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1. Introduction

In [1,2] the target of the novel antibiotic, pseudo-
monic acid A (fig.1), in the bacterial cell, was shown
to be isoleucyl-tRNA synthetase (IRS). The antibiotic
is a powerful competitive inhibitor, with respect to
isoleucine, of the Escherichia coli B enzyme (table 1).
It specifically inhibits the formation of the IRS - iso-
leucyl adenylate complex, as measured by the pyro-
phosphate exchange reaction (K; 6 X 107° M; cf. K,
6.3 X 107 M; pH 7.4, 37°C) [3]. The binding ratio of
sodium pseudomonate A to IRS is ~1:1. The result-
ing sodium pseudomonate A - IRS complex is stable
and can be isolated by gel filtration on Sephadex
G-50. The aminoacylation of yeast tRNA!le catalysed
by rat liver IRS, is also competitively inhibited, with
respect to isoleucine, by sodium pseudomonate A [3]
but the K; (20 X 107 M) is several orders of mag-
nitude higher than that observed for the E. coli
B enzyme (table 1). It has been suggested [3,4] that
the epoxide sidechain terminus of the antibiotic,
which has the same carbon skeleton as isoleucine,
competes for the amino acid binding site on the
enzyme.

The antibiotic has a narrow range of antimicrobial
activity which is generally confined to Gram positive
bacteria [5]. Most Gram negative organisms, having
less penetrable cell walls, are highly resistant to the
antibiotic [e.g., minimum inhibitory concentration
(MIC) against Pseudomonas aeroginosa, >500 ug/ml;
cf. MIC against Staphylococcus aureus, 0.1 ug/mt].

With the discovery of the target of pseudomonic
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acid in the bacterial cell, the question arises of how
the producing organism of the antibiotic Pseudomo-
nas fluorescens (NCIB 10586) [8], is able to survive
the fermentation, since the antibiotic is released in
the fermentation broth at relatively high levels for a
substantial period of the replication phase of the
organism [6,7]. There is some evidence from studies
with cell wall-deficient mutants of E. coli that the
significantly greater MIC value for the wild type
organism (cf. cell wall mutants) is due, at least in
part, to the antibiotics reduced ability to penetrate
the cell wall [2]. It is not known, however, to what
extent reduced cell wall permeability or structural
alteration of the Ps. fluorescens enzyme contributes
to the relative insensitivity of the organism to the
antibiotic.

Table 1

Kinetic constants?
(overall aminoacylation)

Source of IRS

Km Ki
Ps. fluorescens
NCIB 10586 9.1 X 1075 M 145X 107 M
E. coli B 11.1 X 10-° MP«C 2.5 % 10-* MP
Rat liver 54 %107 Mb 2 X105 MP

apH 7.5,37°C; P from [3]; €K, = 4.6 X 107 M from [9—13]
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Investigation of the steady state inhibitory kinetics
of the aminoacylation of tRNA® catalysed by IRS
from Ps. fluorescens has shown that the enzyme has a
markedly reduced affinity for pseudomonic acid A
compared to the E. coli B and rat liver enzymes.

2. Materials, methods and results

2.1. Chemicals

Sodium pseudomonate was kindly donated by
Beecham Pharmaceuticals {Chemotherapeutic
Research Centre, Brockham Park, Betchworth,
Surrey). L-[U-**C}Iscleucine {254 mCifmmol}
was purchased from the Radiochemical Centre
{Amersham). Bulk tRNA (from E. coli strain Wyand
amino acids were from Sigma (UK), Fancy Road,
Poole, Dorset. Deoxyribonuclease-l and ATP were
obtained from Boehringer und Soehne, Mannheim).
All other chemicals and solvents were of Analar grade.

2.2, Radiveounting

Glass fibre filters were counted in a toluene baged
scintillant (5 ml) comprising 0.6% butyl PBD and 5%
naphthalene, using 2 Beckman 1.5-230 liquid scintilla-
tion counter {radiocounting efficiency: 85%).
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2.3. Preparation of S100 aminoacyl-tRNA synthetase
extract from Ps. fluorescens

Pseudomonas flucrescens NCIB 10586 was grown
ina 501 fermentor as in [8]. Cells were harvested by
centrifugation at 10 000 X g for 20 min at 4°C,
resuspended in 10 mM Tris—HCl buffer {pH 7.8) and
recentrifuged. The cells (18 g), alumina (Sigma)
(36 g) and Tris—HCl buffer (pH 7.7) (40 ml) were
ground for 20 min at 4°C in a mortar and pestle, The
paste was centrifuged at 15 000 X g for 20 min at
4°C, DNase (final conc. 3 ug/ml) was added to the
supernatant and the solution stood for 20 min. The
mixture was centrifuged at 30000 X gat 4°Cfor 1 h
and the supernatant recentrifuged at 100 000 X g for
3 hat 4°C. The §90 preparation was dialysed over-
night against Tris—HC buffer {pH 7.8) and recentri-
fuged at 35 000 X g for 20 min at 4°C. Sucrose (20%,
w/w) was added to the supernatant (16 ml) and the
aminoacyl-tRNA synthetase preparation stored fro-
zen at —20°C.

