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SUMMARY

FREEMAN, KARL B., PATEL, HASMUKH & HALDAR, DIPAK (1977) Inhibition of
deoxyribonucleic acid synthesis in Ehnlich ascites cells by chlonamphenicol. Mol.

Pharmacol., 13, 504-511.

The effect of D( -)-threo-chlonamphenicol and a number of its analogues on protein,
RNA, and DNA biosynthesis in isolated Ehniich-Lettr#{233} mouse ascites cells was exam-
med. The methylsulfonyl analogue (thiamphenicol) and the sulfarnoyi analogue (Teve-

nel) inhibited DNA synthesis slightly in both the presence and absence of glucose. The
methylthio analogue inhibited all three processes; glucose reversed the inhibition at
lower concentrations of the analogue, indicating that inhibition was secondary to the
inhibition of NADH oxidation. Chlonamphenicoi also inhibited all three processes; the
inhibition of protein and RNA synthesis was reversed by glucose, but the inhibition of
DNA synthesis was slightly greaten in the presence of glucose. The inhibition of DNA

synthesis by chboramphenicol was similar under aerobic and anaerobic conditions and
was not the result of an effect on the [3H]thymidine nucleotide pool. Inhibition required
whole cells; it was slight with lysed cells, isolated nuclei, or purified DNA polymenases.
The N-tnifluonoacetyl analogue and the L(+)-threo isomer displayed patterns of inhibi-

tion of protein and DNA synthesis similar to that of chbonamphenicol. The results are

consistent with the possibility that chionamphenicol inhibits DNA synthesis in whole
cells in the presence of glucose because the antibiotic undergoes metabolism, possibly
reduction, in cells, and that a p-nitro group is important for this effect.

INTRODUCTION

Chbonamphenicol has two weil-estab-
lished modes of action in mammalian
cells. At low concentrations (below 100
jtM) it inhibits rnitochondnial protein syn-
thesis (1-4), and at high concentrations

(about 1 mM) it inhibits the oxidation of

NADH (4-6). The actions of a number of
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chboramphenicol analogues have also been

studied. The p-rnethylsuifonyl analogue
(thiamphenicoi) is as strong an inhibitor of
rnitochondnial protein synthesis as chior-

amphenicol (2, 7), but it is a weaker inhib-
iton ofNADH oxidation (6). Chboramphen-
icoi and this analogue cause a common,
dose-related, reversible enythnoid depres-
sion (8, 9) which probably results from the
inhibition ofmitochondnial protein synthe-
sis (2, 10, 11), but only chlonamphenicol
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causes the rare, usually irreversible apias-
tic anemia of unknown origin (8, 9, 12).
Interest in other modes of action therefore

continues.
Recently Yunis et al. (7) have reported

that chlonamphenicoi is a much stronger
inhibitor of DNA synthesis in human lym-

phobiastoid cells than its methylsulfonyi
analogue. The concentrations of chboram-
phenicol and its methyisulfonyl analogue
necessary to inhibit DNA synthesis (7, 13,

14) are about the same as those which
inhibit NADH oxidation (5, 6). We previ-
ously showed that the inhibition of total
protein synthesis in Ehrlich-Lettr#{233} ascites

cells by chioramphenicol and its analogues
results from inhibition of NADH oxidation
along with a drop in cellular ATP levels
(15); hence it is possible that the inhibition
of DNA synthesis is also a secondary
effect. We have therefore examined the
relationship between the inhibition of
DNA synthesis and that of NADH oxida-

tion by chbonamphenicoi, its rnethyisui-
fonyl analogue, and some other analogues.
In agreement with Yunis et at. (7), we

have found that chionamphenicoi inhibits
DNA synthesis in mammalian cells and in

addition have shown that the effect re-

quines whole cells and is under some but
perhaps not all conditions distinct from the
inhibition of NADH oxidation.

