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SUMMARY

Deoxyribonuclease (DN Aase) from calf-thymus was inhibited by
three antibacterial drugs; nalidixic acid (NA), piromidic acid (PA) and
pipemidic acid (PPA). The order of inhibitory activity was estimated
as PPA>PA>NA. This order was similar to that of static activity of
these drugs against Gram-negative bacteria. A correlation of the
DNAase inhibition with the antibacterial mechanism is discussed with
respect to the inhibition of DNA synthesis or DNA repair.

INTRODUCTION

It has been well investigated that three drugs; nalidixic acid (NA)Y,
piromidic acid (PA)? and pipemidic acid (PPA)® have more potent static
activities against Gram-negative bacteria and their actions are due to
inhibition of bacterial DNA synthesis*®. Though there have been many
reports on these drugs, especially on NA, the exact mechanism of inhi-
bition of DNA synthesis is not known®. Several current papers’® show-
ed that NA inhibited the DNA-replication and blocked the repair synthe-
sis of DNA. However, effects on DNA polymerase have been shown
to be of negative importance®.

A preceding paper® from our laboratory reported that NA, PA and
related compounds accelerated the electron transfer from inorganic fer-
rous ion (Fe?*) to cytochrome ¢ and this acceleratory activity was par-
allel to their antibacterial activity. This suggested that these drugs
might act as an energetic uncoupler of DNA synthesis or DNA repair,
owing to their interference with certain bioenergetic electron transfer.

In order to substantiate this explanation, it should be necessary to
demonstrate that these drugs have a high tendency to be localized in,



tively. It is apparent that the inhibition of DNAase was dependent on
the NA concentration and was remarkable at the concentration above
2x10* M.

Effects of PA and PPA at their concentrations of 2X10% ~ 2X10*M
on the DNAase activity are shown in Figs. 2 and 3, respectively. It is
also apparent that the inhibition was concentration-dependent and that
a potent inhibition is observed with PA at 8 X10®* M and more potent
inhibition with PPA at an equimolar concentration. It is also to be
noted that the inhibitions of other related compounds were less potent
in spite of their structural similarity to PA and PPA, while AT-749 hav-
ing a somewhat different structure showed a strong inhibition. Subse-
quently, the order of DNAase inhibition: PPA>AT-749, PA>AT-88 >
NA>AT-593>AT-22 has been estimated.

DISCUSSION

The present study declares that three synthetic antibacterial drugs,
NA, PA and PPA have potent inhibitory effects on the DN Aase activity
in vitro, and the order of their enzyme inhibition is parallel to the order
of antibacterial activity, or more closely static activity against Gram-
negative bacteria as shown in Table 1. Of certain interest is that only
PPA, the most potent inhibitor of DNAase in this group could be static
against Pseudomonas®. It is also to be noted that with few exceptions,
the above parallelism observed for NA, PA and PPA can be further
extended to other related compounds whose antibacterial activity is also
shown in Tablel. And thus, AT-749, a relatively stronger inhibitor of
DNAase shows a potent antibacterial activity, while AT-593, the least
potent inhibitor is the lowest in its activity. ,

There are two main subjects to be discussed from the aspect of
chemico-biological interactions. The one is to correlate the inhibition
of DNAase by these drugs with the inhibition of bacterial growth at a
biochemical level. The other is to interpret the mechanism of inhibi-
tion of DNAase by constructing a molecular model.

Of certain importance for the first subject might be the role of



or have a special affinity for the multienzyme system associated with
DNA synthesis or DNA repair. The present work thus intends to ex-
amine their effects on the enzyme systems. Deoxyribonuclease (DNA-
ase) has been utilized in view of ‘the fact that it has recently been rec-
ognized as an important component of multienzyme system of DNA
synthesis or DNA repair!®t

MATERIALS AND METHODS ,

Highly polymerized DNA preparation from calf-thymus, and crys-
talline DNAase from bovine pancreas were purchased from Sigma
Chemical Company, U.S.A. NA was prepared by CHCls extraction
from commercial tablets. PA, PPA, and related compounds were kindly
provided by Dainippon Pharmaceutical Company, Osaka, Japan. The
compounds other than NA, PA and PPA were coded as follows: AT-22,
AT-88, AT-593 and AT-749'®, The structural formulas and antibacterial
activity of all these compounds are listed in Table 1 of the DISCUS-
SION. .

