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Five f rac t ions  of r ibonucleopro te in  s t r u c t u r e s  were  detected h i s tochemica l ly  in the nucleolus 
of r e t i cu l a r  cel ls  cult ivated in v i t ro .  Chrysomal in  (an inhibitor of RNA synthes is)  causes  the 
d i sappea rance  of the f i r s t  three  f rac t ions ,  and ethionine (an inhibi tory of prote in  synthesis)  
causes  four f rac t ions  to d i sappear .  The fifth f rac t ion  - a complex of RNA with DNA of the 
he t e roch roma t in  type - is r e l a t ive ly  stable.  

In 1964, the w r i t e r s  r epor t ed  the d i scove ry  of five f rac t ions  of r ibonucleoprote ins ,  differing in their  
i soe l ec t r i c  p roper t i e s ,  by h i s tochemica l  methods in the nucleoli  of nerve  cel ls  [7]. Four  of them were  
r ibouucleoprote ins  (RNPs), while the fifth was considered to be a complex of he te rochromat in  type between 
RNP and DNA. More recen t ly ,  the exis tence  of such a complex has been ver i f ied by b iochemica l  methods:  
RNP isolated f rom nuclei of cal f  thymus cells was found to contain about 4% of DNA which could not be 
r emoved  f rom the complex e i ther  by t r e a t m e n t  with desoxycholate  or by gentle t r ea tmen t  with r ibonuclease  
or desoxyr ibonuc lease  [8]. This paper  d e s c r i b e s  data concerning RNP fract ions  in nucleoli of  cul tures  of 
p r ima t e  r e t i c u l a r  cel ls  t r ea ted  with inhibi tors  of RNA or prote in  synthes is .  

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

The following cel ls  w e r e  used in the exper iments :  t ransplantable  lines of J -96 cel ls  obtained f rom the 
blood of a pat ient  with subacute  monocyt ic  leukemia  [9]; monkey tonsil  cei ls  (MTC) [2], and sublines L-41 
and MTC-45,  obtained f rom the above-ment ioned  lines by t rea t ing  the cei ls  with CoxsacMe B3 and polio-  
myel i t i s  t3~pe I v i ruses ,  r e spec t ive ly ,  as a r e s u l t  of which these  sublines acquired speci f ic  r e s i s t a n c e  to the 
cytopathogenic act ion of the homologous v i rus  [4]. The ce l l s  were  cult ivated on cover  s l ips  of Leighton 's  
tubes in med ium No. 199 with 10% bovine s e r u m  (100,000 ce l l s /ml ) ;  on the second or  third day of cultivation 
the cei ls  we re  fixed and the i soe l ec t r i c  points of r ibonucleoprote in  s t ruc tu r e s  (IEP RNP) de te rmined  by 
staining with methylene blue by Shabadash ' s  method [6] in pH zones f rom 2.6 to 10.4 a t  in tervals  of 0.2 unit. 
Detai ls  of the method were  descr ibed  p rev ious ly  [7]. In some exper imen t s  the cel ls  we re  t rea ted  e i ther  
with ch rysoma l in  (the Soviet  analog of ac t inomycin  D [1]), an inhibitor of DNA-dependent  RNA synthes is ,  
or  with ethionine, an inhibi tor  of prote in  synthes is  [3]. Chrysomal in  was injected in a final concentrat ion of 
1 p g / m l  and the cei ls  we re  fixed 1, 6, 12, and 24 h la ter ;  ethionine was given in concentrat ions of  1, 2.5, 5, 
and 10 p g / m l  and the cei ls  w e r e  fixed 24 h la ter .  