METHODS

Materials . All chemicals were reagent

grade where possible, and all solutions ex-
cept nucleotides were sterilized. The fol-
lowing compounds were gifts: D( -)- and
L(+)-threo-chloramphenicol, from Dr. M.
E. Machamer of Parke, Davis; the p-meth-
ylthio and p-rnethyisuifonyl analogues,
from Drs. C. W. Birkett and R. A. Cutler
of Sterling-Winthrop; the p-sulfamoyb ana-
bogue (Tevenel), from Dr. C. E. Hoffman,

du Pont; and the N-tnifluoroacetyi ana-
logue, from Dr. C. Hansch, Pomona Col-
lege. [5-3H}Unidine (29 Ci/rnmole) was ob-
tamed from Amensham/Seanie, and

[methyl-3H]thyrnidine (20 Ci/mmoie), L-

[U-’4C]leucine (325 mCi/mmole), and [5-
3H]dCTP (22.9 Ci/mmoie), from New Eng-
land Nuclear. Deoxynibonucleoside tn-
phosphates were purchased from Sigma
Chemic�al Company.

Cells . Ehrlich-Lettr#{233} hyperdiploid as-
cites cells (16) were obtained from Dr. T.

D. Hauschka, Roswell Park Memorial In-
stitute. They were maintained by intna-

penitoneai injection of 0.25 ml of ascites
fluid containing 1.7 x 10� cells/mb in 8-10-
week-old female Swiss-Webster mice and
used 6 or 7 days after injection. At 5 days

on earlier there were insufficient cells for
experiments, and at 8 days or more the

rate of DNA synthesis was lower than at 6

or 7 days.
Incubations. Cells were removed from

mice, centrifuged at 125 x g,,,� for 10 mm,
and washed once in sterile phosphate-
buffered NaCl containing calcium and
magnesium without antibiotics (17). Cells
were incubated in triplicate in test tubes,
in a volume of 0.2 mi at a concentration of
5 x 10’/ml in Earle’s medium (17) buffered

with 27.5 mM N-2-hydroxyethyipipera-
zine-N’-2-ethanesulfonic acid, pH 7.4,

without phenol red (17). Glucose at 0.01 M

and antibiotics were added as indicated.
Incubations with radioactive precursors

were carried out at 37#{176}for 20 mm in a

shaking water bath at 110 osciilations/
mm. Anaerobic conditions were main-

tamed where indicated by a constant
stream of oxygen-free nitrogen. Linear in-
corporation for at least 1 hr was achieved
by diluting the specific radioactivity of the
usually highly radioactive precursor.

Macromolecular synthesis in whole

cells. The precursors used were 0.41 p�M

[3H]thymidine (7 Ci/mmole), 0.34 p.M

[3H]uridine (7.7 Ci/mmole), and 15 p.M

[‘4Cjleucine (30 mCi/mmole) for DNA,
RNA, and protein synthesis, respectively.
For DNA or RNA synthesis, incorporation

was stopped by adding 50 p.1 of ice-cold,
saturated tetrasodium pyrophosphate, foi-
bowed by 3 ml of ice-cold 5% tnichlonacetic

acid containing 160 rng of thymidine or
uridine per liter. The precipitate was coi-
lected on 2.4-cm glass fiber filters (grade
934AH, Reeve Angel), washed three times
with 3 ml of ice-cold 5% tnichloracetic acid

and 1 ml of ice-cold water, and dried. Pro-
tein synthesis was stopped by adding 50 p.1
of ice-cold, saturated tetnasodium pyro-
phosphate, followed by 3 ml of 5% tnichbon-

acetic acid saturated with DL-ieucine at
room temperature. After heating at 90#{176}for
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15 mm, followed by cooling, the precipitate
was collected and washed as for DNA or
RNA synthesis. Radioactivity was deter-
mined using 3 ml of a toluene-based scm-
tiilation fluid and a Nuclear-Chicago mark
1 scintillation spectrophotometer. The effi-
ciency of counting was 8% for :1jj and 50%
for ‘4C.

