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DIFFERENTIAL EFFECTS OF AMINOGLYCOSIDE ANTIBIOTICS ON
THE IN VITRO DNA SYNTHESIS
SWATI PALIT, GOBINDA SARKAR, PURABI SINHA and DIPAK K. DUBE
Department of Biochemistry, University College of Science, Calcutta University, Calcutta 703 019
Abstract

Neomycin, Streptomycin and Kanamycin, the three well-known aminoglycoside antibiotics
have been found to inhibit the in vitro DNA dependent DNA synthesis by the purified E. coli DNA
polymerase I. Of the three, Neomycin is the most potent inhibitor for DNA polymerase activity.
These three antibiotics also show s:milar differential effects on terminal deoxynucleotidyl transferase,
a DNA polymerizing enzyme which requires only an oligonucleotide primer for non-specific DNA
chain elongation. This pronounced inhibitory effect of Neomycin may be due to its stronger binding
affinity towards DNA.
Introduction

<TE aminoglycoside antibiotics have a broad anti
bacterial spectrum, includ'ng many gram-positive
well as most gram-negative organisms. The anti>tics streptomycm, neomycin, kanamycin produced
Streptomyces have been shown to cause misreading
protein Synthes’s both in vivo and in vitro1)2. It is
w well established that different aminoglycoside anti>t:cs induce diffe~ent specific type of ambiguity1,
'ain, these antibiotics have a very strong affinity for
NA3. McCarthy and Holland first pointed out that
presence of certain aminoglycoside antibiotics,
•matured DNA st'mulatcd the incorporat'on of aminoids by the bacterial cell-free protein synthesizing
stem4. Among them, neomycin was found to be
ist effective which we.s subsequently confirmed by
organ et al.& In this communication we now report
it the aminoglycos:de antibiotics inhibit the in vitro
NA synthesis by the homogeneous E. coli DNA
ffymerase I and also by the terminal deoxyriboicleotidyl transferase (DNA deoxynucleotidyl exomsferase, EC. 2 • 7 • 7 • 31) from calf-thymus. Amongst
e three aminoglycoside antibiotics tested, viz., streptoycin, neomycin and kanamycin, neomycin has been
und to be the most potent inhibitor for in vitro DNA
■nthesis.

the de novo reaction using E. coli DNA polymerase I
as described elsewhere8. Calf-thymus terminal deoxy
nucleotidyl transferase was obtained from S. Salser
(University of California,. Los Angeles). Maximally
activated calf-thymus DNA was prepared by digestion
with pancreatic DNase according to the method of
Lobe9.
Kanamycin sulfate was obtained from Sigma Chemi
cals Company, U.S.A. and also a kind gift from
Prof. S. K. Majumder, Jadavpur University. Neo
mycin sulfate was purchased from Mayfair and Croydon,
England. This was supplied also by Dr. S. N. Sinha,
DIRA, Calcutta.. Streptomycin sulfate was purchased
from Merck-Sharp and Dohme, India.
DNA Polymerase Assay

Materials and Methods

In vitro DNA synthesis using “ activated ” calfthymus DNA as the template was measured in a reac
tion (tota.l volume 0-05 ml) which contained 100 mM
Tris-HC1 (pH 7-4), 20 ,xM dATP, dGTP and dCTP,
20 /.iM [8H]-dATP (Sp activity is given in the legends
of Tables and Figures) 10 pg “ activated ” calf-thymus
DNA, 10 mM MgCla and 8 nM E. coli DNA poly
merase I. Assays were incubated for 30 min at 37° C.
Incorporation of the radioactive deoxynucleotide into
an acid-insoluble precipitate was determined in Liquid
Scintillation Spectrometer as described by Dube and
Loeb10.