The rate of the enzyme reaction was measured according to Kunitz’s
method®™® partly modified by the author; the increase of absorbance (at
260 nm) of the system in the 10 mm-optical path cuvette was followed
with a Hitachi UV-VIS spectrophotometer. The reaction mixtures con-
tained 0.1 mg/ml DNA, 0.2x102 M MgCle, 10 png/ml DNAase, and a drug
at four different concentrations of 2X104~2X10° M in 0.02 M acetate
buffer at pH 7.0. In individual determinations, the initial absorbance of
the system was adjusted to be 50.0% by equilization of DNA concentra-
tion in both the sample and the reference cuvette.

All measurements were carried out at 23°C.

RESULTS

Effects of NA on the DNAase activity are shown in Fig.1. Curve
a is a standard time course (control) of the DNA-DN Aase system in the
absence of NA, and curves b, ¢, d and e are time courses in the presence
of NA at concentrations of 210, 4x10%, 8x10%and 2x10M, respec-



DNAase in both the DNA synthesis and the DNA repair. As summa-
rized in reviews by LEHMANY, and HOWARD-FLANDERS'”, DNAase per-
forms some accessory function in DNA replication and DN Aaseinitiates
the repair replication by excising the damaged DNA. Accordingly, it
is quite reasonable to consider that the inhibition of DNAase by NA,
PA and PPA could interfere with DNA synthesis and/or DNA repair,
which might lead to suppression of the bacterial growth.

Of certain significance for the second subject might be the role of
Mg for the DNAase activity. As has been reported in detail by KUNITZ,
Mg?* is the most potent activator, which can form a DNA-complex to
be susceptible to the enzyme action. Since NA, PA and PPA have been
proved to form a Mg?*-chelate compound™®, it is quite possible that these
drugs could interfere with the DNA-Mg?-DNAase binding throughchela-
tion. In addition, it may be also an important factor that a purine-like
structure of these drugs could favor a specific binding with the baso-
philic site of DNAase.

As Howard-Flanders indicated in his review, repair in excision, re-
combination and replication of DNA may proceed in the integrated
enzyme complex rather than as independent reactions. If the energy
yielding system involving biological electron transfer might operate in
this complex, these drugs could have dual effects on the processes of
DNA synthesis or repair; one might be inhibition of DNA synthesis or
repair and the other bioenergetic uncoupling.

To make such a possibility of the dual effects of NA, PA and PPA
more confirmatory, it may be important to verify that the DN Aase ex-
tracted from the Gram-negative bacteria can be also inhibited and that
another energetic uncoupler can enhance the antibacterial activity of
these drugs. Some of these experiments are in progress, and will be
reported later.
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TABLE 1 IN

VITRO ANTIBACTERIAL ACTIVITY OF NA, PA, PPA AND RELATED COMPOUNDS.

Test bacteria

Aniibacterial activity (MIC, ug/ml)

AT-22 AT-593 AT-88 NA PA AT-749 PPA
Staph. aureus >100 >30 30 100 10 3 30
E. coil >100 30 3 1 1 1 1
Shig. flexneri >100 30 10 3 10 3 1
Pscud. acruginosa >100 >30 >100 100 100 >30 10
* * * * %k * * % % *
R, : CH; R, ' H R, ' H R, :H R,:H R:Cl R, H
R::CH, R,:CH; R:N O R:CH RN | R.:N NH
Chemical formulas -
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LEGENDS TO FIGURES

Fig. 1. Effects of different concentrations of NA on DNAase activity
a: control (no NA), b: 2x10° M NA, c: 4x10°M NA,
d: 8%x10®° M NA, e:2x10* M NA

Fig. 2. Effects of different concentrations of PA on DNAase activity
a: control, b: 2x10° M PA, c: 4X10° M PA,
d: 8x10° M PA, e:2x10* M PA

Fig.3. Effects of different concentrations of PPA on DNAase activity
a: control, b: 2X10° M PPA, c:4X10° m PPA,
d: 8x10° M PPA, e: 2Xx10* M PPA



