuous 
shaking, the cells were again collected by centrifugation as 
above. 
Preparation of nuclei and chromatin. The crude nuclear 
fraction obtained 1~ was resuspended with a Dounce homo- 
genizer in the homogenization buffer containing 1 mM 
MgC12, 5 mM 2-mercaptoethanol, 20 mM Tris-HC1, pH 7.4, 
410 mM sucrose and 0.5% Triton X-100. The nuclei were 
collected by centrifugation for 10 min at 1000xg, resus- 
pended in 10 mM Tris-HC1, pH 7.4, 6 mM MgC12, 1 mM 
EDTA, 5 mM 2-mercaptoethanol and 30% glycerol and 
kept in liquid nitrogen. In order to isolate the chromatin, 
nuclei were distrupted in 20 mM EDTA-pH 7.4, 80 mM 
NaC1 and 0.1 mM phenylmethanesulfonylfluoride (PMSF). 
The extracted chromatin was collected by centrifugation at 
10,000• g for 15 min and resuspended in 80 mM NaC1, 
10 mM Tris-HC1, pH 7.4 and 0.1 mM PMSF and centri- 
fuged as above. All steps were repeated twice and the 

chromatin thus obtained was resuspended in 10 mM 
Tris-HC1, pH 7.4 and 0.1 mM PMSF and kept in liquid 
nitrogen. 
Solubilization and fractionation of RNA polymerases. 
RNA polymerases were extracted from nuclei by sonica- 
tion, treated with protamine sulfate and fractionated by 
DEAE-cellulose chromatography as described 15'16. 
RNA synthesis. Activity in RNA synthesis was assayed with 
minor modifications as described 15. The standard reaction 
mixtures for RNA synthesis contained in 0.1 ml 0.4 mM 
each ATP, GTP, CTP and 0.04 mM [14C] UTP (The 
Radiochemical Center, Amersham), sp.act. 53 Ci/mole), 
40 mM Tris-HC1, pH 7.4, 5 mM MgC12, 1 mM MnC12, 
100 mM KC1 and 14 mM 2-mercaptoethanol. After 15 rain 
at 25 ~ 75-gl aliquots were plated on G F / A  (Whatman) 
filters and C13CCOOH-precipitable radioactivity was deter- 
mined. The amounts of nuclei or solubilized RNA poly- 
merase proteins were as indicated in the legends. If a-ama- 
nitin (generously given by Dr T. Wieland, Heidelberg) was 
present, its concentration was 50 nM. 
General methods. Protein determination was carried out 
according to Lowry 17 and that of DNA according to Bur- 
ton ~8. 

Table 1. The effect of a-amanitin on RNA synthesis activity in 
nuclei from cells incubated with or without cycloheximide in 
isotonic (I), hypertonic (H) or first in hypertonic and then isotonic 
(IH) medium 

System [14C]-UMP incorporated 
(pmoles/100 gl) 
I H IH 

Complete 85.9 62.3 85.8 
+ a-amanitin 53.6 52.1 56.7 
+ cycloheximide 98.2 70.3 88.4 
+ a-amanitin and cycloheximide 50.8 38.0 42.7 

Reaction conditions were as indicated in 'methods and materials'. 
100 gl reaction mixture contained 4.2 A260 units of nuclei and, if 
present , 50 nM a-amanitin. Cycloheximide concentration in 
culture medium was 100 gM. 

Table 2. The template activity of the chromatin fractions, from 
cells incubated in isotonic (I) or hypertonic (H) medium, as 
assayed in the presence of calf thymus RNA polymerase 

