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Summary : The author found a sugar-containing 70 KDa factor  in 

rat  l i v e r  nuclei as described in the previous report (1) ,  which 

repressed RNA chain i n i t i a t i o n  by a l l  classes of rat  l i v e r  RNA 

polymerases and spec i f i ca l l y  stimulated chromatin-dependent RNA 

chain elongation catalyzed by RNA polymerase I I .  In th is communi- 

cation, the loca l iza t ion of th is factor  in rat  hepatic ce l ls  was 

studied. In the cytoplasmic f rac t ion ,  a large-molecular-weight 

regulat ing ac t i v i t y  for  chromatin-dependent RNA polymerase I I  

reactions was observed and i t  was characterized to be a 250 KDa 

glycoprotein. This factor  showed the same biological  a c t i v i t y  

for chromatin-dependent RNA polymerase I I  reactions as that of 

the factor  reported previously (1). Furthermore, th is factor  

was converted to the 70 KDa factor  by the action of exogenous 

or unknown endogenous protease(s). These resul ts suggest that 

a conversion mechanism from cytoplasmic factor  to nuclear factor  

for  RNA polymerase II-dependent t ranscr ip t ion ex is ts .  ©1984Acad:1~ 
Press, Inc. 

Heparin has been known as an a r t i f i c i a l  modulator for  chromatin- 

dependent RNA polymerase I I  reactions in v i t ro  (2). This molecule 

shows an inh ib i t i on  on RNA chain i n i t i a t i o n  and a st imulat ion on 

the elongation react ion. On the other hand, previously, Kinoshita 

suggested that a hepar in- l ike substance is a possible i n i t i a t o r  of 

RNA synthesis in sea urchin embryo and such a substance migrates 

from cytoplasm to nuclei at the gastrulat ion stage (3,4).  However, 

the deta i ls  of the material has not been elucidated compleLely. 
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Recently, the author found a novel factor  in rat  l i ve r  nuclei ,  

which shows the same actions for  chromatin-dependent RNA polymerase 

I I  reactions as that of heparin ( I ) .  This factor is not heparin 

as judged by the physicochemical analysis and i t  is characterized 

to be a 70 KDa sugar-containing material ( I ) .  

In th is  paper, the author fur ther  analyzed the loca l iza t ion  of 

the factor  mentioned above. A large-molecular-weight regulat ing 

a c t i v i t y  fo r  chromatin-dependent RNA polymerase I !  reactions was 

found in the cytoplasmic f rac t ion as that of heparin. This factor  

was characterized to be a 250 KDa glycoprotein, which can be 

converted to the 70 KDa sugar-containing factor  by the exogenous 

or endogenous protease(s). The signi f icance of such conversion 

between cytoplasmic factor  and nuclear factor  is discussed from 

the standpoint of RNA polymerase l l-dependent t ranscr ip t ion.  

MATERIALS AND METHODS 

Preparation of rat  l i v e r  cytosol and iso la t ion of 250 KDa factor  

Rat l i ve r  cytosol was prepared by the fol lowing method. Liver 

of male Sprague-Dawley rats (about 200 g body weight) was minced 

with scissors in two volumes of cold 2.1M sucrose and 3 mM MgCI 2 

and homogenized with I0 strokes in a Potter-type homogenizer. 

The homogenate was f i l t r a t e d  through 4 layers of gauze, mixed with 

8 volumes of the same medium and centr i fuged at 28 K rpm for  1 hr 

in a Hitachi RP-30 rotor .  Nuclear pe l l e t  was used for  the prepara- 

t ion of RNA polymerase I I  and nuclear factor .  The cytoplasmic 

supernatant was dialyzed against TGMED buffer  (50 mM Tris-HCl pH 7.9, 

20 % grycerol ,  5 mM MgCI 2, 0.I mM EDTA and 0.I mM d i t h i o t h r e i t o l ) ,  

applied on a DEAE Sephadex A-25 column ( I .8  x 12 cm) and eluted with 

TGMED buffer  containing 30 mM ammonium sulphate. The eluates were 

concentrated by sa l t ing out with two volumes 

sulphate (pH 7.9). Af ter  cent r i fugat ion at 1 

a Beckman JA-20 ro tor ,  the prec ip i ta te  was di 

(I0 mM Tris-HCl pH 7.5, 12.5 % glycero l ,  0.5 

d i t h i o t h r e i t o l ) ,  applied on a Bio gel A-l.5m 

and eluted with TGED buf fer  containing 0.5 M 

f rac t ion .  Each f rac t ion  was concentrated by 

of saturated ammonium 

6 K rpm for  15 min in 

ssolved with TGED buffer  

mM EDTA and 0.2 mM 

column (0.6 x 94 cm) 

NaCI at 1.5 ml per 

sa l t ing out with two 
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volumes of saturated ammonium sulphate (pH 7.9) and centr i fuged. 

