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SUMMARY 

When rat  l i v e r  nucleol i  were isolated in the presence of 5 mM 
spermidine rather than 5 mM magnesium, the nucleolar-associated RNA polyme- 
rase a c t i v i t y  was found to increase some lO-fold.  The spermidine-isolated 
nucleol i  contained more than twice the amount of DNA found in magnesium- 
isolated nuc leo l i .  The protein concentrations and RNA content were s imi lar .  
These f indings suggest that spermidine st imulat ion of nucleolar DNA-dependent 
RNA polymerase may be due to i t s  capacity to increase the amount of DNA 
avai lable as template for  the enzyme. 

Polyamines are found ubiqui tously in l i v ing  organisms ( I )  and the i r  

synthesis and accumulation are enhanced in rapid growth systems (2-9). 

Observations have been made by numerous invest igators that polyamine 

accumulation para l le ls  RNA accumulation (3,4,10-12). Further, in the 

anucleolate mutant of Xenopus laevis,  ne i ther  rRNA nor spermidine are 

accumulated a f te r  gastrulat ion (8). Autoradiographic studies indicate that 

3H-putrescine and 3H-spermidine accumulate at the nucleolus, the s i te  of rRNA 

synthesis (13,14). 

In an attempt to elucidate the underlying mechanism of the re la t ion-  

ship(s) between polyamines and rRNA, we have studied the ef fects  of spermidine 

on nucleol i  isolated from rat  l i ve r .  

MATERIALS 

Uridine-5-3H-5'- t r iphosphate (~12Ci/mM) was obtained from New England 

Nuclear or from Amersham-Searle. Contaminants were removed by chromatography 
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in a solvent system consisting of isobutyr ic acid, H20 and concentrated NH40H 

(66:33:1). After the chromatogram was dried, the pur i f ied UTP was visualized 

under u l t rav io le t  l i gh t  and eluted with d i s t i l l e d  H20. The dTTP-y-32 P 

(4 Ci/mM) was obtained from ICN. DNA, RNA, GTP, CTP, ATP, UTP, dTTP, dATP, 

dCTP, dGTP, pyruvate kinase, and phosphoenolpyruvate were obtained from Sigma. 

Spermidine, spermine, and d i th io th re i to l  were obtained from Calbiochem. The 

~-amanitin was graciously donated by Prof. T. Wieland, Max Planck Ins t i tu te ,  

Munich, Germany. Female Sprague-Dawley rats (100-150 g each) were obtained 

from Z iv ic -M i l l e r  and were used as the source of l i ve r  t issue in a l l  

experiments. 

METHODS 

Isolat ion of the nucleus, the nucleolus~ and nucleolar RNA polymerase 

In two volumes of a 0.34 M sucrose solution containing ei ther 5 mM 

magnesium or 5 mM spermidine as the s tab i l i z ing  cation, 20 g of l i v e r  were 

homogenized at 2 ° using a glass-tef lon homogenizer. Nuclei, isolated 

according to the method of Ro and Busch (15), were subjected to sonic 

disruption and the nucleoli released were pur i f ied in accordance with the 

published procedure (15). The result ing nucleolar preparation was free, 

essent ia l ly ,  of nuclear contamination, having less than 1 nucleus per 4000 

nucleol i .  

The nucleol i ,  in turn, were disrupted at high ionic strength and 

the RNA polymerase(s) were pa r t i a l l y  pur i f ied by ammonium sulfate f ract ion-  

ation followed by DEAE-Sephadex chromatography (16). This preparation was 

desalted by dialysis pr ior  to assaying for enzyme ac t i v i t y .  

RESULTS AND DISCUSSION 

Although others have used low amounts of spemine along with high 

magnesium concentrations for  the isolat ion of nuclei and nucleol i ,  th is is the 

f i r s t  time, to our knowledge, that a polyamine alone has been used to isolate 

nuclear and nucleolar fract ions. 
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Table I. Effect of sperm±dine on nucleolar-associated RNA polymerase and on 
pa r t i a l l y  pur i f ied nucleolar RNA polymerase 

Experiment Fraction 

A Whole nucleoli isolated with 
5 mM sperm±dine 

Whole nucleoli isolated with 
5 mM magnesium 

Par t ia l l y  pur i f ied polymerase assayed 
with 5 mM sperm±dine 

Par t ia l l y  pur i f ied polymerase assayed 
with 5 mM magnesium 

Enzyme Ac t i v i t y  

(cpm/106 nucleoli) 

486 ± 53 

54 ± 8 

(cpm/mg DNA) 

1500 ± 230 

1630 + 250 

RNA polymerase assayed according to the method of Roeder and Rutter (16). 

Each value represents the mean ± SE of 5 determinations in duplicate on 
5 separate preparations. 

