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Introduction 

I t  has been found  t h a t  ribonuc]ease can induce m a n y  puffs in  the 
sal ivary gland chromosomes of Drosophila buslcii (RITOSSA and  vo~  BoB- 
ST~L, 1964). On the other hand,  i t  is known  tha t  RNase can work in vivo 
in  this mater ia l  (RITOSSA, 1962) and  t h a t  puffs are regions of high R N A  
conten t  (P~LLI~G, 1964; SWIFt, 1962; I~ITOSSA, in  press). To under-  
s t and  this apparen t  paradox,  we under took  this  series of invest igat ions 
to determine the effects of ribonuc]ease on pre-exist ing and  newly 
synthesized RNA.  

Materials and Methods 

Third instar larvae of Drosophila buslcii have been used throughout this work. 
The larvae were grown on a normal medium enriched 20% by fresh yeast. The 
temperature was kept at 25~ In order to induce puffs by anaerobiosis the larvae 
were ]eft under a flow of nitrogen for 10 minutes, then left in the nitrogen atmosphere 
for 35 minutes further. Air was then given and the salivary glands were excised and 
maintained in Ephrussi-Beadle solution (EPIIRussI and BEADLE, 1936). Alter- 
natively the larvae were kept under mineral oil for 4 hours and then the salivary 
glands were excised in Ephrussi-Beadle solution. About 10 minutes after readminis- 
tration of air, three puffs arise. 

In  order to induce puffs with ribonuclease, the excised glands were incubated 
in Ephrussi-Beadle solution containing 5 mg/ml ribonuelease (Light and Co. or 
Worthington) for 5 hours. Control glands were incubated in plain Ephrussi-Beadle 
solution. In some experiments 5 mg/ml of histone or protamine were added. 

The cells were fixed in 60% acetic acid and squashed after brief staining with 
aceto lactic orcein. The siliconized coverslips were removed after immersion in 
liquid nitrogen, hTucleotides were removed by extraction in 5% cold TCA. 
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For colorimetric detection of RNA in the puffs, fixed and squashed preparations 
were stained for one hour at 60~ in a 0.25% solution of Azure B (National Aniline 
Division) in phosphate buffer at pH 4. The slides were rinsed in water, passed 
through three changes of t-butyl alcohol, cleared in xylol, and mounted in clarite. 

Ribonuclease digestion of the fixed ceils was performed at 30~ for 21/2 hours. 
The concentration of the enzyme was 0.5 mg/ml and the p t t  was adjusted to 7. 

NTB-3 nuclear emulsion was used for autoradiography. All the labeled com- 
pounds used were given in a solution containing 0.1 mC/ml. Their specific activities 
were as follows: uridine 4 C/raM; thymidine 6 C/mM; L-histidine 1.1 C/raM; L-lysine 
0.4 C/raM; L-isoleucine 0.5 C/raM; L-phenyl~]anine 1.65 C/raM; L-leueine 0.5 C/raM; 
D-L tryptophan 0.6 C/raM. Uridine and tryptophan were from New England 
Nuclear Corporation; all the others were from Schwartz Bioresearch Corporation. 

Results 

E//eet o/ ribonuclease on RNA and RNA synthesis in living cells. I n  
order  to  t es t  the  effects of r ibonuclease on l~/qA synthesis ,  puffs induced  
e i ther  b y  anaerobiosis  or b y  r ibonuclease were used. W e  shall  f i rs t  
consider  the  anaerobios is - induced puffs. F o r  the  control,  the  la rvae  were 
p laced  in a n i t rogen  a tmosphere  for 45 minu tes  (or under  minera l  oil for 
four  hours)  ; sa l iva ry  glands  were dissected f rom the  l a rvae  and  incuba ted  
under  a shallow oil drop  in Ephruss i -Beadle  solut ion conta in ing  t ta-ur i-  
dine for two hours.  This anaerobic  t r e a t m e n t  induces three  puffs which 
are heav i ly  labe led  (Fig. 1 a). The nucleolus is also heav i ly  labe led  and  
some r a d i o a c t i v i t y  is found in the  cy top lasm (Fig. 2). W h e n  the  Ephruss i -  
Beadle  solut ion contains  5 mg/ml  r ibonuclease as well as the  H~-uridine, 
only  the  nucleus is l abe led ;  the  label  is res t r i c ted  to the  puffs a n d  the  
nucleolus organizer  (Fig. 1 b and  1 c). The nucleolar  profile d isappears .  
T h a t  the  d i sappearance  is real  is conf i rmed b y  the  examina t ion  of the  
r ibonuc lease - t rea ted  cells under  phase  optics  or j u s t  af ter  f ixa t ion  in 
60 % acet ic  acid. 