The prec ip i ta te  was dissolved with 0.5 ml of TGMED buffer and 50 ~l 

was used for  the assay. I f  necessary, a f te r  the t rypsin digestion 

(bovine pancreas, Sigma, 50 #g/ml) was performed at 37°C for  l hr, 

the rechromatography of Bio gel A-l.5m was carr ied out. 

Preparation of 70 KDa factor  from nuclei 

70 KDa factor  of nuclei was prepared by the previous method (1)o 

Assay for RNA polymerase I I  ac t i v i t y  

DNA or chromatin-dependent RNA polymerase I I  a c t i v i t y  was assayed 

by the previous method (1). 

Analysis of the physicochemical propert ies of the factor 

Sugar analysis was performed as described in the previous paper (1). 

Heparin and factors were hydrolyzed at llO°C for 5 hr in 6 N HCI. 

The hydrolyzate was applied on a s i l i ca  gel-coated plate (Merck, 

20 x 20 cm). Enzyme treatments with t ryps in ,  DNase I ,  RNase A , 

lipase C (Sigma) and Turbo cornutus glycosidases (Seikagaku Kogyo, 

Japan) were carr ied out at 50 #g/ml for  l hr at 37°C. 

RESULTS AND DISCUSSION 

As described in the previous report (1), a novel factor for  

chromatin-dependent RNA polymerase I I  reactions exists in rat  l i ve r  

nuclei.  The factor  shows the repressing e f fec t  on RNA chain i n i t i a -  

t ion,  whereas i t  exhib i ts  the st imulatory e f fec t  on chramatin- 

dependent engaged RNA polymerase I I  reaction at a high ionic strength. 

Furthermore, the author studied the loca l iza t ion of the factor  

in the cytoplasmic fa rc t ion .  In order to proetct the leakage of 

the cel l  nuclear materials, the cytoplasmic f ract ion was prepared by 

the use of magnesium-containing hypertonic sucrose. When the RNA 

polymerase I and I I  ac t i v i t i es  were taken as marker enzymes of 

the nuclear f rac t ion ,  these ac t i v i t i es  were not detected (not shown). 

This resu l t  suggests that the nuclear substance are not leaked out 

into the cytoplasmic f rac t ion .  In the cytoplasmic f rac t ion ,  although 

the author could not detect the 70 KDa factor  reported previously 

(1), a much larger inh ib i to ry  ac t i v i t y  for  exogenous DNA-dependent 
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F ig . l  Bio gel A-l.5m column chromatography of the ra t  l i v e r  

cytosol f r a c t i o n .  (a) The preparat ion of the cytosol f rac t ion  

and Bio gel A-l.Sm chromatography were performed as described in 

methods. (b) A f te r  the same crude cytosol f r ac t i on  was incubated 

at 37 C for  l hr, the same chromatography was car r ied  out. 

Upper arrows in the f igure  show the markers ; Jack bean urease 

(480 KDa), bovine catalase (250 KDa) and bovine serum albumin 

(67 KDa) from the l e f t  to the r i g h t .  

RNA polymerase I I  reaction was observed. As shown in F ig . la ,  th is 

large-molecular-weight factor was estimated to be about 250 KDa as 

judged by some markers in a Bio gel A- l .5 m chromatography. This 

factor showed the s imi la r  properties as that of the 70 KDa factor 

(1). The factor ex ib i ted the inh ib i to ry  actions for  chromatin- 

dependent RNA polymearse reactions at a low ionic strength (50 mM 

ammonium sulphate) and speci f ic  st imulat ion for RNA polymerase I I  

reaction at a high ionic strength (250 mM ammonium sulphate) (Tablel) .  
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Table 1 Effects of 250 KDa factor on RNA polymerase 

reactions in rat l i ve r  chromatin 

Concentration of (NH4)2SO 4 
3H]UMP Incorporation 

(CPM) 

Control Treated 

Treated 

Control 
- - ( v , )  

-amanitin sensitive ac t i v i t y  

50 mM 3498 854 24.4 

250 mM 7154 24798 346.6 

-amanitin resistant ac t i v i t y  

50 mM 990 406 41.0 

250 mM 980 1090 111.2 

Chromatin-dependent RNA polymerase ac t i v i t y  was assayed in the 

absence or presence of ~-amanintin (I ~g/ml). The radioact iv i ty  

is the average of t r i p l i ca te  assays. 

