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(Reprinted from Nature, Vol, 131, pp. 274-275, January 25, 1958)

Autoradiograpl!lc Visualization of Synthesis
of Deoxyribonucleic Acid in Tissue
Culture with Tritium-labelled
Thymidine

Ty MpINE is a specific precucsor of deoxyribo-
nueloie acid!. The vory ]f)\\’ cnergy of tritium electrons
permits  precise lmﬂll{mbi“u on autoradiographs
(within less than one micron on average) of the atom
that disintogrates.  This is not possible with other
radioisotopes® such as phosphorus.32 or even carbon-
14 or sulphur-35.

"Tritium-labolled thymidine was propared by hydro-

gen exchango between ordinary thymidine (California
Foundation for Biochemical Research) and tritiated
wator in the presonce of froshly reduced Adams’s
catalyst at 100° C. for 24 hr. After the catalyst
had boeen filtered off and the tritium water removed
by distillation, tho residue was heated in 0-2 N
sodium hydroxide so that only firmly bound tritium
was rotained ; the solution was then neutralized with
sulphuric acid and ovaporated to dryness. The
labelled thymidine was oxtracted with hot butanol,
and, after treatment with charcoal, erystallized twice
from butanol. White needles molting at 185°-186° C.
(corr.) were obtained which gavo tho ultra-violet
spectrum of pure thymidine. Tho radioactivity
determined in an ionization chamber after combustion
of the compound and reduction of the water to
hydrogen was 14:9 me. per millimolo ; it was exclu-
sively localized in the pyrimidine moiety, as it was
found entirely in the thymine isolated after hydrolysis
of the laboelled thymidine. A comploto description
of this preparation has been published elsewhere?.

To hanging-drop cultures of chick fibroblasts
prepared on a specially thinned medium, tritium-
labelled thymidine (2 x 10-% M) in tyrode solution
was added, oithor from the time of explantation or
later, for various periods. After oxcision of the
original oxplants (leaving only tho growth zone on
tho coverslip) and careful washings in Tyrode solution
to romove the tritium-labolloed thymidine present
outsido tho cells, tho cultures were fixed in 80 per
cont ethanol. The coverslips wero then mounted
upsido down on slides and  stripping-film auto-
radiographs wore made.

Development  of  these autoradiographs showed
vory low background and tho cytoplasms wero never



Fig. 1. Equatorial platcina fibroblast. The vhrumosumcsl:!lr}! gr'u.y
The sharp black dots are silver grains developed in the over-
Iying autoradiographic film. = 2,100

labolled.  Silver granules denoting tho presenco ol
tritium appear only over resting cell n‘uclm and on
chromosomes in dividing cells (Fig. 1). The periphery
of nucleoli often contains more grains than othor
areas of similar size in the nuclei. All labolied
structures can be identified within less than ly, as
already shown by Taylor, Woods and Hughes on
anothor materiald. Tho grains can be considered as
indicative of the presence of tritium-labolled thymi-
dine in an insoluble form, mainly incorporated into
deoxyribonucloic acid.

When the culture medium has contained thymidine
for 2 hr., a fow nuclei, but no mitotic figurcs, arve
notably labelled. This nunber increases with timo
and, after long contact, all mitotic figures and most
intercinetic nucloi are seon to contain = tritium-
labelled thymidine. But a variable number of nucloi
(up to 30 per cent), mainly in the inner part of tho
growth zone, are free of silver grains even after three
days of cultivation in the presence of the nucleoside.
As thoy are intermingled with labelled colls, the
possibility that they are too far from the film for
the tritium electrons to reach it can be ruled out.
It can thus bo assumed that up to that number of
colls do not participate in the mitotic cycle and that
no turnover of deoxyribonucleic acid occurs in such
lic”b‘. Auto-ubsorpxiun, however, is an important
factor, because there are moro silver grains over large
ilut'tened nuclei than over small round ones. Tho
ratio botween nuclear area and number of grains can
be analysed.

_ The ratio of labelled to the total number of mitotic
figures has been dotermined after exposure to thymi-
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Fig. 2. ‘lime relationship between thy midine labelling and
mitosis

dine in the cultures for various lengths of time. The
results aro shown in IFig. 2. Thoy make it clear that
tho stage of synthesis of deoxyribonucleic acid, involv-
ing nuclear meorporation of thymidine in insoluble
compounds, occurs mainly between the sixth and
olevonth hours before onset of mitosis in chick
fibroblasts ¢n vitro ot 37° C.  Indopendent evidence
based on quantitative Feulgen determinations shows
that synthesis of deoxyribonucloic acid precedes
mitosis in tho samo material by 7-8 hr. on an aver-
age® ; thus, there is near coincidence between fixation
of this nucleoside and polymerization to deoxyribo-
nucleie acid.

Counting the grams gives a fair estimate of the
relative amount of thymidine presont in structures
of comparable thicknesses, such as the two chromo-
some groups of anaphases and tolophases. The two
always contain about the same number of grains.
Deviation from oquality in tho two groups nover
exceeds what one would expeet in a purely rvandom
process such as radioactivity. This is in accordanee
with the theory of equal division of deoxyribonucleic
acid between the two daughter cells at mitosis, but
not with the recont contrary findings of Plaut and
Mazia® working on plant colls and using thymidine
labelled with carbon-14 and consequently obtaining
less accurato localization of the electron-omitting
structure.

From those obsoervations and others, to bo published
in detail elsawhere®, it appears that tritium-labelled
thymidine is a very useful tool for tho cytological



study of many aspeets of the synthesis of deoxyribo-
nucleie acid.
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