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The N-trifluoroacetyl analogue of chloramphenicol was found to inhibit the
growth of Escherichia coli less than chloramphenicol, rather than more as
previously reported by others. It also inhibits protein synthesis byE. coli and rat
liver mitochondria less.

Chloramphenicol is a potent inhibitor of pro-
tein synthesis in whole-cell and cell-free sys-
tems of bacteria (1, 16) and in mitochondria (8,
11). It also inhibits deoxyribonucleic acid syn-
thesis (23) and mitochondrial reduced nicotina-
mide adenine dinucleotide (NADH) oxidation
(6) of mammalian cells and causes two types of
bone marrow depression (18, 22). The reversible
bone marrow depression has been ascribed to
an inhibition of mitochondrial protein synthe-
sis (8, 22). As it would be desirable to have an
analogue of chloramphenicol that inhibits bac-
terial but not mitochondrial protein synthesis
and that does not cause the hematological side
effects, the action ofmany analogues on whole-
cell and cell-free systems has been examined (3,
8, 10, 13, 17, 19). Generally, the inhibition of
bacterial cell-free and mitochondrial protein-
synthesizing systems are similar but cell
permeability affects the action of some ana-
logues against intact bacteria. Recently, it has
been reported that the N-trifluoroacetyl ana-
logue of chloramphenicol inhibited the growth
ofEscherichia coli more than chloramphenicol
(10). We have, therefore, examined the effect of
this analogue in E. coli, mammalian cells, and
cell-free systems derived from them.
E. coli B/r was grown on Pennassay broth

(Difco) and growth was followed by measuring
light transmitted at 600 nm. Mouse L cells were
grown as described previously (5).

Bacterial protein synthesis was measured by
determining the incorporation of [3H]leucine
into hot acid-insoluble material using both E.
coli and E. coli cell-free systems as described
previously (8) with midlog phase cells. Protein
synthesis was determined in whole cells by a
10-min incubation at 30°C in 50 pil of minimal
growth medium containing 8 x 107 cells/ml,
0.2% glucose, and 0.85 mM L-[4,5-3H]leucine (32
mCi/mmol). Protein synthesis by an S30 ex-
tract ofE. coli was determined in incubations of

110 Al containing 8 ACi of L-[3H]leucine (38 Ci/
mmol)/ml and 0.3 mg of protein at 37°C for 20
min (8). Mitochondrial protein synthesis was
measured by a modification (20) of earlier pro-
cedures (9). Incubations were at 300C for 30 min
with 17 ,uCi of _[3-H]leucine (38 Ci/mmol) per
ml. Mitochondria were also incubated with
0.1% digitonin (1.1 mg of digitonin/mg of mito-
chondrial protein) in a medium in which the
adenosine 5'-diphosphate and succinate usually
present were replaced by 2.3 mM adenosine 5'-
triphosphate, 10 mM creatine phosphate, and
approximately 50 ,ug of creatine kinase/ml.
NADH oxidase offour-times-washed rat liver

mitochondria which had been frozen and
thawed three times (7), the solubility of the
trifluoroacetyl analogue in water and ethanol
(7), radioactive counting (8), and protein deter-
mination (13) were performed as have been de-
scribed previously. The source of materials has
been described previously (5, 7, 8) except for the
N-trifluoroacetyl analogue of chloramphenicol
which was a gift of C. Hansch, Pomona College,
Claremont, Calif.
The effect of chloramphenicol and its trifluo-

roacetyl analogue on the growth ofE. coli and
protein synthesis by whole bacteria, E. coli
extracts, and rat liver mitochondria are shown
in Fig. 1A-D, along with the level of antibiotic
required for 50% inhibition. In all cases the
trifluoroacetyl analogue was less inhibitory
than chloramphenicol. The lesser inhibition in
the E. coli cell-free system indicates that the
results with whole cells cannot be explained by
a lack of permeability to the analogue. Simi-
larly, with mitochondria incubated in 0.1%
digitonin (1.1 mg of digitonin/mg of mitochon-
drial protein), conditions in which the mito-
chondria should be disrupted (14), the tri-
fluoroacetyl analogue was less inhibitory to
protein synthesis as shown in Fig 1D. In con-
trast to the N-trifluoroacetyl analogue, the p-
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FIG. 1. Effect of chioramphenicol and its trifluoroacetyl analogue on the growth of E. coli (A), protein
synthesis byE. coli (B), E. coli extracts (C), and mitochondria (D). The controls were (A) a generation time of
37.2 min, (B) an incorporation ofl .8 x 104 cpm/l 08 cells perlO min, (C) an incorporation of1.8 x 104 cpm per
mg ofprotein per 20 min, and (D) an incorporation of6.0 x 104 cpm per mg ofprotein per 30 min. The values
for 50% inhibition are given in each case. For E. coli cell-free protein synthesis the value given is for 60%
inhibition, which is halfwvay between 100% and 20%, the approximate level ofmaximum inhibition. Symbols:
0, 0, Chloramphenicol; *, U, trifluoroacetyl analogue; A, p-sulfamoyl analogue. The square symbols
represent mitochondrial protein synthesis in the presence of01% digitonin. The control value was 7.6 x 103
cpm per mg of mitochondrial protein which was 55% of the amount in the absence of digitonin.