DNA synthesis in cell lysates, isolated
nuclei, and purified DNA polymerase.

Cells were lysed, and DNA synthesis by

cell lysates was determined by the method
of Tseng and Goulian (18), except that
dCTP was used as the precursor at 1 p.Ci/
ml. Incubations of0.1 ml with 4 x 10� lysed

cells/mi were carried out at 37#{176}for 20 mm.
Nuclei were prepared by the method of

Widneil and Tata (19), except for cell lysis.
Cells were swollen in 0.01 M NaCl-1.5 mr’,i

MgC12-10 IT1M Tnis-HC1, pH 7.4, at 0#{176}for 10

mm and disrupted with an Ultra-Turrax
homogenizer (20). After disruption, su-
crose was added to 0.25 M, and nuclei and
cell debris were recovered at 750xg for 12
mm. Nuclei were resuspended in 10 ml of

2.4 M sucrose-i m� MgCl2 (pH 7.4) and

layered oven 8 ml of 2.4 M sucrose-i m�
MgC12 (p” 7.4) in three tubes of a Beck-
man SW 41 rotor. After centnifugation at

38,000 x g,,� for 1 hr, the nuclei were re-

covered from the interface and suspended
in 1 ml of 0.25 M sucrose-i m� MgCi2, pH

7.4. They appeared free of whole cells and
cell debris. Incubations were performed at

37#{176}for 15 mm in 0.075 ml of medium con-
taming 140 � of nuclear protein, 25 mrvi
sucrose, 100 mM Tnis-HC1 (pH 8. 1), 5 rnr�i
MgC12, 10 mM 2-mercaptoethanol, 1 m�

dATP, 1 mM dGTP, 1 m�i TTP, and 1 mCi

of [5:IH]dCTp (specific activity, 22.9 Ci/
mmole). Incorporation was linear for at
least 30 mm and was determined as de-

scnibed for DNA synthesis in whole cells.
Protein was determined by the method of
Lowry et at. (21).

The effects of chbonamphenicol and its
methylthio analogue were also tested with
isolated DNA polymerases a and f3 from
rat thymus, using activated DNA tern-

plate (22, 23). These experiments were
kindly performed by Dr. Peter Penner, De-
partment of Biochemistry, Memorial Uni-
versity of Newfoundland.

Previously incubated cells. DNA syn-
thesis in cells was directly examined after
prior labeling of the thymidine nucleotide

pools as described by Scholtissek (24, 25).
The thymidine nucleotide pools were la-
beled by incubating ascites cells at 4#{176}for 30
mm at 5 times the usual concentration in

the standard medium containing 0.01 M

glucose and 5 times the usual concentna-
tion of [‘Hithymidine. Cells were washed
once in phosphate-buffered NaCl and incu-

bated at 37#{176}for 20 mm in the standard
medium with 0.01 M glucose and appropni-
ate antibiotics. Incorporation of [:IH] thy-
midine nucleotides into DNA was deter-
mined as described above.

The accumulation of [‘H]thymidine into
the cellular nucleotide pools was deter-
mined with a 2-mi reaction mixture con-
taming cells and �3H]thymidine at the con-

centration and under the conditions of the
preliminary incubation. The cells were

then washed twice with phosphate-
buffered NaCb and extracted with 0.1 ml of
0.5 N HC1O4 for 1 hr at 0#{176}.The precipitate

was removed, and the supernatant solu-
tion was neutralized with 0.25 volume of 2
N KOH to give a pH of about 7. After 2 hr

at 0#{176}to remove KC1O4, 25 p.1 of the super-
natant solution were chromatographed on
Whatman No. 1 paper with isobutynic
acid-concentrated NH4OH - H2O (66:1:33,
by volume) as solvent. Spots of TTP, TDP,
TMP, and thymidine were first spotted as

markers. The paper was cut, and radioac-
tivity was determined using a toluene-
based scintillation fluid.

