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Cytoplasmic control over nucleic acid biosynthesis has been demonstrated 

by nuclear transplantation (Guraon, 1967) and in heterokaryons resulting from 

cell fusion (Harris, 1967). In these systems, cytoplasmic factors can stimulate 

RNA a&/or DNA synthesis in nuclei which do not normally synthesize either. 

This paper presents evidence for similar cytoplasmic effects on DNA and RNA 

synthesis in isolated nuclei in vitro. --- 

MATERIALSARDMETRODS 

Preparation of nuclei: --- Mouse liver nuclei were prepared from 5-8 week 

old Swiss-Webster mice by a method based on that of Widnell and Tata (1964). 

Ben erythrocytes were isolated by the method of Harris (1967) and lysea 

in distilled water. The nuclei were isolated by a method similar to that de- 

scribed by Shearer and McCarthy (1967). The nuclei were finally suspended in 

0.05 z Tris pH 7.6, 0.003 MMgC12, 0.25 11 sucrose (TMS). Microscopic examina- 

tion of nuclear preparations showed them to be free of cytoplasmic contsmina- 

tion. DNA concentration in the nuclei preparations was determined by the di- 

phenylamine method. 

Cytoplasmic preparations: L-cells were grown as monolayer cultures in 

Eagle's minimum essential medilan with 10% calf serum. Taper liver tumor (TLT) 

cells (Taper, et al., 1966) were grown in ascites form intraperitoneally in 

5-8 week old Swiss-Webster mice. Cytoplasm was prepared by adding an equal 

volume of ice-cola 0.2 g Tris pli 8.0, 0.05 g MgC12, 0.03 g &mercaptoethsnol, 
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to minced mouse liver or packed TLT, or L-cells. The cells were homogenized 

with one stroke in a glass homogenizer with a teflon plunger. The homogenate 

was then centrifuged at 1200 x g for 10 minutes and the crude supernatant free 

of nuclei was used as cytoplasm (Church and McCarthy, 1967). Cytoplasmic pro- 

tein concentrations were determined by the method of Lowry. 

DNA synthesis was measured by the incorporation of (3H) TTP into TCA insolu- 

ble material in the presence of the other three deoxyribonucleotide triphosphates 

(0.03 E each). RNA synthesis was measured by the incorporation of (3H) UTP into 

TCA insoluble material in the presence of the other ribonucleotide triphosphates 

(0.03 M_). 

0.15 ml of nuclei containing 75-200 ug of endogenous DNA was added to an 

equal volume of cytoplasm or buffer which contained deoxyribo- or ribotriphos- 

phates and incubated at 37'C. 50X aliquots were taken at intervals and precipi- 

tated with 1 ml 10% ice-cold TCA. The TCA precipitates were centrifuged for 15 

minutes at 1200 x g. The pellets were resuspended in 1 ml 0.2 M Tris pH 8.0 

and 20 ul of 9 N NaOH and reprecipitated with 2 ml ice-cold TCA. - The final pre- 

cipitate was trapped on Whatman GF/C filters and washed with 15 ml ice-cold TCA. 

Filters were dried and counted in a liquid scintillation counter. 

RESULTS 

DNA synthesis: -. _I- Mouse liver nuclei incorporated (3H) TTP into acid precipi- 

table DNA slowly for at least 45 minutes. The addition of mouse liver cytoplasm 

caused a slightly elevated background but did not stimulate the rate of synthe- 

sis. The addition of ascites cell cytoplasm to mouse liver nuclei caused a 15- 

20 fold increase in the rate of synthesis as shown in Figure 1. 

When isolated hen erythrocyte nuclei, which do not synthesize DNA in vivo, 

were incubated alone or in the presence of mouse liver cytoplasm, very little 

TTP incorporation took place, The addition of L-cell cytoplasm to the hen 

erythrocyte nuclei caused an increase of approximately lo-fold in the total 

incorporation (Figure 2). When L-cell, TLT or mouse liver cytoplasm was in- 

cubated without nuclei, less than 0.015 uumole TTP was incorporated. 
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5 IO 15 30 
Minutes 

P- - DNA synthesis by isolated mouse liver nuclei. Total volume .29 ml. 
H-T!P.P (5 pc/incubation mixture). 0 - nuclei alone, @ nuclei + mouse liver 

cytoplasm, 4 nuclei + TLT cytoplasm. Samples nith nuclei alone contained buffer 
instead of cytoplasm and had BSA carrier added before TCA precipitation to equal- 
ize the protein concentration of each sample at 280 )lg. 