System [14C]-UMP incorporated 
(pmoles/100 gl) 
(I) chromatin (H) chromatin 

Complete 26.6 25.0 
- RNA polymerase 6.9 6.9 
+ a-amanitin 18.4 18.0 

Assay conditions were as indicated in 'methods and materials'. 
100 gl reaction mixtures contained 25 gg chromatin DNA and 
32 gg calf thymus RNA polymerase protein (fraction III). If 
present, a-amanitin concentration was 50 nM. 
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Results. The nuclei from the cells incubated in hypertonic 
(H) medium were less active in RNA synthesis than those 
from control (I) cells. On the other hand, nuclei from cells 
passed from hypertonic to isotonic medium again (IH) 
displayed completely recovered activity, attesting to the 
reversibility of the inhibition caused by hypertonicity 
(table 1). Moreover, the residual activity in RNA synthesis 
in (H) nuclei was in comparison to the control activity only 
slightly depressed by low (50 nM) a-amanitin concentra- 
tion. The presence of cycloheximide in the incubation 
medium increased the extent of RNA synthesis in all types 
of nuclei, probably because of the stimulation of the 
activity of RNA polymerase I119,2~ However, the poly- 
merase activity in the nuclei from the cells exposed to 
hypertonicity remained again under the control level. The 
addition of 50 nM a-amanitin depressed RNA synthesis 
and abolished the cycloheximide-promoted stimulation in 
all cases. 
As shown in table 2, there was no difference between the 
template activities of the chromatin fractions from normal 
or hypertonic nuclei as assayed in the presence of heterolo- 
gous calf thymus RNA polymerase fraction. This finding 
contrasted with some other cases where RNA synthesis 
seems to be regulated through changes in the chromatin 
structure which hinder the binding of RNA polymerase to 
the template 21. 
Moreover, there was no difference observed in the activity 
of RNA polymerase I from cells incubated in either isoton- 
ic or hypertonic medium (fig.). However, the RNA poly- 
merase II from the cells incubated in hypertonic medium 
displayed only half of the control activity. 
Discussion. The effects of medium hypertonicity on gene 
expression appear to be complex according to the findings 
reported above. Besides the inhibition of protein synthe- 
sis 64~ a partial inhibition of nuclear RNA polymerase 
activity occurs. Medium hypertonicity causes an inhibition 
of nuclear RNA polymerase activity which is sensitive to 
low (50 nM) a-amanitin concentrations. Moreover, RNA 
polymerase II fractionated from the nuclei of cells exposed 
to hypertonicity reveals only half of the control activity. 
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Dependence of RNA synthesis on the amounts of RNA poly- 
merase I or II fractions added. Decrease in the activity of RNA 
polymerase II from cells exposed to hypertonicity. Experimental 
procedure was as described under 'methods and materials'. RNA 
polymerase I and II were separated by chromatography on DEAE- 

16 cellulose . / x - - ~ ,  Isotomc RNA polymerase I; �9 � 9  hyper- 
tonic RNA polymerase I; O-----O, isotonic RNA polymerase I1; 
�9 ~,  hypertonic RNA polymerase II. 

This reduced activity does not appear to result from a 
leakage of RNA polymerase II from (H) nuclei since a n  
activity sensitive to low (50 nM) a-amanitin concentrations 
was not found in the postnuclear supernatant fraction (not 
shown). Moreover, as shown in an early communication 22, 
a leakage due to nuclear damage is apt to involve RNA 
polymerase I rather than II. An additional inhibition of 
RNA polymerase III seems also unlikely on account of the 
sensitivity of inhibited activity to low a-amanitin concen- 
trations. Thus, we assume that the nuclear component of 
RNA synthesis inhibited predominantly by the medium 
hypertonicity corresponds to RNA polymerase II. 
The inhibition of RNA synthesis might be due to the 
primary inhibition of protein synthesis, i.e. of a component 
of RNA polymerase II turning over rapidly. However, the 
observed stimulation of a-amanitin-sensitive RNA poly- 
merase activity after the addition of cycloheximide to the 
hypertonic cell medium implicates a different mechanism, 
provided cycloheximide exerts its effect solely at the trans- 
lation level 23. Also, cycloheximide, employed at concentra- 
tions not fully inhibitory for protein synthesis, has been 
shown to stimulate RNA synthesis in aminoacid starved 
cells 24. 
The relationship of hypertonicity-mediated changes to the 
events occurring during cell division remains to be estab- 
lished. Besides some morphological similarities, i.e. chro- 
matin condensation 6,7, both cases display a block in the 
initiation of protein synthesis concomitant with an inhibi- 
tion of RNA synthesis 6-l~ 14,25,26. Thus, work on hypertonic- 
ity-mediated changes in cells might provide further insight 
into the cellular control mechanisms during mitosis. 
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