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BIOCHEMICAL STUDIES ON

GENTAMICIN RESISTANCE

Sir:
Two major mechanisms of resistance to

aminoglycosidic antibiotics have been report-

ed. One is a change in one of the 30S
ribosomal proteins, which is the site of action

of the antibiotics. Genetically it is related
to chromosomal changes1?2). The other is
the production of antibiotic-inactivating
enzymes, which are found in Escherichia

coli carrying an R factor and in other orga-
nisms. The inactivated products are adenyl-

streptomycin, streptomycin-S'-phosphate,
kanamycin-S'-phosphate, 6r-N-acetylkana-
mycin, and adenylspectinomycin3~9).

The primary site of action of gentamicin
is in the ribosomes, as in the case of other
aminoglycosidic antibioticsn~13). The bio-
chemical basis of gentamicin resistance has
been studied with gentamicin-resistant cli-
nical isolates of Fseudomonas aeruginosa.

T

he results are presented in this publication.
Gentamicin Cu Cla, C2 and C complex were

generously given by Dr. M.J. Weinstein,
Schering Research Division, Bloom field, and
gentamicin A by Dr. C. P. Schaffner, Rut-

g

ers University, New Brunswick, N. J.

Fseudomonas aeruginosa H-9 was obtained
from Dr. Y. Homma, Institute of Medical

Science, University of Tokyo. The minimal
inhibitory concentration (MIC) of gentamicin
was 6 mcg/ml. The six gentamicin-resistant

strains of P. aeruginosa (#54, 146, 207, 209,
290 and 360) were kindly supplied by Dr. J.
A. Waitz, Schering Research Division,
Bloom field, N. J. They were isolated at
Grady Memorial Hospital in Atlanta, Georgia
from burn wound infections. All the strains
are resistant to gentamicin with MIC values

h

igher than 100 mcg/ml.

The preparation of ribosomes and 105,000
x g supernatant fraction, and the method of
amino acid incorporation into polypeptide
were essentially the same as described in
a previous report2).

Significant incorporation of uC-leucine
with endogenous mRNA and of 14C-phenyl-
alanine with poly U were demonstrated with

the ribosomes and 105,000xg supernatant

obtained from all the 7 strains of P. aeru-
ginosa. Gentamicin C complex inhibited

protein synthesis in the system from genta-
micin-sensitive strain H-9 but did not signi-

ficantly affect protein synthesis in the systems
from gentamicin-resistant strains # 54, 146,

207, 209, 290 and 360. The results are

s

ummarized in Table 1.

For the purpose of determining whether
the ribosomes or supernatant is responsible
for the gentamicin resistance or sensitivity,
the ribosomes from gentamicin-resistant
organisms were combined with the super-
natant from the gentamicin-sensitive orga-

nism and vice versa, and the effects of genta-
micin C complex on polyphenylalanine syn-
thesis with poly U were examined. The
antibiotic was observed to exert no signifi-

cant activity on polypeptide synthesis, when
the ribosomes from gentamicin-resistant
organisms (#54, 146, 207, 209 and 360) and
the supernatant fraction from the genta-

micin-sensitive organism H-9 were involved
in the system. However, gentamicin C
inhibited polypeptide synthesis, when the
ribosomes from gentamicin-sensitive strain
H-9 and the supernatant fractions from

Table 1. Effects of gentamicin C complex on
protein synthesis in cell-free systems
obtained from the resistant and sensitive
organisms