5 IO 15 30 45 
Minutes 

FIGUR?Z 2 - DNA synthesis by isolated hen erythrocyte nuclei. 0 hen erythrocyte 
nuclei alone. 0 nuclei + mouse liver cytoplasm. A nuclei + L-cell cytoplasm 
214 +g protein per sample. 
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RNA synthesis: - Isolated mouse liver nuclei incorporated t3H) UTP into TCA- 

insoluble material for periods of lo-12 minutes. By this time the action of 

ribonucleases in the nuclei and cytoplasm decreased the apparent rate of synthe- 

sis. Again, mouse liver cytoplasm failed to stimulate synthesis, but ascites 

cytoplasm produced a 2-fold stimulation in the rate of synthesis and total in- 

corporation as shown in Figure 3. With hen erythrocyte nuclei RNA synthesis 

was very low. The addition of mouse liver cytoplasm caused little stimulation, 

whereas the addition of L-cell cytoplasm caused a dramatic increase in incor- 

poration rate (Figure 4). When L-cell, TLT or mouse liver cytoplasm was in- 

cubated without nuclei less than 0.02 nj&nole UIP was incorporated. 

I 2 3 4 5 
Minutes 

FIGURE 3 - RNA synthesis in isolated mouse liver nuclei. Total volume -29 ml 
3m5 PC/incubation mixture). 0 nuclei alone, 0 nuclei + mouse liver cyto- 
plasm, A nuclei + ascites cytoplasm. 600 w protein per sample. 
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1 I 

I 2 3 4 5 
Minutes 

FIGURE 4 -- - RNA synthesis in isolated hen erythrocyte nuclei. 
0 hen nuclei alone, 0 nuclei + mouse liver cytoplasm, 0 
nuclei + L-cell cytoplasm, 340 pg protein per sample. 

DISCUSSION 

Although trivial explanations have not been entirely eliminated, it seems 

likely that these in vitro effects on nucleic acid synthesis are manifestations -- 

of the influence of cytoplasm upon nuclei operative in vivo. Xenopus brain -- - 

nuclei transplanted into early embryonic cells undertake increased DNA synthe- 

sis (Gurdon, 1967) and similar effects have been observed in Stentor (DeTerra, 

196-r). A mitotic inducing factor, which may be concerned with the synthesis of 

DNA, has been observed in embryos of Rana pipiens (Briggs and Cassens, 1966). 

Inactive nuclei of avian or mammalian origin synthesize both RNA and DNA when 

the cells are fused with other cells in which active nucleic acid synthesis 

occurs (Harris, 1967). In all these cases it appears that the cytoplasm can 

exert a positive inducing effect on the inactive nuclei. Inhibition of nuclear 

DNA and RNA synthesis by surrounding foreign cytoplasm is not observed (Harris, 

196-f 1. 
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The ssme positive control has been observed in the present investigation 

with nuclei in vitro. -- In all cases the addition of mouse liver cytoplasm has 

little effect. The addition of ascites or L-cell cytoplasm to nuclei causes 

an immediate increase in the rate of synthesis and the total incorporation 

observed. All these cytoplasmic preparations exhibit considerable variability 

in their stimulatory capacity. Such variations appear to be a function of the 

state of the cells at the time of harvesting. The stimulatory factors are found 

in the cytoplasm of very abnormal cells having rapid rates of growth. The acti- 

vity seems to be correlated with the rate of nucleic acid biosynthesis in the 

cells from which the cytoplasm is derived. Thus, although normal liver cyto- 

plasm is quite inactive, stimulation of RNA synthesis in mouse liver nuclei is 

observed with the cytoplasm of 18 hour regenerating mouse liver. 

The stimulating factor or factors is neither species nor order specific. 

This is apparent from the fact that HeLa cell cytoplasm can substitute for mouse 

L-cell cytoplasm in the stimulation of RNA synthesis in mouse liver nuclei (un- 

published results). It is also shown by the stimulation of synthesis in hen 

erythrocyte nuclei by the cytoplasm derived from mouse TLT or L-cells. Again, 

this result is analogous to those obtained with cellular heterokaryons (Harris, 

196-r 1. 

The partial purification of the factor which stimulates DXA synthesis will 

be presented elsewhere. The factor has been shown to be a heat stable molecule 

which can be distinguished from cytoplasmic DNA polymerase. Preliminary experi- 

ments with the factor which stimulates RNA synthesis show it also to be heat 

stable. However, RNA stimulating activity is lost upon freezing, while DNA 

stimulating activity withstands repeated freezing and thawing. Experiments 

are in progress to purify these factors and characterize their mode of action. 
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