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Inject ion of cyclohextmide into r a t s  was shown not to change the acid and alkaline r ibonuclease  
(RNase) act ivi ty  in the cy top la sm of l ive r  cel ls .  Meanwhile inhibition of pro te in  synthesis  by 
cycloheximide led to a d e c r e a s e  in RNase act ivi ty  of m i c r o s o m e s  and membrane -bound  poly-  
s o m e s .  RNase  act ivi ty  of f r ee  po lysomes  in l ive r  cel ls  was cons iderably  inc reased  a f t e r  ad- 
min i s t r a t ion  of cycloheximide.  
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It  was shown prev ious ly  that inhibition of pro te in  synthesis  by cyeloheximide p reven ts  des t ruct ion of 
total  mRNA, including that  containing polyadenylic  acid (polyA), in r a t  l i ve r  cel ls  [1, 3]. Under these  c i r c u m -  
s tances  s tabi l iza t ion  of the mRNA of membrane -bound  po lysomes  is observed,  although the mRNA of f ree  poly-  
somes  evidently continues to be des t royed  [2, 4]. The question of the reasons  for  the di f ference in stabil i ty of 
the mRNA of the two c l a s s e s  of po lysomes  in l ive r  cel ls  during the act ion of cycloheximide has not been ex- 
plained. One approach  to its solution is to de te rmine  r ibonuelease  (RNase) act ivi ty in l ive r  cel ls  during inhibi- 
tion of p ro te in  synthes is .  The re  have been only isolated publications on this subject .  It is known [9], for  in- 
s tance,  that  admin i s t r a t ion  of var ious  inhibi tors  of pro te in  synthesis  to r a t s  does not change acid or  alkaline 
RNase act ivi ty  in the l ive r  cell cy toplasm.  Other  worke r s  have shown that injection of cycloheximide into ra t s  
reduces  RNase act ivi ty  in the m i c r o s o m a l  f rac t ion  of l ive r  cel ls  [11]. 

The object  of this invest igat ion was to study the poss ib le  role  of RNases  in s tabi l izat ion of mRNA in ra t  
l i ve r  cel ls  during inhibition of pro te in  synthes is .  Activi ty of cy top lasmic  acid and alkaline RNases ,  RNase 
of the m i c r o s o m a l  f ract ion,  and also RNases  of membrane -bound  and f ree  po lysomes  was de te rmined .  These  
invest igat ions  were  c a r r i e d  out a f t e r  admin i s t r a t ion  of the t r ansc r ip t ion  inhibitor ac t inomycio  D, cyclohex- 
imide,  and of both ant ibiot ics  together .  

E X P E R I M E N T A L  M E T H O D  

Male Wis t a r  r a t s  weighing 180-200 g were  used.  Act inomycin D (Reanal) and cycloheximide (Serva) were  
injected in t raper i tonea l ly  in doses  of 2.5 and 100 mg /kg  body weight respec t ive ly ;  the an imals  were  killed 3 h 
l a t e r .  The isola ted l i ve r  was cut into smal l  p ieces  and homogenized in th ree  volumes of 0.5 M Tris-HC1,  pH 
7.6, containing 0.025 M KC1, 0.005 M MgC12 (TKM buffer) and 0.25 M sucrose ,  in a continuous-flow homogenizer  
with Teflon pes t le .  The homogenate  was centr ifuged at 600g for  10 rain to r emove  the nuclei,  and the super -  
natant (postnuclear  fract ion)  was centr ifuged at 15,000g for  10 min to r e m o v e  mi tochondr ia .  The supernatant  
(the S-15 fract ion) was used for  de te rmina t ion  of act ivi ty  of acid and alkaline RNases  and also to obtain the 
m i c r o s o m a l  fract ion,  for  which purpose  the S-15 f rac t ion  was centrifuged at 80,000g for  l h .  The supernatant  
(pos tmicrosomal )  f rac t ion  Was subsequent ly  used to isola te  f ree  po lysomes .  The res idue  (microsomes)  was 
suspended e i the r  in 0.05 M Tris-HC1,  pH 8.0, containing 0.1 M NaC1 (to de te rmine  m i c r o s o m a l  RNase activity),  
o r  in TKM buffer  containing 0.25 M suc rose  (to obtain membrane -bound  po lysomes) .  To obtain m e m b r a n e -  
bound and f r e e  po lysomes  respec t ive ly ,  the m i e r o s o m e s  and p o s t m i c r o s o m a l  fract ion,  a f t e r  t r ea tmen t  with 
sodium deoxycholate (final concentra t ion  1%), were  layered  above a two-s tep  (2 ml of each, 2 and 1.35 M) con- 
centra t ion grad ien t  of suc rose  made up in TKM buffer ,  and centr ifuged at 105,000g for  18 h. The res idues  of 
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TABLE 1. RNase Activity in Rat Liver  under 
the Influence of Inhibitor of Protein  Synthesis 