(A) Assay mixture contained 20 ug cal f  thymus DNA (Sigma, Type I ) ,  1.0 ~mole 
KCl, 0.75 ~mole NaF, 0.5 ~mole PEP, 0.2 umole 2-mercaptoethanol, 
0.075 ~mole each of GTP, CTP, and ATP; 0.0125 ~mole UTP, 0.0005 ~mole 
3H-UTP, 2.5 ~q pyruvate kinase, 7 ~moles Tris HCI, pH 7.9; 0.2 ~mole 
MnCl 2, and ei ther 0.05 or 0.075 ml of nucleolar preparation in a f inal 
volume of 0.125 ml. 

(B) Assay components were the same as (A), except that ei ther 5 mM sperm±dine 
or 5 mM magnesium was added as indicated, and 0.075 ml of enzyme 
preparation was used. 

When the nucleoli were isolated in the presence of 5 mM sperm±dine 

rather than 5 mM magnesium, i t  was observed that the nucleolar-associated RNA 

polymerase was lO-fold more active (Table I ,  Experiment A). This ac t i v i t y  was 

insensit ive to inh ib i t ion by 1 uM ~-amanitin. Neither sperm±dine nor magnesium 

were used in the actual assay for RNA polymerase ac t i v i t y .  However, af ter 

part ia l  pur i f icat ion of the nucleolar RNA polymerase, i t s  ac t i v i t y  assayed in 

the presence of 5 mM sperm±dine was s imi lar  to that assayed in the presence of 

5 mM magnesium (Table I ,  Experiment B). These data were interpreted to mean 

that sperm±dine was not affecting the polymerase ac t i v i t y  by interact ion with 

the enzyme i t s e l f ,  and that we had pur i f ied away the factor or factors upon 
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Table I I .  Effects of iso la t ion of rat  l i v e r  nucleol i  with spermidine upon 
t he i r  DNA, RNA, and protein content 

Fraction 

Nucleoli isolated with 
5 mM spermidine 

pig_protein/no pg RNA/no pp_ DNA/no 

8.2 1.2 1.0 

Nucleoli isolated with 7.5 0.99 0.41 
5 mM magnesium 

Nucleoli were isolated by the method of Ro and Busch (15). 

DNA content was assayed according to the method of Burton (17), RNA by the 
method of Schneider (18), and protein by the method of Lowry et al .  (19), 
except in the spermidine f ract ions in which the microbiuret method was 
used (20). 

pg = picowams; no = nucleolus. 

which spermidine was acting in order to cause enhanced nucleolar RNA 

polymerase act ivat ion of the in tact  nuc leo l i .  

Analysis of the levels of RNA, DNA, and protein in the nucleolar 

f ract ions indicated that there were indeed dramatic di f ferences between the 

fract ions isolated with 5 mM spermidine and those isolated with 5 mM magnesium. 

The spermidine-isolated nuc leo l i ,  fo r  example, contained twice as much DNA 

(Table I I )  as those isolated with magnesium. The amount of DNA found in 

association with the magnesium-isolated nucleolus is in good agreement with 

data from other laborator ies (21). However, the amount of DNA associated 

with the spermidine-isolated nucleolus is higher and is s imi lar  to the amount 

associated with the nucleolus of a Walker tumor ce l l .  Further, e lectron 

micrographs of nuclei isolated with 5-10 mM spermidine and spermine show 

extra chromatin caps (22), and these caps may be extra DNA bound by 

polyamines to the nucleolus. 

The DNA-dependent RNA polymerase found in the nucleolar f rac t ion  

of rat  l i v e r  appears to be rather spec i f i c  for  mammalian DNA as i l l u s t r a t e d  

in Table I I I .  The a c t i v i t y  measured with the addi t ion of  bacter ia l  DNA or 

other nonmammalian DNAs was about 25% of  the e f f i c iency  found with mammalian 

DNA. 
215 



Vol. 47, No. 1, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table I I I .  Relationship of or iqin of DNA to nucleolar DNA-dependent 
RNA polymerase ac t i v i t y  

Oriqin cpm incorporated 

Calf thymus 19,906 

Salmon 5,833 

Soft roe 4,700 

Herring 3,900 

CI. perfrinqens 5,900 

E. coli 4,725 

RNA polymerase assayed accordin~ to the method of Roeder and Rutter (16). 

With the exception of the oriain of the DNA, the assay mixture was the 
same as shown on Table I. A 0.05 ml al iouot of a nucleolar preparation 
isolated with 5mM spermidine was used in each assay. Each value is the 
mean of 4 determinations. 

On the basis of these findings we feel that i t  is reasonable to 

propose that the increase in nucleolar RNA polymerase ac t i v i t y  in response 

to spermidine reported herein, which has been reported by other workers (23), 

is due to the increased amount of DNA found associated with the nucleolus 

when spermidine is present. Further studies are in progress to determine the 

nature of this DNA. 
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