RESULTS

Effects ofchloramphenicol and its ana-

logues on protein , RNA , and DNA biosyn-
thesis . We have previously found that
when Ehrlich-Lettr#{233} ascites cells are incu-
bated in a buffered salts medium, chbor-
amphenicoi inhibits protein synthesis and
glucose reverses the effect (15). We showed
that the inhibition of protein synthesis re-
suits from inhibition of NADH oxidation

and a drop in the level of cellular ATP;
glucose, through glycolysis and the shuttle
of reducing equivalents into mitochondnia,
restores cellular ATP levels, permitting
protein synthesis (6, 15). By extension,
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48.4 in more detail by determining the effect of
chbonamphenicol and its methylthio ana-

18.8 logue on the biosynthesis of protein, RNA,
and DNA (Figs. 1 and 2). Comparison of

80.9 Fig. 1A and B with Fig. 2A and B shows
that the methylthio analogue was a

- � stronger inhibitor of the biosynthesis of
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comparison of the effects of chlorampheni-

cob and its isomers and analogues on any
energy-requiring processes in whole cells
in the presence and absence of glucose can
be used to determine whether any inhibi-
tion is secondary to inhibition of energy
metabolism.

The effects of chboramphenicol and sev-
erai of its analogues, each at 2 m�, on

DNA synthesis in ascites cells in the pres-
ence and absence of glucose and, from pre-

vious studies (15), on respiration in the
absence of glucose, are shown in Table 1.
Only chboramphenicol and the methylthio
analogue were strongly inhibitory. The ex-
tent of inhibition of DNA synthesis and
respiration in the absence of glucose was

approximately parallel for all drugs except

chboramphenicol, which inhibited DNA
synthesis more than expected from its ef-
fect on respiration. Glucose reduced the
inhibition of DNA synthesis by the meth-

ylthio analogue (Table 1). This is consist-

ent with the inhibition being secondary to
inhibition of energy metabolism. In con-
trast, glucose did not reduce the inhibition

of DNA synthesis by chionamphenicol.
Both the greater than expected inhibition

of DNA synthesis and the lack of an effect
of glucose suggested that chbonamphenicol
acts by a mechanism in addition to that of

TABLE 1

Effects ofchloramphenicol and its analogues on

DNA synthesis in the presence and absence of

glucose, and on respiration in ascites cells

The inhibitors were present at 2 m�, and glucose,

at 0.01 M. The control value for DNA synthesis was

1.9 x 10� cpm/10� cells. The results for respiration,

measured in the absence of glucose, were from pre-

vious studies (15).

Compound L:IH]Thymidine in-

corporation

+ Glu- - Glu-
cose cose

% control

Chlorampheni-

col 28.1 29.4

Methylthio ana-

logue 63.7 20.9

Methylsulfonyl

analogue 87.6 87.5

Sulfamoyl ana-

logue 91.4 90.3

A B C
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FIG. 1. Effect of D-chloramphenicol on protein

synthesis (A), RNA synthesis (B), andDNA svnthe-

sis (C) in Ehrlich-Lettr#{233} ascites cells in the presence

and absence of glucose

Cells were incubated and macromolecular syn-

thesis was determined as described in METHODS in

the presence (#{149})and absence (0) of 0.01 M glucose.

The control values were: for protein synthesis, 4 x

10� cpm/10” cells (with and without glucose); for

RNA synthesis, 5.5 x 102 cpm/10� cells (with and

without glucose); and for DNA synthesis, 7 x 102

cpm/10� cells (with glucose) and 1.6 x 10’ cpm/10’

cells (without glucose). The points and bars show

the means and standard errors for two or three

experiments, each in triplicate. This is the case in

all subsequent figures except where indicated.