Specific RNase activity, units/rag 
protein 

Experimental S-15 fraction 
condition 

Control 
Actinomycin D 
Cycloheximide 
Actinomycin D + 
cy clohgxim id e 

Legend. 

pH 7,6 ~m 
~ith- ~ith ~ ~ 

PH5'6 ?Ut~cMB~ CMB "~~ 

1,8 0,34 0,53 1,66 
1,9 0,34 0,62 0,95 
1,76 0,36 0,5 0,63 

2,2 0,45 0,88 0,7 

i polysomes 

, ~ . 1 o  

8.85 
116 
0,29 

0,2 

PC MB) p- chloromercuribenzoate. 

1,7 
5,3 
6,0 

5,3 

membrane-bound and f ree  polysomes were suspended in 0.05 M Tris-HC1, pH 8.1, containing 0.1 NI NaC1, and 
were used to determine RNase activity. This was done by the method descr ibed in [5], using RNA-I~C as sub- 
s t ra te .  

RNase activity was judged f rom the degree of increase  of radioactivi ty in acid-soluble mater ia l .  The 
unit of RNase activity was taken to be the quantity of enzyme which catalyzed l iberation of 1 nCi acid-soluble 
mater ia l  f rom RNA-14C at 37~ [n 1 h. Specific RNase activity was expressed in uni ts / rag protein.  The pro-  
tein concentrat ion was determined by Lowry ' s  method [12]. 

E X P E R I M E N T A L  R E S U L T S  

As Table 1 shows, specific activity of acid and alkaline RNases in the l iver cell cytoplasm (S-15 fraction) 
was unchanged after  administrat ion of act inomycin D, cycloheximide, or  a combination of both into ra ts .  More-  
over,  alkaline RNase activity in all cases was increased equally in the presence  of 0.2 mM p - c h l o r o m e r c u r i -  
benzoate in the incubation medium. On the other hand, mic rosomal  RNase activity was reduced after  adminis-  
t rat ion of cycloheximide alone and together  with act inomycin D. Microsomal  RNase activity also was reduced 
by the action of act inomyc[n D alone, although by a l e s se r  degree than in the presence  of cycloheximide or  a 
combination of cycloheximide with act inomycin D. This could be explained by the direct  effect of the antibiotics 
on enzyme activity.  However, it was shown previously  that act inomycin D [15] and cycloheximide [11] do not 
affect RNase activity [n vitro. Another reason  for the decrease  in mic rosomal  RNase activity under the in- 
fluence of cyclohextmide could be as follows. After injection of eycloheximide into rats  the production of gluco- 
cort icoids,  which depressed l iver  m[c rosomal  RNase activity in vivo [7], in the adrenal  cortex is known to be 
increased [10]. However, there ts evidence [11] of a reduction in RNase activity of the l iver  mic rosomes  af ter  
adminis t ra t ion of eycloheximide to adrenalectomized rats  also. All this suggests  that the decrease  in l iver  
mic rosomal  RNase activity under the influence of eycloheximide is most  probably due to cessat ion of synthesis 
of molecules of this enzyme.  Indirect  evidence in support  of this view is given by the fact that act inomycin D 
reduces  microsorna lRNase  activity by a l e s se r  degree than cycloheximide (Table 1). 