Furthermore, an i n te res t i ng  phenomenon was observed. This large-  

molecular-weight fac to r  was converted to the 70 KDa fac tor  by an 

incubation of the crude f r ac t i on  before the app l i ca t ion  to the 

gel f i l t r a t i o n  ( F i g . l b ) .  The same conversion of the 250 KDa fac to r  

was also observed by a treatment with bovine pancreas t ryps in  (F ig .2 ) .  

This phenomenon also occurred by other proteases, but not by DNase I ,  

RNase A and l ipase C (not shown). This a c t i v i t y  was los t  by the 

treatment with glycosidases as shown in the ana lys is  of the 70 KDa 

fac tor  in the previous paper ( I )  (not shown). In add i t ion ,  sugar 

analys is of the converted 70 KDa fac to r  t reated with t r yps in  showed 

the same pattern of sugar components as that  of the 70 KDa fac to r  

from nuclei (F ig .3 ) .  In add i i ton ,  as shown in F ig.3,  these factors 

do not contain heparin components such as glucosamine and xylose,  

which were e luc idated in the previous repor t  (5) .  These resu l t s  

ind icate that  250 KDa fac to r  contains the same 70 KDa fac tor  from 

nuclei and that  i t  is  not heparin or heparin complex. Possib ly,  

250 Kd fac tor  seems to be a complex o~ sugar and p ro te in ,  g lycoprote in .  
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Fig.2 Bio gel A-l.5m column chromatography of the trypsin digest 

of 250 KDa factor,  250 KDa factor in Fig. la was incubated at 37°C 

for 1 hr in the (a) absence and (b) presence of bovine pancreas 

t rypsin and each preparation was applied on a Bio gel A-l,5m column. 

Upper arrows in the f igure show the same markers in F ig . l .  

Fig.3 Analysis of sugar components of the factors by s i l i ca  gel 

th in layer chromatography. A, B and C in the f igure show the 

marker sugars ; glucose, glucosamine and xylose, respectively. 

D, E and F represent heparin, 70 Kd factor in Fig.2b and 70 KDa 

factor from nuclei ,  respectively. After development of th in layer 

chromatography with a solvent system of butanol / pyridine / water, 

i t  was burnned and darkening spots are indicated. 
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Next, the author analyzed the r e l a t i v e  percent of these fac tors  

in the cytoplasmic and nuclear f r a c t i o n s .  As shown in Table 2, the 

i n h i b i t o r y  a c t i v i t y  of  the 70 KDa fac to r  in nuc le i  was estimated to 

be 8-15 % of the t o t a l  c e l l u l a r  a c t i v i t y  and the a c t i v i t y  in the 

cytoplasmic f r a c t i o n  was 85-92 %. Amongst nuclear  a c t i v i t i e s ,  the 

very small po r t ion  ( I - 2  % of  the t o t a l  a c t i v i t y )  was t i g h t l y  bound 

to chromatin f r a c t i o n  (not  shown). RNA polymerase I I  in the t i g h t l y -  

bound chromatin f r a c t i o n  is complexed wi th  RNA synthesis s t imu la to ry  

fac tors  and t ranscr ibes  e f f i c i e n t l y  towards chromat in- template (6) 
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Table 2 Relative act iv i ty  of the factor in the cytoplasmic and 
nuclear fractions 

Relative act iv i ty  of tota] recovered act iv i ty  

Cytoplasm Nuclei 

Experiment l 
92.2 % 7.8 % 

Experiment 2 
85.4 % 14.6 % 

One unit of the factor was assumed as 50 % inhibition act iv i ty  on the 

assay system of DNA-dependent RNA polymerase II  reaction in this paper. 

The relative act iv i ty  of the factor in the cytoplasm and nuclei was 

calculated from the units of inhibit ion and the sample volume of cytoplasm 

and nuclear fractions. 

and re f lec ts  nuclear mRNA synthesis a c t i v i t y  during physiological 

changes (7). The re lat ionship between the 70 KDa factor and 

t i g h t l y  bound RNA polymerase I I  in the t ranscr ip t iona l  regula- 

t ion is being studied. 

Anyhow, the existence of a conversion mechanism from the cyto- 

plasmic and nuclear factors for  RNA polymearse I I  seems to be an 

interest ing problem in the f i e l d  of the t ranscr ip t iona l  regulat ion. 
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