Radioactive deoxynucleotide triphosphates were purtased from New England Nuclear Corporation or
marsham Inc., unlabeled deoxynucleoside triphostiates were' obtained from Calbiochem and oligo
312—18 from P-L Biochemicals. E. coli DNA poly
erase I is a kind gift from Dr. L. A. Loeb, University
€ Washington, Seattle, U.S.A. E. coli DNA poly
merase I was purified to homogeneity according to
te procedure of Jovin et al.e or by the modified method
7 Springgate et al? Poly d (A-T) was prepared by

Poly d(A-T) directed DNA synthesis
In vitro DNA synthesis using poly d (A-T) as the
template was measured in a reaction (total volume
0 05 ml) which contained 100 mM Th'r-HCl (pH 7-4),
20 /iM dTTP; 20 /xM [3H] dATP (400-500 cpm/p
mole); 1 fig poly d (A-T) ; 8 nM E. coli DNA poly
merase I and 1 mM MgCl2. The assays were incubated
for 15 min at 37° C. Termination of reaction and
determination of radioactivity into acid-insoluble
material were the same as stated above.

2
Assay of 3-5' exonuclease activity11
Exonuclease activity of E. coli polymerase I was
determined by measuring the rate of radioactivity
rendered acid-'nsoiuble using heat denatured “acti
vated ” calf-thymus DNA labeled with d [(3H) T] at_
the 3'-primcr terminus. The incubation mixture (total
volume 0 025 ml) contained 50 mM Dm-HCI (pH 7-4),
ImM MgCl., iOmM KC1 and heat denatured radio
active DNA as the substrate. Incubation was carried
out for diffeter.L time periods as indicated in the figure2
at 37° C. TLe reaction was stopped by the addition
of 0-3ml of 1 ON perchloric acid and 100 pg of heat
denatured calf-thymus DNA (1-0 mg/ml). The solu
tion was mixed thoroughly, allowed to stand for
30 min at 0° C. and then centrifuged at 5000 x g for
20 min. The supernatant from each tube (100/d)
was transferred to a scintillation vial; 5ml aquasol
were added and the acid-soluble radioactivity was
determined.
Terminal transferase assay
Terminal deoxynucleotidyl transferase12-'4 was assayed
in reaction mixtures (total volume of 0 05 ml) contain
ing the following: 50mM 7t«-HCl buffer (pH 7-4);
50 mM KC1; 0-lmMMnd,; 01 Fgofo.igodG-12_18;
20 ftM [3H]-dATP (1250-1400 pmole); 5 mM ditliiothreitcl and 0-1 unit of highly pjr'fied calf-thymus
deoxynucleotidyl terminal trausfeiase (iXOQ urjts/mg).
Reactions were perfumed in duplicate for 60 min
at 37° C and acid-insoluble radiractivity was deter
mined as described by Dube and Lueb;0.

Table I
Effects of different aminoglycoside antibiotics on in vi
DNA synthesis by E. coli DNA Polymerase I

Additions

Incorporation
(p miles/Ineubalion
system)

None
47
+ Neomycin (2 mM)
8
+ Neomycin (5 mM)
6
+ Neomycin (10 mM) 2

(28, 308 cpm)°
(4670 cpm)
(3724 cpm)
(975 cpm)

Streptomycin (2mM) 46 (27,764 cpm)
Streptomycin (5 mM) 22-4 (13,571 cpm)
Streptomycin (IOmM) 21-6 (13,122 cpm)
None
Kanamycin (2mM)
Kanamycin (5 mM)
Kanamycin (IOmM)

40 (17,354 cpm)s
28 (12, 102 cpm)
25(11, 024 cpm)
18(7, 739 cpm)

%
Ac tit

ICO
17
13
4-;
98
48
45
103
70
62 -5
45

Complete assay system is as ind:c?.ted in the matei
and method section.
"Specific activity of [3H]-dATP is 606 cpm/p tm
6 Specific activity of [3H] dATP is 435 cpm/p mo
80t---------------------------------------------------------