This difference in the action of these antibiotics can be explained as follows. It has recent ly  been shown 
that inhibition of protein synthesis by act inomycin D in eukaryotes is the resul t  of inhibition of t ranscr ip t ion by 
this antibiotic and not of its d i rec t  action on t ranslat ion [8]. It can accordingly be postulated that under the in- 
fluence of aet inomycin D the synthesis of microsomal  RNase will continue for a short  t ime to correspond to the 
half-l ife of mRNA of this enzyme. As regards  cycloheximide, it ought to inhibit RNase synthesis  quickly. 

It will be c lear  f rom Table 1 that af ter  administrat ion of cycloheximide alone and together  with actino- 
mycin D to rats ,  RNase activity of lnembrane-bound polysomes of the l iver  cells was considerably reduced. 

Under the influence of aet inomycin D alone, RNase activity also was considerably reduced compared with 
the control, but not to the same degree as by the action of cyeloheximide, alone or  together  with act inomycin D. 
In that ease the reasons for the decrease  in RNase activity of the membrane-bound polysomes were evidently 
the same as in the case of mtc rosomal  RNase. 

By contras t  with RNase of the mic rosomes  and membrane-bound polysomes,  RNase activity of f ree  poly- 
somes of the l iver  cells was increased following adminis t rat ion of act inomycin D, cycloheximide, or  a com-  
bination of both to ra ts ;  in all three cases ,  moreover ,  this st imulating effect was the same (Table 1). There 
are  thus differences in the response of RNases of membrane-bound and free polysomes of ra t  l iver  cells to 
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injection of different  inhibi tors .  It may  be that there  is a specif ic  s h o r t - l i v e d  (like i ts  mRNA) pro te in  inhibitor 
of RNase of f r ee  po lysomes  in l ive r  cel ls .  When pro te in  synthesis  is inhibited by cycloheximide,  the p r e -  
exist ing molecules  of the inhibi tor  a r e  rapidly  des t royed,  and synthesis  of new molecules  is prevented,  which 
ought to lead to an i nc rea se  in RNase  act ivi ty  of the f r ee  po lysomes .  In the p r e sence  of ac t inomycin  D, rapid 
des t ruc t ion  of the t empla tes  (mRNA) of the inhibi tor  pro te in  evidently takes place and, in turn, leads to c e s sa -  
tion of its synthes is  and, consequently,  to an i nc rea se  in RNase act ivi ty also.  

Evidence in suppor t  of the suggested model is given by the resu l t s  of many  invest igat ions showing that 
in te rac t ion  between labile inhibitor pro te ins  and RNase molecules  is the m e c h a n i s m  which l ies  at  the bas i s  
of control of RNase  act ivi ty  in eukaryote  cel ls  [13]. More d i rec t  evidence in support  of this hypothesis  is that 
an inhibi tor  of the endo-RNase  which pa r t i c ipa te s  in des t ruc t ion  of the poly A segment  in the mRNA molecule  
has  been found in f ree  r i b o s o m e s  of guinea pig adrenals  [14]. Finally, two latent  endo-RNase  act ivi t ies  bound 
with r i b o s o m e s  have been found in the ske le ta l  musc les  of r a t s ,  in which mos t  of the r i bosomes  a r e  in the f ree  
s tate  in the cy top lasm (i.e., not bound with m e m b r a n e s  of the endoplasmic  re t iculum).  Under these c i r c u m -  
s tances  the act ivi ty  of one RNase is cons iderably  inc reased  on the addition of p - c h l o r o m e r c u r i b e n z o a t e  to the 
incubation mix ture ,  which leads to des t ruc t ion  of mRNA of the po lysome.  These  data also suppor t  the exis tence 
of an inhibitor (evidently of pro te in  nature) of endo-RNase  in the r i bosomes  [6]. 

In conclusion, i t  should be noted that changes in RNase activi ty of membrane -bound  and f ree  po lysomes  
in l i ve r  cel ls  during inhibition of p ro te in  synthes is  by cycloheximide c o r r e l a t e  well with the mHNA turnover  
of these two c l a s se s  of po lysomes  under  the influence of the antibiotics [2, 4]. 

The authors  a r e  gra teful  to P r o f e s s o r  V. S. Shapot for  taking pa r t  in the d iscuss ion  of the resu l t s  and 
fo r  valuable commen t s .  
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