The  course of I%NA synthesis  follows a s imilar  p a t t e r n  in puffs 
induced  b y  r ibonuclease  itself. As a control  the  sa l iva ry  g lands  are 
dissected a w a y  from the  la rvae  and  incuba ted  for five hours  in Ephruss i -  
Beadle  solut ion conta in ing H3-uridine (Fig. 3a).  The nucleolus and  
var ious  chromosomal  regions are labe led  in the  nucleus. W h e n  5 mg/ml 
r ibonuclease  is i ncuba ted  wi th  the  same mix tu re  for five hours,  t he  only  
regions in which label  can be seen are newly  arisen, r ibonuclease- induced  
puffs and the nucleolus organizer (Fig. 3b). The amount of radioactivity 
is considerably less than that seen in the puffs induced by anaerobiosis 
after only two hours of HS-uridine treatment. 

In order to determine whether the puffs were still functioning, the 
cells were first incubated in ribonuclease for five hours and then given 
a 30-minute pulse of Ha-uridine. The same results were obtained: the 
puffed regions and the nucleolus organizer were lightly labeled, indicating 
that l~l~A was still being synthesized in these regions. 



146 F . M .  I~ITOSSA et al.: R i b o n u c l e a s e  e f f e c t s  o n  Drosophila s a l i v a r y  g l a n d  cells 

Fig. I a. Squashed preparations of salivary gland chromosomes of third instar larvae of 
D. busekii. The larvae were kept under mineral oil for four hours, then incubated for two 
hours  in  Ephruss i -Bead le  solut ion con ta in ing  H3-uridine in  order  to induce  the  puffs  in  
regions  30 B, 31 B and  38 A of t he  2 L chromosome.  These  puffs  appeal" to  be heav i l y  labeled 
Fig .  I b. The  cells h a v e  been  t r e a t ed  as in  Fig .  I a b u t  5 m g / m l  r ibonuclease  was  added  to 
the  Ephruss i -Bead le  solution. Some r a d i o a c t i v i t y  is sti l l  found  in the  puf fed  regions.  
Fig .  l c .  The  cells were  sub jec ted  to exac t ly  the  same  t r e a t m e n t  as in  Fig .  l b .  This  photo-  

graph shows the labeled nueleolus organizer and the puffs 



Fig. 2. The same treatment has been applied to the salivary gland cells as in Fig. i a. 
Liquid emulsion was applied over the entire cell after fixation. The nueleolus and the cyto- 

plasm are particularly heavily labeled 
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Fig. 3 a. Sa l ivary  glands of  D.  buscki i  were incuba ted  for f ive hours  in Ephruss i -Beadle  
solution conta ining Ha-uridine. The  nuclear  emulsion was appl ied over  the  squashed cells 
Fig. 3 b. The  sa l ivary  glands  were t r e a t ed  as in Fig. 3 a bu t  5 mg /ml  r ibonuelease was  added  

to the  Ephruss i -Beadle  solution. The  r ibonuclease- indueed puffs are pale ly  labeled 
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Ribonuclease removal o / R N A  / tom/ ixed cells. When cells are fixed 
in 60% acetic acid, incorporated HS-uridine is completely removed by  
the ribonuclease digestion as indicated in the methods; H3-uridine is not 
removed in a water control. 

R N A  content o/ ribonuclease-induced pu//s. When ribonuclease- 
induced puffs are stained with azure B, the puffs are intensely colored. 

Fig.  4 a. The s a l i va ry  g lands  of D. busckii were incuba ted  for  two hours  in  Ephruss i -Bead le  
solution, t h e n  a 30-minute  pulse of H~-leueine was  g i v e n  

Fig .  4b.  The  so.Iivary g lands  were  i ncuba ted  for  two hours  in  Ephruss i -Bead le  solut ion 
con ta in ing  5 m g / m l  r ibommlease ,  t hen  a 30-minute  pulse of H~-Ieueine was  g iven .  No 

r a d i o a c t i v i t y  is found  in the  cell 

The amount of staining is much heavier in the ribonuclease-induced 
puffs than in the normally occurring puffs or in the anaerobiosis-induced 
puffs, even those tha t  involve the same chromosomal regions. 

E]/ects o/ribonuclease on amino acid incorporation. When a salivary 
gland is incubated in Ephrussi-Beadle solution for two hours and then 
a ItS-labeled amino acid is added to the incubation mixture for 30 min- 
utes, the cells become strongly labeled (Fig. 4a). When 5 mg/ml ribo- 
nuclease is added to the incubation mixture for the first two hours of 
incubation, no labeling takes place (Fig. 4b). Tritium-labeled histidine, 
lysine, leueine, isoleueine, phenylalanine, and t ryptophan  were used 
separately. 

Chromosoma (Berl.), Bd. 16 l l 
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E]]ects of ribonudease on D N A  synthesis. When tI3-thymidine is 
added to the incubation mixture after five hours of ribonuclease treat- 
ment,  the tt3-thymidine incorporation is apparent ly normal. I t  has been 
found previously tha t  puffs are never labeled with tta-thymidine when 
the chromosomes are labeled discontinuously along their length, but  the 
puffs are, of course, labeled in the continuously labeled chromosomes 
(I~I~OSSA, in press). I t  is of interest to note tha t  when approximately 
40 puffs are induced by  ribonuclease, puffs remain unlabeled in the 
discontinuously labeled chromosomes. 