sulfamoyl analogue inhibited mitochondrial
protein synthesis as much as chloramphenicol
(Fig. 1D).
The trifluoroacetyl analogue inhibited

NADH oxidation of frozen-thawed rat liver mi-
tochondria 50% at 1.9 mM compared with 1 mM
with chloramphenicol. The lesser inhibition by
the trifluoroacetyl is a reflection of its lower
relative solubility in ethanol (1.68 x 103 mmol/
liter) compared with water (90 mmol/liter) than
chloramphenicol (7) as would be expected from
previous results (7). The effect of the trifluo-
roacetyl analogue and the sulfamoyl analogue
of chloramphenicol on the growth of mouse L
cells is shown in Fig. 2. The sulfamoyl analogue
has the same effect on mitochondrial protein
synthesis as chloramphenicol (8; Fig.1D), but
inhibits NADH oxidation less (7). Although the
trifluoroacetyl analogue inhibited growth more
at first than the sulfamoyl analogue, the cells
grew about the same number of generations
before growth ceased.
This study was initiated because of a report

that the trifluoroacetyl analogue of chloram-
phenicol was a stronger inhibitor of the growth

of E. coli than chloramphenicol (10). This has
not been confuimed. Garrett (personal commu-
nication) has rechecked his results and found
that the earlier results arose from a misreading
of the notation of the concentration of the ana-
logue resulting in an apparent 10-fold greater
inhibition. From the results of the present
study and those of others (3, 4, 13, 17), it is
suggested that any change in the dichloroacetyl
side chain of chloramphenicol will decrease its
inhibitory activity in both mitochondrial and
bacterial cell-free protein-synthesizing sys-
tems. It has been suggested that chlorampheni-
col inhibits the peptidyl transferase reaction on
bacterial ribosomes by inhibiting the binding of
the aminoacyladenylyl terminus of charged
transfer ribonucleic acid to ribosomes (3, 15). If
this is correct, the stereochemical requirement
for a dichloroacetyl side chain or its charge
distribution may be critically important. In
contrast, the p-nitro group can be replaced in
some cases with no change in inhibitory
strength (2, 8). The lesser inhibition of protein
synthesis by mitochondria and E. coli extracts
by the trifluoroacetyl analogue supports earlier
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FIG. 2. Effect ofthe sulfamoyl and the trifluoroac-

etyl analogue ofchloramphenicol on the growth ofL
cells. The antibiotics were present at 028 mM. Sym-
bols: 0, Control; A, sulfamoyl analogue; *, trifluo-
roacetyl analogue.

studies with analogues that suggested a similar
binding site for chloramphenicol on bacterial
and mitochondrial ribosomes (8, 17).
We had previously found that the inhibition

ofgrowth ofmammalian cells by chlorampheni-
col was due to the inhibition of mitochondrial
protein synthesis and of NADH oxidation (5).
The trifluoroacetyl analogue also inhibited the
growth of mouse L cells as would be expected
from its inhibition of mitochondrial protein
synthesis. It is likely, then, that only an ana-
logue that entered bacteria but not mammalian
cells or mitochondria would have no hematolog-
ical side effects.
This work was supported by grant MT-1940 from the

Medical Research Council ofCanada. I wish to thank T. M.
Williams, D. Rupka, and H. Patel for excellent technical
assistance.

LITERATURE CITED

1. Brock, T. D. 1961. Chloramphenicol. Bacteriol. Rev.
25:32-48.

2. Contreras, A., M. Barbacid, and D. Vazquez. 1974.
Binding to ribosomes and mode of action of chloram-
phenicol analogs. Biochim. Biophys. Acta 349:.376-
388.

