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SUNMARY

In synchronous cultures of Chlorella pyrenoidosa the
synthesis of nuclear DNA was inhibited by wmore than 90%
in the presence of 15 uM cycloheximide. Incorporation of
externally applied '4C~uracil into nuclear DNA was
inhibited to about the same extent, while the inhibitor
had only little effect on satellite DNA synthesis. The
results suggest that continuous protein synthesis is
reguired for nuclear DNA replication.

Cycloheximide (Actidione) has been shown to inhibit
the incorporation of radioactive precursors into protein
and nucleic acids of Chlorella (1,2). The inhibiting effect
on protein synthesis has been supported by the observation
that the increase of several enzyme activities ceases in
the presence of 15 mll cycloheximide (3,5). Direct evidence
of the inhibition of protein synthesis has been obtained
in cell free systems of yeast (5) and reticulocytes (6).
The inhibition of UNA synthesis seems to be a secondary
effect because of the resistance of DNA polymerase activity
in vitro to cycloheximide concentrations up to 600 puM (7).
It might be due to interference with specific regulation
processes, in which case synthesis of nuclear and cytoplasmie

DNA are likely to respond in different ways to the inhibitor.

85



Vol. 41, No. 1, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Synchronous cultures of Chlorella pyrenoidosa are suitable

to study this possibility because of the presence of two
satellite DNAs which, in contrast to the nuclear DNA,

14C—uracil continuously during the entire

incorporate
life cycle (8).

Chlorella pyrenoidoga strain 211/8b GOttingen was

grown autotrophically and synchronized by alternating
periods of 16 hours light and & hours dark (9). DNA was
labeled by use of 2-14C-uraoil and, after extraction and
purification, banded in a preparative CsCl density gradient
as described in detail recently (8).

Under the experimental conditions used, nuclear DNA
undergoes usually 4 successive duplications between the
10th and 18th hour after the beginning of the light
period (10). High amounts of label are incorporated into
the pyrimidine moieties of the major DNA component during
this time (8). This incorporation became inhibited for
more than 90% in the presence of 15 pM cycloheximide (Fig.1).
The lsbeling of satellite DNA seems to be less affected
but an unambiguous result cannot be obtained in the
presence of strong nuclear DNA synthesis. Therefore, another
experiment was carried out lasting from the 19th until the
23rd hour after the beginning of the light period. During
this time label is incorporated only into the satellite DNA
which consists of a larger component banding at a buoyant
density of 1.689 g/cm3 and a smaller one appearing as a
shoulder at a density of about 1.700 g/cm3 of the CsCl
gradient (8). The inhibitor had only little effect on both
of them (Fig.2.). The decrease of the labeling caused

by 15‘pM cyéloheximide varied between O and 40%. This can
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1. Inhibition by cycloheximide of labeling of nuclear DNA.

A sterile solution of 20 uC 2-14C-uracil and 4.5 jmoles
of cycloheximide in 2 ml dist. water was added to

300 ml of Chlorella culture 15 hours after the
beginning of the lizht period. The cells were
collected two hours later, and DNA was extracted

and dissolved in 4.4 wml of 0.02 M TrisHCL buffer

pH 8. 5.5 g of CsCl were added and the solution

was centrifuged for 65 hours ig a Spinco angle rotor
type 65 at 35,000 r.p.m. and 4 . Fractions of 8 drops
were collected and 2 ml of 0.02 M TrisHCl buffer

were added and the optical density (e e) and the
radicactivity (o 0) were measured.

A. Control without cycloheximide.

B. Cycloheximide present.

be mainly ascribed to dilution of the label by endogenous

pyrimidine nucleotides which were found to increase up

to 140% of the control in the presence of the inhibitor (11).

As reported by Morris (1,2), the inhibiting effect of

cycloheximide depends on the precursor used for labeling of

the DNA. Conseguently, conclusions about inhibition of DNA

synthesis based on labeling experiments require additional

support concerning the quantitative changes of the DNA

content. This was obtained by another experiment in which
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Fig. 2. Resistence of satellite DNA synthesis to cycloheximide.

Cycloheximide and '¥C-uracil were added to 300 ml of
Chlorella culture 19 hours after the beginning of
the light period. The cells were collected 4 hours
later. Further details as in Fig. 1.

aliguots of 100 ml were withdrawn from a synchronous culture
at different times during the replication periocd and
supplied with 15 pM cycloheximide. After growth for

another 4 hours in the presence of the inhibitor, the

DNA content had increased by 5 to 15%. Compared to the

DNA synthesis in the untreated control culture the
inhibition was about 95% at any time during the replication
period (Fig.3).

The results reported here are in agreement with the
apparent failure of nuclear DNA replication in the absence
of protein synthesis in yeast (14). The almost complete
cessation of the DNA increase caused by cycloheximide at all
times during the replication period suggests that protein
formation is regquired concomitantly with DNA synthesis.

It seems unlikely that these proteins are enzymes involved in

the synthesis of DNA or DNA precursors, because all
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Fig. 3. Effect of cycloheximide on the net increase of DNA.

Cells were collected at the given times and the DNA
was extracted as described previously (12) and
determined by the diphenylamine reaction according
to Burton (13). e——e DNA content of the control
culture, o----o0 DNA found after growth for 4 hours
in the presence of 15 ull cycloheximide.

For experimental details see the text.

enzyme activities investigated so far in Chlorella
remain high for several hours after addition of
cycloheximide (3,4,7). The possibility has to be
considered that these are specific proteins which are
formed only during DNA synthesis. Such is the case with
certain histone fractions as shown by Gallwitz and
Mueller (15). The investigations are being continued
with regard to the regulatory processes involved in

nuclear DNA synthesis.
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