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

As was observed prev ious ly  [5], on the whole the IEP  RNP of r i bosomes  and organel les  in the cyto-  
p l a sm of L-41 and MTC-45 ce l l s  r e s i s t a n t  to a definite en te rov i rus  we re  displaced toward alkaline pH value 

Labora to ry  of Regulation in the Human and Animal  Organism,  Academy of Sciences of the USSR. N. F. 
Gama leya  Inst i tute  of Epidemiology and Microbiology,  Academy of Medical Sciences of the USSR, Moscow. 
(Presented  by Academic ian  V. V. Parin.) .  Trans la ted  f rom Byulle ten '  ]~ksperimental 'noi  Biologii i Medit-  
siny, Vol. 69, No. 4, pp. 107-110, April ,  1970. Original  a r t i c l e  submit ted July 10, 1969. 

�9 Consultants Bureau, a division of Plenum Publis](ing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

458 



Fig. i. Culture of monkey tonsil cells (2 days after 
seeding; treatment with chrysomalin for 1 h): peri- 
nucleolar chromatin visible as granules and as a 
"cap" against the background of coarsely granular 
chromatin of the nucleus, i) ~Cap; ~ 2) chromatin 
of nucleus. Stained with methylene blue at pH 3.5 
by Shabadash's method, 200 x. 

XXXX I . . f " ~  
3~ 

?e XXX l " f"  ~a 

xx la xx[ ~I. - ~ ' / "  

x F .- . -- . -J '~ _.-- '"..--1 x ......,,/-. 

3.s 3.8 ~.0 ~',2 ~',5 ~,8 3,5 ~,,0 ~,5 r ~5 ~0 s,5 7.0 

Fig. 2. Isoelectric points of ribonucleoprotein structures of 
J-96 cells retaining their structure after treatment for 6 h 
with chrysomalin. A: i) cytoplasmic granules; 2) nucleus; B: 
3) perinucleolar chromatin; 4) nucleolus; la, 2a, 3a, 4a) cor- 
responding structures of control cells. Abscissa, pH values; 
ordinate, intensity of staining of structures (in excess)~ 

compared with those of the original cell. However, the basic principles of detection of IEP for different 
categories of RNA were similar in all studied cell strains. In their nuclei, just as in the nuclei of nerve 
cells [7], five fractions of RNP-structures differing in their IEP were detected. The first RNA fraction had 
the appearance of a greenish-blue structureless mass, diffusely distributed throughout the nucleolus; this 
category of RNP stained at the highest pH values; its IEI ~ lay within the range 2.5-2o7. The second fraction 
was found in pH zone 2.7-3.2 and consisted of dark blue granular structures in the central part of the nucleo- 
lus. The third was marked by a continuous, diffuse, and intensive staining of the whole nucleolus; it looked 
like a massive "eye" against the pale background of the relatively unstained nucleus. The fourth fraction 
consisted of the peripheral RNP of the nueleolus, forming an irregular mass or a dark circular rim; it was 
very variable. The high reactivity of the nucleolus makes it extremely probable that this RNP is not de- 
tected to an equal degree even in neighboring cells. The fifth fraction appeared at more alkaline pH values 
of the order of 4.0-4.5, as distinctive processes or "caps" of RNP-complex. These structures can break 
away from the nueleolus and migrate across the karyoplasm to the nuclear membrane, where they became 
rounded in shape and, in some cases, increased in size~ In some ceils this breaking away is accompanied by 
a marked decrease in the RNP content in the central part of the nucleolus. Judging from previous obser- 
vations [7], this category of RNP is a special complex (or symplex) with DNAo 