3. Coutogeorgopoulo., C. 1966. On the mechanism of
action of chloramphenicol in protein synthesis.
Biochim. Biophys. Acta 129:217-220.

4. Coutsgeorgopoulos, C. 1967. Inhibitors ofthe reaction
between puromycin and polylysyl-RNA in the pres-
ence of ribosomes. Biochem. Biophys. Res. Commun.
27:46-52.

5. Fettes, I. M., D. Haldar, and K. B. Freeman. 1972.
Effect of chloramphenicol on enzyme syntheses and
growth ofmammalian cells. Can. J. Biochem. 50:200-
209.

6. Freeman, K. B., and D. Haldar. 1968. The inhibition of
mammalian mitochondrial NADH oxidation by chlor-
amphenicol and its isomers and analogs. Can. J. Bio-
chem. 46:1003-1008.

7. Freeman, K. B. 1970. Effects ofchloramphenicol and its
isomers and analogs on the mitochondrial respiratory
chain. Can. J. Biochem. 48:469-478.

8. Freeman, K. B. 1970. Inhibition of mitochondrial and
bacterial protein synthesis by chloramphenicol. Can.
J. Biochem. 48:479-485.

9. Haldar, D., and K. B. Freeman. 1969. Importance ofthe
osmolarity of the incubation medium on amino acid
incorporation into protein by isolated rat liver mito-
chondria. Biochem. J. 111:653-63.

10. Hansch, C., K. Nakamoto, M. Gorn, P. Denisevich, E.
R. Garrett, S. M. Hemanachak, and C. H. Won. 1973.
Structure activity relationship of chloramphenicols.
J. Med. Chem. 16:917-922.

11. Kroon, A. M. 1965. Protein synthesis in mitochondria.
III. On the effects of inhibitors on the incorporation of
amino acids into protein by intact mitochondria and
digitonin fractions. Biochim. Biophys. Acta 108:275-
284.

12. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R. J.
Randall. 1951. Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

13. Manyan, D. R., G. K. Arimura, and A. A. Yunis. 1975.
Comparative metabolic effects ofchloramphenicol an-
alogues. Mol. Pharmacol. 11:520-527.

14. Matlib, M. A., and P. J. O'Brien. 1975. Compartmenta-
tion ofenzymes in the rat liver mitochondrial matrix.
Arch. Biochem. Biophys. 167:193-202.

15. Pestka, S. 1970. Studies on the formation of transfer
ribonucleic acid-ribosome complexes. VIII. Survey of
the effects of antibiotics on N-acetyl-phenylalanyl-
puromycin formation: possible mechanism of chlor-
amphenicol action. Arch. Biochem. Biophys. 136:80-
88.

16. Rendi, R., and S. Ochoa. 1962. Effect of chlorampheni-
col on protein synthesis in cell-free preparations of
Ewcherichia coli. J. Biol. Chem. 237:3711-3713.

17. Rlnrose, P. S., and R. W. Lanbert. 1973. The action of
novel chloramphenicol analogs on prokaryotic and
eukaryotic systems. Biochim. Biophys. Acta 299:374-
384.

18. Snyder, M. J., and T. E. Woodward. 1970. Chloram-
phenicol. Med. Clin. North Am. 54:1187-1198.

19. Vazquez, D. 1966. Binding of chloramphenicol to ribo-
somes: the effect of a number of antibiotics. Biochim.
Biophys. Acts 114:277-288.

20. Wallace, R. B., T. M. Williams, and K. B. Freeman.
1975. Mitochondrial protein synthesis in a mamma-
lian cell-line with a temperature-sensitive leucyl-
tRNA synthetase. Eur. J. Biochem. 69:167-173.

21. Yunis, A. A., U. S. Smith, and A. Restrepo. 1970. Re-
versible bone marrow suppression from chloramphen-
icol: a consequence of mitochondrial injury. Arch.
Intern. Med. 126:272-275.

22. Yunis, A. A. 1973. Chloramphenicol-induced bone mar-
row suppression. Semin. Hematol. 10:225-234.

23. Yunis, A. A., D. R. Manyan, and G. K. Arimura. 1973.
Comparative effect of chloramphenicol and thiam-
phenicol on DNA and mitochondrial protein synthe-
sis in mammalian cells. J. Lab. Clin. Med. 81:713-
718.

VOL. 11, 1977


