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Is the cytoplasm a site of 

nuclear DNA synthesis? 

OBSERVATIONS which do not harmonise with the original self
replicative scheme of DNA synthesis have received little 
attention. In particular, interest in cytoplasmic DNA synthesis 
in eukaryotic cells has been limited to semiautonomous struc
tures which contain DNA templates. But it was pointed out1 

as early as 1958 that transfer of genetic information between 
DNA, RNA and protein often can proceed in either direction . 
It is possible that an initial step of DNA synthesis, correspond
ing for example to RNA-primed synthesis of Okazaki frag
ments2·3, may generally occur out of cell nuclei and without 
direct participation of a DNA template. 
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cytoplasmic fraction by nuclear DNA during the homogenate 
fractionation. I have therefore come to the conclusion that 
the cytoplasmic DNA synthesis may represent a prenuclear 
stage of the genome replication. 
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Table 1 Incorporation of 14C-thymidine into nuclear, organellar and cytoplasmic DNA fractions of germinating wheat embryos 

Germination 
time 

DNA amount and radioactivity (per 100 embryos) 

(h) 

3 
6 

12 
24 

(µg) 

125 
120 
140 
170 

Nuclear 
(d.p.m.) 

<10 
250 
640 

1,350 

(µg) 

15 
20 
25 
20 

Organellar 
(d.p.m .) 

<10 
<10 

40 
150 

(µg) 

< 5 
<5 
< 5 
< 5 

Cytoplasmic 
(d.p.m.) 

< 10 
220 
210 
120 

A sample of 350 wheat grains was surface sterilised with 2 % NaClO and left at 2 ' C for 8 h with 10 ml of "C-thymidine solution (1 .0 µCi m1-1, 
53 µC-µmo J ·1) . The prelab_clled sample was washed . with water and allowed to germinate at 22° C for the indicated time. Embryos were 
then separated and ground IIl a mortar with 10 ml of ice-cold 0.25 M sucrose containing 15 mM potassium phosphate (pH 7.3) and 10 mM 
MgCl ,. The homogenate was filtered through a ny_lon tissue and fractionated by centrifugation. Nuclear (1 ,000g pellet), organellar ( 18,000g 
pellet) and cytoplasmic (1_8,000g supernatant} fractions were obtamed and washed with 0.3 M HCIO 4 containing I mM thymidine . RNA 
was r_emoved by_ an alkaline hydrolysis _(0.3 M KOH, 37° C, 15 h) and DNA fraction obtained as an acid hydrolysatc (0.5 M HCI, 100° C, 
30 mm). The acid hydrolysate was applied to paper_chromatography in a water-saturated butan-1-ol solvent system10 . Adenine and guanine 
were e~ut_e~ from the ~orrespondmg spots and d_etermmed ~pectrophotometrically to calculate the DNA content. The origin, containing a mixture 
of pynm1dme nucleotides resultmg from the acid hydrolysis of DNA, was used for the measurement of radioactivity in a Packard liquid scintil
lation counter. 

We tested for a prenuclear stage of DNA formation in 
germinating wheat embryo, in which biosynthetic events 
triggered after the breaking of dormancy are naturally synchro
nised•. It has been observed5 that incorporation of thymidine 
into DNA of germinating wheat seeds begins only after some 
preliminary activation of RNA synthesis is completed, imply
ing an RNA-dependent DNA synthesis in this system. To 
check whether the cytoplasm may contribute to the early 
stage of DNA synthesis, wheat grains were prelabelled with 
14C-thymidine and germinated for various periods. Total 
amounts and radioactivities of nuclear, organellar and cyto
plasmic DNA of the embryo were then determined (Table I). 

I found that after 6 h germination radioactive DNA appeared 
in the nuclear and soluble cytoplasmic fractions (Table I). 
Specific radioactivity of the cytoplasmic DNA was, however, 
at least 20-fold higher than that of the nuclear DNA. As 
germination proceeded further the radioactivity of the cyto
plasmic DNA decreased considerably and that of the nuclear 
DNA rose correspondingly. These observations are consistent 
with the hypothesis of a precursor-product relationship be
tween the cytoplasmic and nuclear DNA. Rapid activation 
of cytoplasmic DNA synthesis in an early response to pro
liferative stimuli has been observed in other eukaryotic cells6

•
8

• 

The experimental data do not exclude the possibility of an 
independent synthesis of the cytoplasmic and nuclear DNA. 
But the only explicable reason for the synthesis of deoxyribo
polynucleotides in the supernatant fraction of the cyto
plasm, which is virtually free of mature DNA molecules, is 
to supply them to the nucleus and other DNA-containing 
structures. 

Another explanation is the transport of informational DNA 
from nucleus to cytoplasm, which has been reported for cultured 
animal cells•. This explanation, however, can be hardly ex
tended to the germinating wheat embryo, where radioactivity 
of the cytoplasmic DNA decreases after the nuclear DNA 
becomes highly radioactive. The same observation seems to 
exclude the possibility of a significant contamination of the 
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Effect of 5-bromodeoxyuridine on the size 
distribution of DNAs isolated from sea 
urchin embryos 
5-BR0M0UE0XYURIDINE (BUdR), an analogue of thymidine, 
has been shown to selectively inhibit cell differentiation in 
various cell types and development of embryos, without 
affecting cell maintenance capabilities'. Gontcharoff and 
Mazia~ demonstrated that exposure of newly fertilised sea 
urchin eggs or early cleavage stage embryos to BUdR 
resulted in embryos which did not gastrulate or produce 
cchinochrome pigment. From this laboratory evidence has 
been reported' for a BUdR-induced modification of DNA 
replication in developing sea urchin embyros. Pulse-chase 
experiments in sea urchin gastrulae demonstrated that newly 
synthesised low molecular weight (8-15S) nuclear DNA 
labdled with "H-BUdR was not readily chased by unlabelled 
BUdR into higher molecular weight DNA. ln contrast, 
8-15S DNA labelled with 'H-thymidine was converted into 
higher molecular weight DNA during a relatively short 
chase period with unlabelled thymidire. This data 11,uggestcd 
the incorporation of BUdR into newly synthesised low 
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