A B C

‘S

2 �: :
FIG. 2. Effect ofp-methylthio analogue on protein

synthesis (A), RNA synthesis (B), and DNA svnthe-

sis (C) in Ehrlich-Lettr#{233} ascites cells in the presence

and absence of glucose

Cells were incubated and macromolecular syn-

thesis was determined as described in METHODS in

the presence (#{149})and absence (0) of 0.01 M glucose.

The control values were similar to those of Fig. 1.
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protein and DNA than chboramphenicol.
Glucose reversed the inhibition to differ-

ent extents in all cases. Although most of
the inhibition of protein synthesis was re-
versed below an antibiotic concentration of
2 m�, the reversal was not as great for

chloramphenicol. In contrast to its effects
on protein and RNA synthesis, chbonam-
phenicol at lower concentrations inhibited
DNA synthesis at least as strongly as its
methylthio analogue. Below 2 m�i drug,

glucose slightly increased the extent of in-
hibition by chlonamphenicoi, whereas it
removed the inhibition by the methyithio

analogue. Chbonamphenicol inhibited
DNA synthesis under both aerobic and an-
aerobic conditions in the presence of glu-
cose (Fig. 3) but was less inhibitory to
protein synthesis under both conditions.

Several particular features ofthe results
should be noted. The methylthio analogue
inhibited protein and RNA synthesis to

0

U-
0

I-
z
w
0

UJ
0�

FIG. 3. Effect of D-chloramphenicol on protein

and DNA synthesis under aerobic and anaerobic

conditions

Cells were incubated and macromolecular syn-

thesis was determined as described in METHODS in

the presence of glucose. fl and U, protein synthesis

under anaerobic and aerobic conditions, respec-

tively; 0 and #{149},DNA synthesis under anaerobic

and aerobic conditions, respectively. Control values

were 1.2 x 10� and 1.3 x 10� cpm/106 cells for protein

synthesis under aerobic and anaerobic conditions,

respectively, and 1.4 x 10� and 1.6 x 10’ cprn/106

cells for DNA synthesis under aerobic and anaerobic

conditions, respectively.

about the same extent but inhibited DNA
synthesis less. The incorporation of
[3H]thymidine into DNA was less in the
presence of glucose than in its absence, as
stated in the legend to Fig. 1. It was also
found that the level of [3H]TTP was lower
in cells incubated in the presence of glu-
cose, and this probably explains the appan-
ently lower incorporation. In our earlier
studies (15) a more complete reversal by
glucose of the inhibition of protein synthe-

sis by chloramphenicoi was observed with

10-12-day-old ascites cells than with the 6-
or 7-day-old cells used here. Repetition of

the experiments with 11-day-old cells gave
only 20% inhibition with 4 m�i chionam-
phenicol in the presence of glucose, corn-
pared with 10% previously (15) and 40% in
Fig. 1A.

Importance of the p-nitro group. From
the results of the comparison of chlonam-
phenicol and its three analogues, it is pos-
sible that a p-nitro group might be impon-

tant for the inhibition of DNA synthesis.
This was examined further with an ana-

logue of chbonamphenicol in which the N-

dichionoacetyl group is replaced by a N-
tnifluonoacetyl group, and with the L iso-
men. Both are weaker inhibitors of NADH
oxidation than chboramphenicoi (6, 26). As
shown in Fig. 4A and C, both are also
weaken inhibitors of protein synthesis and
glucose reverses the inhibition, as seen
with chloramphenicol (Fig. 1A). Both the
analogue and the isomer were weaken in-
hibitors of DNA synthesis (Fig. 4B and D,
respectively). As with chionamphenicol,
glucose increased the inhibition at lower

concentrations of the drugs but decreased
it at higher concentrations. The oven-all

pattern of these effect is therefore similar

for all compounds with a p-nitro group.
Effects ofchloramphenicol and its meth-

ylthio analogue on DNA synthesis in

whole cells and cell-free systems. Chion-
amphenicol could inhibit DNA synthesis

per se on one ofthe steps from thymidine to
DNA. To examine the effect of chlonam-
phenicol on DNA synthesis per Se, the TTP
pools of cells were first labeled in the ab-
sence of DNA synthesis at 4#{176}and in the
presence of glucose (normal ATP levels),
and then the ceils were incubated in the
presence of antibiotics at 37#{176}.Cells incu-



