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SUMMARY. The s i te  of  synthesis of acidic chromosomal proteins was studied 
by pu-uTs-e labeling exponential ly growing HeLa cel ls with leucine-3H at 20 ° 
and determining the amount of rad ioact iv i ty  incorporated into proteins 
af ter  chasing for various periods of time, or af ter  addit ion of cyclohexi- 
mide, an i nh ib i t o r  of protein synthesis. The incorporation of leucine-3H 
into total  ce l lu la r ,  cytoplasmic, total  nuclear and acidic nuclear proteins 
was measured. The results indicate that acidic chromosomal proteins are 
largely synthesized in the cytoplasm and then transferred to the nucleus; 
however, the poss ib i l i t y  of some protein synthesis wi th in the nucleus can- 
not be completely eliminated. 

INTRODUCTIOI~ 

Acidic chromosomal proteins are believed by a number of investigators 

to have a regulatory function on the mammalian genome and a considerable 

amount of attent ion has been directed recently towards the i r  role in the 

control of gene expression in general (1-8) and cel l  p ro l i fe ra t ion  in 

par t icu lar  (9-12). 

Robbins and Borun (13) and Gallwitz and Mueller (14) have demonstrated 

that HeLa cel l  histones are synthesized in the cytoplasm on small poly- 

somes, but the s i te  of  synthesis of acidic chromosomal protein has not 

yet been reported. The purpose of the present invest igat ion was to 

determine whether acidic chromosomal proteins of HeLa cel ls  are synthe- 

sized in the nucleus or in the cytoplasm. 

METHODS. Exponentially growing HeLa S 3 cel ls were maintained in sus- 

pension culture at 20 ° for 60 minutes and then pulse labeled for 2 minutes 
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at a concentration of 5 x 106 cells/ml in leucine-free Eagle's Minimum 

Essential Medium (MEM) to which were added 33 ~Ci/ml of l- leucine-3H 

(58 Ci/mmole, New England Nuclear Corporation). An al iquot of  pulse- 

labeled cel ls (2.5 x 107 ce l ls )  was removed, d i luted with I0 volumes of  

iced Earle's sa l t  solut ion (EBS) and pelleted. The other cel ls were 

pel leted by centr i fugat ion (s tar t  of the "chase"), resuspended at a con- 

centration of 5 x 105 cells/ml in MEM (containing normal amount of leucine; 

52 mg/l) supplemented with 3.5% each of ca l f  and fetal ca l f  serum and 

maintained at 20 ° . At 5, 15, 30 and 60 minutes af ter  the s tar t  of the 

chase, samples consist ing of 2.5 x 107 cel ls were removed and pelleted. 

All samples were washed 3 times with 40 volumes of EBS and the nuclei were 

isolated by 3 washings in 80 mM NaCI, 20 mM EDTA and I% Tr i ton X-IO0 (15). 

The nuclei were then extracted twice with 0.15 M NaCI, twice with 0.35 M 

NaCI (sa l t -so lub le acidic proteins) and a crude histone extract was 

obtained by 3 washings with 0.25 N H2SO 4. The pe l le t  was extracted with 

hot 5% t r i ch lo race t i c  acid to remove nucleic acids, and the amount of DNA 

was determined by Burton's modif ication of the diphenylamine reaction (16). 

The remaining pe l le t ,  containing the acidic chromosomal proteins, was 

solubi l ized in 1N NaOH. The incorporation of leucine-3H into total  

ce l l u la r ,  tota l  nuclear and cytoplasmic proteins was determined by pre- 

c ip i ta t i on  with 1 N perchlor ic acid and so lub i l i za t ion  of the precipi tates 

in 1N NaOH. 0.I ml al iquots of each sample were added to I0 ml of 

Liquifluor-Toluene (New England Nuclear Corporation) and counted in a 

Packard Tri-Carb Liquid Scintillation Spectrometer. O.l ml aliquots of 

each nuclear protein fraction were counted in a similar manner. 

RESULTS. Figure la shows that under these conditions there are no sig- 

nificant fluctuations in the amount of leucine-3H in total cellular protein 

between the end of the pulse and the end of the chase, 60 minutes later. 

However, there is an apparent loss of radioactivity from cytoplasmic pro- 

teins with a corresponding increase in the nuclear protein. Figure Ib 
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Fig. 1 
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Incorporation of l-leucine-3H into total cellular (2) © -  ©), 
nuclear ( H - - ~ )  and cytoplasmic (g---Q---Q) proteins at 
various times following a 2-minute pulse with leucine-3H. 