Discussion 
Since only remnants  of the nucleolus are left after incubation with 

ribonuclease, and I~NA and DNA syntheses are not blocked, the evidence 
appears to be incontrovertible tha t  ribonuclease can break down RNA 
in cells tha t  are actively metabolizing. ALFEI~T and DAS (1962) have 
suggested tha t  removal  of I~NA from ribonuclease-treated cells of root 
tips does not occur in the living condition but  only after fixation. Our 
observations cannot be explained in this way because loss of nucleolar 
material  can be observed in the living cell. 

The decreased labeling of the puffs with HS-uridine in the ribo- 
nuclease-induced puffs appears to be caused by  isotope dilution rather  
than  by  ribonuclease interference with RNA synthesis or by  digestion of 
I~NA in these sites. There is more RNA in the ribonuclease-induced 
puffs than  in other puffs, and these puffs are still synthesizing RNA; it 
seems likely therefore tha t  the contribution from broken cytoplasmic 
and nucleolar RNA to the nucleotide pool is such to dilute the added 
trit ium-labeled nridine. I t  thus appears tha t  RNA at  the sites of syn- 
thesis is not susceptible to degradation by  ribonuclease. 

The induction of many  puffs by  ribonuelease is an interesting pheno- 
menon. There are undoubtedly many  possible explanations for this : one 
of the more plausible is tha t  with inhibition of protein synthesis there is 
a feedback to the genes which call for more gene product to be formed. 
I f  this were true, then specific antimetabolites should be able to induce 
specific puffs, while puromycin should be able to induce a number  of 
puffs. Up to now, a t tempts  to induce puffs with puromycin and other 
antimetabolites have been unsuccessful. The general model tha t  can 
be formulated from our experiments is tha t  the appearance of the puffs 
induced by  ribonuclease is caused as a consequence of the breakdown of 
RNA, either by  feedback of RNA breakdown products, or by  release of 
possible 1%NA repressors. 

When puffs are formed there is an increase of protein as well as I~NA 
in the puffs ( B ~ M A S N ,  1959 ; SWIFT, 1962). After two hours of incuba- 
tion in ribonuclease, amino acid incorporation into protein has ceased, 
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y e t  puffs arise a f te r  five hours  of incuba t ion  while p ro te in  synthes is  is 
no t  resumed.  The evidence appears  to  be conclusive t h a t  the  p ro te in  
t h a t  accumula tes  in puffs dur ing  puff  p roduc t ion  m u s t  pre-exis t .  

Summary  

I t  was shown t h a t  r ibonuclease  degrades  the  nuclcolus in ac t ive ly  
metabo l iz ing  cells. I t  does th is  wi thou t  inh ib i t ing  R N A  synthes is  in the  
puffs and  the  nucleolus organizer.  D N A  synthes is  stil l  cont inues before 
or af ter  puff  format ion ,  while amino  acid incorpora t ion  is inh ib i ted  before 
the  puffs are formed,  ind ica t ing  pre-exis tence of pro te ins  invo lved  in the  
process of puff  format ion.  

References 

ALFE~T, M., and N. K. DAS : Effects of ribonuclease on root tip cells before and after 
fixation. Aeta histoehem. (Jena) 14, 321--326 (1962). 

BE]~3]~MA~, W. : Chromosomal differentiation in insects. Developmental Cytology, 
ed. D. RvD~cIcK, p. 83--103. New York: Ronald Press 1959. 

EPm~vssI, B., and G. W. BEADLE: A technique of transplantation for Drosophila. 
Amer. Naturalist 70, 218--236 (1936). 

PELLI~G, C.: Ribonucleins~ure-Synthese der Riesenehromosomen. Autoradio- 
graphische Untersuchungen an Chironomus tentans. Chromosoma (Berl.) 15, 
71--122 (1964). 

RITOSSA, F. M.: Attivits sintetiche al livello dei puffs in D. busckii. Atti Assoc. 
Genet. Ital. 7, 147--156 (1962);-- Behavior of RNA and DNA synthesis at the 
puff level in salivary gland chromosomes of Drosophila. Exp. Cell Res. (in press). 

- - ,  and R. C. voIr BOI%STEL: Chromosome puffs in Drosophila induced by ribo- 
nuclease. Science 14~, 513--514 (1964). 

SWIFT, H. : Nucleic acids and cell morphology in Dipteran salivary glands. Sym- 
posium on the Molecular Control of Cellular Activity, ed. J. M. ALLE~, p. 73--  
125. New York: McGraw-Hill Book Co. 1962. 

Dr. R. C. vo~r BORSTEL, 
Biology Division, Oak Ridge National Laboratory 

P. O. Box Y, Oak Ridge, Tennessee 37831, USA 

11" 