P se u d o m on a s

a er u g in o sa

In c o rp o r a tio n

of le u c in e w it h
n a tiv e m R N A

I n c o r p o r a tio n

o f p h en y la la n in e

w ith p o ly U

- G M  + G M - G M + G M

# 5 4 2. 5 5 2 .5 0 3 . 5 4 3 . 8 9

1 4 6 3. 6 2 3. 8 7 3 . 0 3 3 . 0 5

2 0 7 8. 0 1 8. 3 5 9. 4 5 9 . 1 5

2 0 9 5. 6 5 5. 9 4 5 . 9 7 5 . 5 6

2 9 0 6. 2 0 5. 6 4 7 . 1 3 6 . 3 4

3 6 0 3. 3 9 3. 0 8 4 . 0 2 4 . 5 5

H - 9 7. 3 2 2 < 9. 0 8 2 . 1 7

 The number represents fifanoles of 14C-amino
acid incorporated into the hot TCA-insoluble frac-
tion. In the case of leucine incorporation, the reac-
tion mixture contained, in 0.5ml : ribosomes 1mg,
 105,000x^ supernatant 0.5 mg, ATP 1 fitnole, GTP
O.OS ^mole, phosphoenolpyruvate 10 //moles, pyru-
vate kinase 20 fig, 14C-leucine 0.2 ftc, 19 different
 amino acids 0.3 //mole each, and gentamicin C
 complex 5 fig. For phenylalanine incorporation, it
 contained : the ribosomes 0.5 nig, the preincubated
 105,000x5" supernatant 0.5 mg, ATP 1 //mole, GTP
0.05 jumole, phosphoenolpyruvate 10 fimoles, pyru-
vate kinase 20 fig, 14C-phenylalanine 0.2 ftc, poly
U40fi-g and gentamicinC complex 5fig. Thebuffer consisted of MgCl2 10 mM, NH4C1 50 him, 2-
mercaptoethanol 6 mM, and Tris-HCl 10 mM, pH
 7.6. The reaction mixtures were incubated at 37°C
 for 20 minutes.
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Table 2. Effects of gentamicin C complex on
polypeptide synthesis in the systems,
combining the ribosomes or soluble frac-
tions from the resistant organisms and
those from the sensitive organism

Table 4. Effects of extracts of the resistant
organisms on gentamicins in the
presence of acetyl-CoA

Systems   I n c o r p o r a t i o n  o f ph e n y l a l a n i n e  w i t h  p o ly  U

R i b o s o m e s  1 0 5 , 0 0 0 x g  s u p .
- G M  + G M  i n h i b i t i o n

#  5 4    H - 9   2 . 7 8 * 2 . 4 5 1 2

1 4 6 3 . 7 1 3 . 5 9 3

2 0 7 // 7 . 5 4 6 . 1 0 9

2 0 9 // 5 . 8 9 5 . 9 0 0

2 9 0 // 5 . 0 3 4 . 5 3 1 0

3 6 0 // 4 . l l    3 . 5 8     1 3

H - 9    #  5 4 6 . 9 8    1 . 8 7 7 3

// 146   7 .  0 6 1 . 6 9 7 6

// 2 0 7 7 . 4 1 2 . 3 0 6 9

2 0 9 7 . 1 2 2 . 8 5     6 0

2 9 0 6 . 3 1 1. 7 7 7 2

// 3 6 0    7 .  6 5   2 .  8 3 6 3

The number represents ////moles of phenylalanine
incorporated into the hot TCA-insoluble fraction.
The assay method was the same as described in
Table 1.

Table 3. Effects of extracts of the resistant
organisms on gentamicins in the
presence of ATP

A c t iv i t y  r e m a i n e d

G e n t a m i c i n c i  G e n t a m i c i n c i .
G e n t a m i c in  c 2

# 5 4 9 0 1 0 8 1 0 0

1 4 6 1 0 5 1 1 0 9 5

2 0 7 8 5 9 0 9 3

2 0 9 1 0 3 1 1 0 1 1 0

2 9 0 1 1 0 1 0 5 1 0 0

3 6 0 1 1 0 1 0 3 1 0 5

The reaction mixture consisted of the 105, 000xg-
supernatant 2 mg protein/ml, ATP 20 mM, antibio-
tics 0.2niM, KC1 156mM, Mg acetate 10mM, 2-mer-
captoethanol 15.6 mMand Tris-HCl 260 mM, pH 7.5.