KDO

80

60

� 40

� 20

I-
z
w OC
0

� 8C

6C

4C

2C

I-
z

I 2 3 4 I 2 34
L-CHLORAMPHENICOL (mM)

I 2 3 4

cONCENTRATION (mM)

-J bc
0

I-
z 8C
0
0
�6C

I-
z 4C
Li
0
a:
Lii 2C
0�

2 3 I 2 3

CONCENTRATION (mM)

INHIBITION OF DNA SYNTHESIS BY CHLORAMPHENICOL 509

!�
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FIG. 4. Effect ofN-trifluoroacetvl analogue and L

isomer ofchloramphenicol on protein and DNA syn-

thesis in the presence and absence of glucose

Cells were incubated and macromolecular syn-

thesis was determined as described in METHODS in

the presence (#{149})and absence (0) of glucose. A and

B. Effect of the N-trifluoroacetyl analogue on pro-

tein and DNA synthesis, respectively. C and D.

Effect of the L isomer on the same respective proc-

esses. Control values were similar to Fig. 1.

bated at 4#{176}for 30 mm in the presence of
glucose accumulated [‘H]thymidine as
TrFP (63.1%), TDP (12.8%), TMP (12.9%),
and thymidine (11.2%). After washing, the
cells were placed at 37#{176}for 20 mm in the
presence of glucose and either chioram-

phenicol or its methylthio analogue. As
shown in Fig. 5, chioramphenicol inhibited
DNA synthesis, and the inhibition was
greater than that caused by the methyl-
thio analogue, especially at the lower con-
centrations of the drugs. It was also found
that chlonamphenicol did not significantly
affect the labeling ofthe thymidine nucleo-

tide pools or the activity of cytosolic thymi-
dine kinase, measured as described by oth-

ens (27, 28). It is concluded that chioram-
phenicol probably does not inhibit thymi-
dine uptake or phosphorylation.

The possible site of action of chioram-

phenicol was examined further in cell-free
DNA-synthesizing systems. The results of

studies with cell lysates and isolated nu-
clei are shown in Fig. 6A and B, respec-

FIG. 5. Effect ofchloramphenicol and its p-meth-

ylthio analogue on DNA synthesis on cells with pre-

viouslv labeled TTP pool

Cells were incubated with [:3H]thymidine and

glucose at 4#{176}for 30 mm, washed, and then incubated

again for 20 mm at 37#{176}in the presence of chloram-

phenicol (#{149})or its p-methylthio analogue (0). The
control value was 1 x 10:1 cpm/10” cells. The results

are the averages of two experiments.

A B

k;

I I I I I

FIG. 6. Effect ofchloramphenicol and its p-meth-

ylthio analogue on DNA synthesis in cell 1’,’sates (A)

and isolated nuclei (B)

The experimental protocol is described in METH-

ODS. The control values were 4 x 102 cpm/1O� lysed

cells (A) and 1.2 x 10� cpm/mg of nuclear protein

(B). C and #{149},chloramphenicol; fl and U, p-methyl-

thio analogue. In both cases the solid symbols mdi-

cate the presence of glucose.
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tively. In neither case was there much
inhibition. The methylthio analogue was

more inhibitory than chionamphenicol in
isolated nuclei. Glucose did not affect inhi-
bition in isolated nuclei (Fig. 6B); its effect

was not tested in cell lysates (Fig. 6A). A
pattern of inhibition similar to that with
isolated nuclei was seen with isolated
DNA poiymenase a ofrat thymus, whereas

neither compound inhibited DNA polym-

erase /3. The effect of glucose was not
tested with the isolated enzymes.