After treatment of the cells with chrysomalin, the first ehange~ were found in the nucleolus. After i h 
they assumed an "empty" appearance: the RNA of the first, second, and third fractions no longer stained. 
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The per inuc leo la r  chromat in  (4th and 5th ~ractions) became  granu la r  in appearance ;  s o m e t i m e s  it  r e sembled  
a broken r ing  or  c h a r a c t e r i s t i c  "cap" near  the nucleolus (Fig. 1). However,  no subs tant ia l  change in the IEP  
RNP of the cell  s t r u c t u r e s  was observed under these c i r cums tances .  The action of inhibitor for 6 h caused 
degenera t ion  of some  cei ls ;  in the r emain ing  morphologica l ly  intact  cel ls ,  the I E P  of the RNP s t ruc tu r e s  of 
the cy top lasm and nucleus was displaced toward alkal ine pit va lues ;  a pa r t i cu la r ly  marked  d i sp lacement  
was observed  in the I E P  of the nucleolus and per inuc teo la r  chromat in  (Fig. 2), which was stained a dull blue 
color~ The more  prolonged act ion of ch rysomal in  led to degenera t ion  of mos t  eel ls  of the layer;  nei ther  the 
nucleolus or the pe r inuc leo la r  chromat in  s tained in the morphologica l ly  intact  cells .  Only in a few Ceils 
could r ema ins  of the RNP complex (5th fraction) s t i l l  be seen. 

After  the action of ethionine in a concentra t ion of 1 ~ g / m l ,  a shif t  of IEP of the per inuc leo la r  chromat in  
toward alkaline pH values  by 1.0-1.2 unit of the pH sca le  was observed.  Higher  concentra t ions  of  the inhibi- 
tor  led to cor responding  changes  in the IEP  of the nucleolus also.  I f  ethiontne was given in a concentrat ion 
of 10 p g / m l ,  marked  degenera t ion  of m o s t  cei ls  was observed:  the nucleolt  appeared  "empty n and deformed;  
the pe r iphe ra l  RNP of the nucleolus (4th fract ion) d i sappeared  and could not be detected a t  any of the pH 
values  used. By cont ras t ,  a wel l -def ined R N P - D N P  complex (5th fract ion) was c Iea r ly  vis ible ,  and s o m e -  
t imes  i t  eouId be seen  to b r eak  away f rom the nucleoius and to m i g r a t e  toward the nuclear  m e m b r a n e .  

The five f rac t ions  of nueleolar  r ibonuc leopro te ins  descr ibed  above w e r e  thus found in ce l l s  which 
differed sharp ly  in the i r  functional and morphologica l  p roper t i e s .  Since they were  detected both in the 
ne rve  cel ls  of an imals  and in cel ls  of mono layer  cu l tures ,  there  is r e a son  to suppose that the exis tence  of 
these RNP f rac t ions  re f l ec t s  the exis tence  of genera l  cytological  pr inciples .  To judge f rom changes in these 
RNA frac t ions  a f t e r  t r e a t m e n t  with inhibitors of cell  syn thes i s ,  the RNA of the f i r s t  three  f rac t ions  is a 
morphologica l  exp res s ion  of r ibonucleoprote in  newly formed in the nucleolus: it d i sappea r s  if synthes is  of 
RNA or  of prote in  is inhibited. The fourth f ract ion,  the one which is changed to the g r e a t e s t  degree  by inhi- 
bition of prote in  synthes is ,  evidently cons is t s  of an RNP complex in which the proport ion of newly formed 
prote in  is high. The fifth f rac t ion  p o s s e s s e s  r e la t ive ly  high s tabi l i ty  of the action of the abovementioned 
inhibitors;  i t  can be a s sumed  that its components  metabo l ize  re la t ive ly  slowly. 

The pH values at which the different RNP categories in cultures of primate reticular celIs appear do 
not co r respond  to the vaIues  a t  which they were  detected in nerve  cei ls  [7]~ This d i s a g r e e m e n t  is evidently 
due to the high r eac t i v i t y  of the nucleolus,  which makes  it  e x t r e m e l y  likely, as was mentioned previous ly  
[7], that  d i f ferent  r e su l t s  will  be obtained even for  neighboring cei ls  a t  the s ame  level  of the nervous sys t em,  
and s t i l l  m o r e  for r epea t ed ly  dividing cel ls  of an explanted t issue when compared  with s tabi l ized nerve  cel ls .  
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