It was incubated at 37°C for 5 hours. The reaction
was terminated by heating at 80°C for 5 minutes.
It was diluted in phosphate buffer, pH 7.8, and
assayed by a disc-plate method, using Staphyloco-
ecus aureus as the test organism10).

igentamicin-resistant strains were used. The

results (Table 2) show that the resistance
to the gentamicin C complex in these
organisms resides in the ribosomes.

The enzymatic activity of the 105,000xg
fraction from gentamicin-resistant orga-

nisms, which might phosphorylate, adenylate
or acetylate gentamicin, were investigated,

following the method employed with kana-

:mycin5~9). As presented in Tables 3 and4,

no significant inactivation of gentamicin C1?
<Cla or C2 by the cell extracts was observed

in the presence of ATP and/or acetyl CoA.
The kanamycin-phosphorylating enzyme

was obtained from P. aeruginosa H-9 by the

A c tiv ity r em a in e d

G en ta m ic in C i G en ta m ic in c ,. G e n ta m ic in c 2

# 5 4 1 0 3 1 1 0 1 0 2

1 4 6 1 1 0 1 0 3 1 10

2 0 7 9 5 1 0 5 1 10

2 0 9 9 3 9 5 1 0 5

2 9 0 1 0 5 1 0 8 1 0 0

3 6 0 1 0 0 1 0 5 9 5

The reaction mixture consisted of the 105,000xg-
supernatant 3.6 mg protein/ml, acetyl-CoA 0. 1 mM,
ATP 4mM, antibiotics 0.2mM, KC1 156mM, Mg ace-
tate 10 mM, 2-mercaptoethanol 15.6 mM and Tris-
HC1 260 mM, pH7.5. It was incubated at 37°C for

5

hours. The assay method was the same as des-
cribed in Table 3.

Table 5. Effects of extracts of Pseudomonas
aeruginosa H-9 on gentamicins

A n tibiotics A ctiv ity rem ain ed

Gentamicin A 0

G en tam icin C i 100

G en tam icin C ]a 100

G en ta m icin C 2 100

K an am y cin 0

The reaction mixture consisted of a fraction of
Pseudomonas extract 3 mg protein/ml ATP 20 mM,
antibiotic 0.2 mM, KC1 156 mM, Mg acetate 10mM,
2-mercaptoethanol 15.6 mM, and Tris-HCl 260 mM,
pH7.5. It was incubated at 37°C for 5hours. The
assaymethod was the same as described in Table 3.

method which includes ammonium sulfate
precipitation and chromatography with Se-

phadex G 100 and DEAE Sephadex A-507>8).

It was observed to inactivate gentamicin
A and kanamycin in the presence of ATP,

but did not significantly affect the activity
of gentamicin C1? Cla or C2 (Table 5).

Gentamicin A contains the paromamine
moiety in its molecule. It has been re-
ported that the 2-amino-2-deoxyglucose

moiety of paromamine is phosphorylated by
the kanamycin-phosphorylating enzyme in

the presence of ATP, resulting in formation
of paromamine-S'-phosphate. However,
instead of 2-amino-2-deoxyglucose, genta-

micin Cl9 Cla and C2 contain the purpuro-
samine moiety, which lacks a hydroxyl
group in the C-3 position. The differing

sensitivity of gentamicin A and of the C
group to the kanamycin-phosphorylating
enzyme may be due to these structural
differences.

In summary, the biochemical basis of
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gentamicin resistance in the six clinically
isolated strains of P. aeruginosa is a change
in sensitivity of the ribosomes. No signifi-

cant inactivation of the gentamicin C com-
plex was demonstrated with the cell extracts

in the presence of ATP and acetyl-CoA.
The present results are in accordance with

the fact that R-factor-mediated gentamicin
resistance of high levels has not been ob-
served and the levels of resistance mediated
are very low. The present study also con-
firms that the primary action of gentamicin
C is localized in the ribosomes. The kana-

mycin-phosphorylating enzyme affects genta-

micin A but not gentamicin C group anti-

biotics.
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