15,11, 1968

Specialia

1105

Rifamycins LXI: In vivo Inhibition of RNA Synthesis by Rifamycins

The action of rifamycin SV and rifamide (diethylamide
of rifamycin B?') on protein synthesis was first investi-
gated by FronTarl et al.? who found that in cell-free
extracts of Bacillus subtilis these rifamycins produce a
strong inhibition of amino acid incorporation into pro-
teins. Further experiments indicating that the site of
rifamide action may be at ribosomial level were succes-
sively reported®*. Recently Hartmanw et alf and
WEHRLI et al.® found that several rifamycins inhibited
the DNA directed RNA polymerase reaction in vitro and
suggested a direct action on the polymerase enzyme.
Similar results were independently obtained by UMEZAWA
et al.” which reported evidence of inhibition of the initi-
ation of RNA synthesis by rifamycins B and 5V in a
system including RNA polymerase extracted from
Eschevichia coli. .

Since only partial data have so far been reported4?
on the in vivo mode of action it appeared interesting to
assess whether the inhibition of RNA synthesis or the
inhibition of protein synthesis at the ribosomial level was
the primary lethal effect of rifamycins on growing
microbial cells,

The effect of 80 pg/ml of rifampicin® on [C!*) uracil
and [C**] phenylalanine uptake by growing E. coli cells is
shown in Figure 1 (on this strain the m.i.c. of rifampicin
is about 2 pg/ml). An immediate block of uracil uptake
is observed, while the uptake of the amino acid continues
although at a reduced rate for about 8 min. This finding
indicates that rifampicin penetrates very rapidly into the
cells and that the primary effect of the antibiotic is an
inhibition of the RNA synthesis. The time elapsing be-
tween the block of the uracil uptake and that of phenyl-
alanine is in agreement with the accepted estimate of the
half life of messanger RNA.

Similar results were observed (Figure 2} when rifampicin
was added to cultures of B. subtilis, indicating that the
action is not qualitatively different in gram-negative and

i . L
Phenyiataning / ' Uracil
g .
500 / - /
14 . i
/ 4
N j[ = /
! oo} /
400 / . ;
F 7
II ™ ] !
= / = r /!
= / = L Vi
= / = /
£ b y R 1]
= ¥ /
o Y/
- - W—O—O
‘/ /
i 7
1 1 I 3 ‘Hm 1 1 -l
L R R TR | T RV
Time {min) Time (min)

Fig. 1. Effect of rifampicin on phenylalanine and uracil uptake by
E, coli cells. —e— control, ~O -0~ rifampicin (80 gg/ml). To 50 ml of
E, coli cultures growing in Davis medium were added 5 pg/ml of
2-{C14] uracil (sp. act. 1.2 pC/uM) or 10 pg/ml of [C1] phenylalanine
(sp. act. 0.73 uC/udf). Rifampicin was added after 10 min to 25 ml
aliquots of the cultures. Samples (2 ml) were withdrawn at intervals,
diluted with 2 ml of cold 10% TCA and the radioactivity of the
insoluble fraction determined in a thin window counter.

gram-positive bacteria. The possibility of differences in
the mechanism of action of rifampicin and rifamide was
ruled out by repeating the experiment on B. subtilis using
the latter (Figure 3) as the inhibiting agent.

The effect on the DNA synthesis was studied by
determining the uptake of [C]thymine by E. coli and
B. subtilis auxotrophs strains. As shown in Figares 4 and 3
the DN A synthesis continues after the complete inhibition
of RNA synthesis at a progressively reduced rate, for
about a generation time, indicating that the antibiotic
does not interfere directly with DNA synthesis. This is in
agreement with the in vitro finding*? that the DNA
directed RNA synthesis is not depressed by rifamycins.
The possibility that rifampicin could prevent the utiliza-
tion of [CHluracil by inhibiting the conversion of this
compound to UTP was also examined. According to the
technique proposed by Gros et al.®, E. coli cells were
plasmolized to allow the penetration of labelled UTP
through the cell membrane barrier. The uptake of
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Fig. 2. Effect of rifampicin on phenylalanine and uracil uptake by
B. subtilis, —e~ control, ~O~-O— rifampicin (0.1 pg/ml). B.subtilis
was grown in the Von Borsiell M 40 medium. Additions and pro-
cedure were as described under Figure 1.
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Fig. 3. Effect of rifamide on phenylalanine and uracil uptake by
B, subtilis cells. —e— control, ~O ~O~ rifamide (1 pg/ml). B. subtilis
was grown in Von Borstell M40 medium. Additions and procedure
were as described under Figure 1.
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Fig. 4. Effect of rifampicin on thymine and uracil uptake by E. coli
cells. — e —controls, —O -0~ rifampicin 40 pg/ml. A Thy~ Me~ auxo-
troph strain of E. coli was grown in Davis medium plus 10 pg/ml of
thymine and methionine. Procedure as described under Figure 1.
Additions: 2[C!] thymine 0.05 uCfml {sp. act. 58.3 uC/ud); 2{C!]
uracil 5 pgiml {sp. act. 1.2 uCfu M.

[CHJuracil and [C*JUTP into the plasmolized cells was
rapidly inhibited by rifampicin (Figure 6).

It can thus be concluded that the experiments with
growing E. coli and B. subtilis cells provide evidence that
the primary in vivo efiect of relatively high concentrations
of rifamycins is the inhibition of the DNA directed RNA
synthesis, probably through the inhibition of the RNA
polymerase action, in agreement with the in vitro findings
reported by other authors. The effect of lower concentra-
tion of rifampicin on E. coli cells is now under investiga-
tion and will be reported elsewhere.
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Fig. 5. Effect of rifampicin on thymine and uracil uptake by
B. subtilis cells. —e— controls, -0 ~O ~ rifampicin (1pg/ml). A Thy—
auxotroph strain of B. subtilis was grown in Von Borstell M40
medium plus 10 pgfml of thymine. Procedure as described under
Figure 1. Additions as reported under Figure 4.
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Fig. 6. Effect of rifampicin on UTP and uracil uptake by plasmolized
E. coli cells. —e— controls, ~O~O - rifampicin (80ug/ml). E. coli cells
were plasmolized in 2 M sucrose in 0.01 M Tris (pH 8) and then
diluted into Davis medium buffered with 0.05 M T7is (pH 7.4) as
described by Garvrant and Cuaser?®, Additions: [C4] UTP
0.05 uC/ml (sp. act. 30.4 uC/uM), 2[CM] uracil 0.05 uC/ml (sp. act.
1.2 uCjud). Procedure as described under Figure 1.

Riassunto, L’azione della rifampicina e della rifamide
su batteri in fase logaritmica & stato studiato determi-
nando U'effetto sull’incorporazione di uracile, timina, feni-
lalanina e uridina-trifostato marcati con C*% da parte di
colture di E. coli e B. subtilis. 1 risultati indicano che il
blocco della sintesi dell’RNA precede quello della sintesi
delle proteine e del DNA.
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