Results and Discussion

It is borne out from the data given in Table I that
the in vitro DNA synthesis catalysed by homogeneous
E. coli DNA polymerase I is inhibited by seme amino
glycoside antibiotics, viz., streptomycin, kanamycin and
neomycin of which neomycin is the most potent. At
only 2 mM concentration in the assay system neomy
cin inhibits 83% of the incorporation of [3H]-dATP
into acid-insoluble material. Inhibition by kanamycin
or streptomycin on the other hand is only 55% at a
concentration 5 times higher.
The inhibition of DNA synthesis by neomycin is
released with increasing concentration of template
DNA (Fig. 1). This release of inhibition indicates
that neomycin acts either by binding with the template
DNA (Lazarus and Kitron13) or by competing with
template DNA for the same site of the enzyme. How
ever the increase in the amount of enzyme does not
show any reduction of inhibition (data not given).
So the binding of the antibiotic with enzyme protein
is not the cause of the inhibitory effect. Increase in
the concentration of deoxynucleoside triphosphates
in the assay system (from 20 to 100 /rM) does not
reduce the extent of inhibition significantly (data not

25

50

Jig of DNA
Fig, 1. Effect of increased amount of aetiva
DNA on activity of DNA Polymerase I in preset
of 1 mM neomycin. The complete assay system is
discussed in the material and method section. ;
activity of [3H]-dATP is 400-600 cpm/p mole.

3
>iven). So the inhibition of DNA synthesis by neonycin does not involve the competition of the anti)iotic with deoxynucleoside triphosphates for a comnon binding site on the enzyme. Neomycin mediated
nhibition of in vitro DNA synthesis by Pol J may be
he result of chelation of the essential bivalent metal
nation by the antibiotic. This possibility can be ruled
jut as the extent of inhibition in poly d (A-T) d'rected
DNA synthesis by Pol I with neomycin (1 mM) is
ndependent of Mg2-*- concentration (data not given).
Nfeomycin, not only inhibits the polymerase activity
>f Pol I but has also been found to inhibit the associited 3' -y 5' exonuclease activity (“ proof-read'ng ”
ictivity) of the enzyme (probably by interaction with
angle-stranded DNA used as the substrate) (Fig. 2).

Table II
Effect of different aminoglycoside antibiotics on poly
nucleotide synthesis by terminal deoxymcleotidyl trans
ferase from calf-thymus

Incorporation
(p moles/incubation
system)

% '
Activity

None

23'5 (29, 8560pm)1

100

Addition

Neomycin (2 mM)

15

(18, 864 cpm)

63-8

Neomyc:n (5 mM)

4

(4, 668 cpm)

17

Neomycin (10 mM)

0-85 (1084 cpm)

None

9 (11318 cpm)2

3-6
100

Streptomycin (2mM)

5 (6310 cpm)

56

Streptomycin (5 mM)

4 (5250 cpm)

45

Streptomycin (10 mM)

3 (3802 cpm)

33

None

26

(35, 204 cpm)3

Kanamycin (2mM)

16

(21, 678 cpm)

100

Kanamycin (5mM)

14-5 (19838 cpm)

55-8

Kanamycin (10 mM)

11-5(15, 675 cpm)

44

61-5

Complete assay system is as indicated in the material
and method section.
1 Specific activity of [3H]-dATP is 1267 cpm/pmol.
2 Specific activity of [3H]-dATP is 1258 cpm/p mol.
3 Specific activity of [3H]-dATP is 1367 cpm/pmol.

Fig. 2. Inhibition of DNA Polymerase I associated
3' -> 5' exonuclense activity in presence of 1 mM neo
mycin. Complete assay systems are as described in
material and method section.

From the present investigations U may be concluded
that amongst the three aminoglycoside antibiotics,
neomycin is the most potent inhibitor for DNA poly
merizing enzymes. The marked difference in the
inhibitory effect of the different aminoglycoside anti
biot'cs may reflect the stronger binding affinity of neo
mycin with DNA.
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