Incorporation of  l-leucine-3H into 3 nuclear protein fractions 
at various times following a 2-minute pulse. 0.35 M NaCI 
f ract ion (© (~, histenes (©---0), acidic chromosomal 
proteins (@---~). 
The ordinate gives the amount ot radioactivity incorporated 
into proteins per mg of DNA; the abscissa gives time in minutes 
after the end of the pulse. 

shows that the amount of rad ioac t iv i ty  in histones as well as in two acidic 

chromosomal protein fract ions (12) increases between the pulse and the end 

of the chase. These results suggest that nuclear proteins synthesized in 

the cytoplasm in the f i r s t  2 minutes of the experiment are entering the 

nucleus in the subsequent 60 minutes. Furthermore, since the cytoplasmic 

synthesis of  HeLa cell histones has been clear ly established (13), and since 

the kinetics of t ransfer  from the cytoplasm to the nucleus are s imi lar  in 

acidic chromosomal proteins and histones, i t  appears that acidic chromo- 

somal proteins are synthesized in the cytoplasm. 

In a second experiment, in order to further minimize the labeling of  

nuclear proteins during the pulse and to eliminate the poss ib i l i t y  of iso- 

tope reu t i l i za t i on ,  cel ls were pulsed as previously described with leucine- 

3H for 30 seconds at 20 ° and then transferred to I0 volumes of 37 ° MEM, 

with the normal amount of leucine, containing 3.5% each of ca l f  and fetal 
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cal f  serum and 5 ~g/ml of cycloheximide. At th is  concentration cyclo- 

heximide inh ib i t s  protein synthesis by more than 95%. Figure 2a shows 

that there is a loss of  rad ioac t iv i ty  from cytoplasmic proteins between 

the end of the pulse and the end of the incubation in the presence of cyclo- 

heximide 60 minutes la ter ,  with a corresponding increase in labeled nuclear 

protein, again suggesting a t ransfer of radioactive proteins from the 

cytoplasm to the nucleus. The increase in rad ioact iv i ty  of  histone and 

acidic chromosomal proteins in the absence of protein synthesis for  60 

minutes af ter  a 30-second pulse (Fig. 2b) is a fur ther indicat ion that these 

proteins are synthesized in the cytoplasm. 
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(b) 

Incorporation of l-leucine-3H into total cellular (9 C)), 
nuclear (0----0) and cytoplasmic (O---O) proteins at various 
times after a 30-second pulse followed by the addition of 
5 ~g/ml of cycloheximide. 

Incorporation of l-leucine-3H into histones (0---0) and 
acidic chromosomal proteins (qD~---q~ under conditions described 
in 2 (a). Ordinate and abscissa as in Fig. I. 

DISCUSSION. These results c lear ly  suggest that acidic chromosomal pro- 

teins are synthesized in the cytoplasm and then are transferred into the 

nucleus, which is consistent with the observation of Speer and Zimmerman 

(17) on the transfer of  newly synthesized proteins from the cytoplasm to 

the nucleus of HeLa ce l l s ;  yet ,  they do not el iminate the poss ib i l i t y  that 

some nuclear proteins may also be synthesized wi th in the nucleus. I t  
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should be pointed out that even after a 30-second pulse at 20 ° some acid- 

precipitable radioact iv i ty  is present in nuclear proteins. Under these 

conditions, 8.5% of the radioact iv i ty  found in nuclear proteins after a 

60-minute chase is already in the nucleus at the termination of a 30-second 

pulse. I t  has been claimed that isolated nuclei from a variety of plant 

and animal tissues are capable of incorporating amino acids into proteins 

in v i t ro  (18-23). In fact, Frenster et al. (24-25) showed that ribosomes 

isolated from calf thymus nuclei are capable of supporting amino acid 

incorporation into proteins, and although the HeLa cell nucleus does not 

contain a significant percentage of cell ribosomes, Gallwitz and Mueller 

(14) have shown that HeLa cell nuclei are capable of synthesizing proteins 

in vitro which differ from those synthesized on the microsomes of the 

same cells under similar conditions. Even i f  some nuclear protein syn- 

thesis does occur, our results indicate that i t  amounts to less than I0% 

of the newly synthesized proteins that are found in the nucleus one hour 

after a 30-second pulse. We can, therefore, conclude that more than 90% 

of the nuclear proteins (including acidic chromosomal proteins) are syn- 

thesized in the cytoplasm and then transferred to the nucleus. 
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