DISCUSSION

It has been well established that chlor-
amphenicoi inhibits mitochondnial protein

synthesis (1-4) and NADH oxidation (4-6)
in mammalian cells. It was further ne-
ported that chboramphenicoi inhibits DNA

synthesis (7, 13). Our results confirm this
and further show that inhibition occurs
only in whole cells. Although chionam-
phenicol does not act by inhibiting the for-

mation of TTP, as shown by the prelimi-

nary incubation experiment, it is possible,
although less likely, that it inhibits the
formation of one of the precursors for DNA
synthesis rather than DNA synthesis per
se. It is not known why whole cells are
required for inhibition, but a possibility is
considered below.

The studies with chbonamphenicol and
its analogue indicate the complex nature
of the inhibition of DNA synthesis. In the
absence of glucose the inhibition of DNA
synthesis is secondary to the inhibition of

NADH oxidation by the methyithio ana-
bogue, and probably by chbonamphenicol.

In the presence of glucose, which restores

cellular ATP levels (15), inhibition of DNA
synthesis is reversed for the methylthio
analogue but chboramphenicob is still in-

hibitony. The simplest hypothesis is that
chionamphenicol can inhibit DNA synthe-
sis in two ways: indirectly, by inhibiting

NADH oxidation; and in another, as yet
uncharactenized, manner. In the absence
of glucose the former mechanism predomi-
nates. In the presence of glucose the inhi-

bition due to the former mechanism is

partly on completely reversed, as for pro-

tein and RNA synthesis and as seen with
the methylthio analogue, and a new type

FREEMAN ET AL.

of inhibition predominates. Reversal of in-
hibition of protein synthesis by glucose is
not as great with chioramphenicol at lower
concentrations as with the methybthio an-
alogue, indicating that the inhibitory ef-
fect of chioramphenicol might be general

although it is most striking for DNA syn-
thesis.

The similar patterns of inhibition by D-

and L-chloramphenicol and the tnifluonoac-
etyl analogue and the lack of inhibition by
the other analogues is consistent with the
possibility that the p-nitno group is impor-

tant for inhibition, as suggested earlier
(13). Manyan et al. (13), examining a more
extensive series of analogues, found that
some analogues without a p-nitro group
inhibited DNA synthesis in human lym-
phoblastoid cells incubated in the presence

of glucose. As it is not known whether all
these analogues act by the same mecha-
nism, studies only with analogues cannot
definitively demonstrate whether the p-

nitro group is important for the inhibition
of DNA synthesis by chioramphenicol it-
self. This must be resolved by determining
the molecular mechanisms of the effect of
chioramphenicol. In this regard, it is possi-
ble that the inhibition of DNA synthesis

by chboramphenicol in the presence of giu-
cose reflects metabolism of the drug in

cells. Compounds containing a p-nitno
group are known to undergo reduction in
mammalian cells, including ascites cells,

causing single-strand breaks in DNA (29).
Chioramphenicol is reduced by micro-
somal nitroreductase (30, 31) and under-

goes other, as yet unclanified, metabolic

changes (32-34). Analogues without a p-
nitro group, except perhaps ones with an-
other electronegative group, would not be
expected to undergo similar reduction. The
tnifluonoacetyl analogue and the L isomer
are weaker inhibitors possibly because
they are poorer substrates for metabolism

or because cells are less permeable to
them. If cellular metabolism is necessary,
this would explain why chionamphenicol
inhibits DNA synthesis more strongly
than its methylthio analogue only in
whole cells. However, the possibility that

the cell lysate system lacks the step sensi-
tive to chloramphenicol cannot be ex-
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cluded. In whole cells the role of glucose
could be to supply reducing equivalents

(32). If reduction is important, inhibition
in nitrogen would be expected to be
greaten than in air (29, 31, 33). This was
not observed. Further studies are neces-
sany to test the validity of this hypothesis.
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