2.4, Aminoacylation assqy

In vitro aminoacylation was measured by the addi-
tion of an aliquot (20 ) of the dialysed Sygp amino-
acyl-tRNA synthetase preparation to the following
reagents in 100 i final vol.: 25 mM Tris—H(C
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Fig.2. Dialysed $,,, aminoacyHRNA synthetase preparation from Ps. fluorescens NCIB 10586 was added to the following
reagents in 100 gl final volt 25 mM Tris—-HCL (pH 7.5); S mM ATP, 70 mM KCL, 10 mM MpCL, 0.5 mM EDTA, 250 ug bulk
IRNA and L-{U-*CJisoleucine {1--14 #M), and incubated at 37°C for 20 min. After acidification the precipitate was collected and
radiocounted. (a} Compstitive inhibition of Psendomonas fluorescens (NCIB 10586) IRS: aminoscyiation kinstics. Lineweaver-
Burk plot: 1/¥ vs 1/{S]. (b} Dixon plot {1/F vs [11) of inhibition of trnalle aminoacylation by sodium pseudomonate.
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(pH 7.8); 5 mM ATP, 70 mM K1, 10 mM Mg(l,,
0.5 mM EDTA, 250 ug bulk tRNA and L-[U-*C]-
isoleucine (114 uM) After incubation for 20 min

at BTy ¥ o IFE TN Ala
at i oo lllc icauuuu Was v.iucu\,ucd Wlth I% Luvh}\’)xu-

acetic acid (1.5 ml) and left at 0—4°C for 30 min.
The sample was filtered through a Whatman GF/C
glass fibre filter, which was washed successively with
7% trichloroacetic acid (5 X 2 mt) and absolute etha-
nol (3 X 5 ml). The filters were dried at 100°C for
10 min and radiocounted.

2.5. Steady state inhibitory kinetics of Ps. fluorescens
isoleucyl tRNA synthetase
The rate of isoleucyl-tRNAI€ formation was fol-
lowed by the above aminoacylation assay at various
[*Clisoleucine (17 uM) and sodium pseudomon-
ate A (0—15 mM) concentrations. Each experiment
was carried out in triplicate and in each case the reac-

tion rate was shown to be linear for 220 min. The

3. Discussion

As demonstrated for the E. coli B and rat liver
isoleucyl-tRNA synthetases, the enzyme from the
pseudomonic acid A producing organism, Fs. fluores-
cens NCIB 10586, was competitively inhibited by

sodium nqpndnmnnmp with respect to isoleucine. It

had been established that itis the formation of the
IRS . ILE ~ AMP complex catalysed by the E. coli
B isoleucyl-tRNA synthetase and not the transfer of
Ile from the complex to tRNA!® that is competi-

tively inhibited with respect to isoleucine [3]. For the

overall aminoacylation reaction, the Michaelis con-
atante far IRQ fram the 3 ennresc ftahls 1Y are of the

stants for IRS from the 3 sources (table 1) are of the
same order of magnitude. However, the inhibitory
constants (K;) differ significantly. The K for the

E. coli B enzyme is 4000-times lower than the K,
indicating the great affinity of sodium pseudomon-
ate A for the enzyme, whilst the K, and K for the
rat liver enzyme are the same order of magnitude.

Tha lattar ~nhao 3 i i -
The latter observation clearly indicates that the euca

ryotic enzyme has less affinity for the antibiotic than
the E. coli B enzyme, which is probably the major
reason for the low toxicity of the drug in mammals
[5]. The K; for the Ps. fluorescens IRS, however, is
l600-t1mes greater than the K, and 6 X 10°%fold
greater than the K for the E. coli B enzyme, clearly

dicatine that the enzvme from the antibiot

naicating miat ine enZyme irom ind an 1C pro-
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ducing organism has a much poorer affinity for the
antibiotic. It appears therefore that the Ps. fluores-
cens enzyme is structurally altered compared with
TG £ Y L 3Ty L3 el T vererva o £ 21
LD 1I0I0 L. CUH D 41U UIC prouaucing organisii o1 ine
antibiotic avoids suicide, at least in part, by produc-
inga 'meudnmnmo acid-resistant mnlmmvl-tRNA syn-

thetase. The extent to which penetration of the anti-
biotic through the cell wall from the medium, permit-
ting re-entry of pseudomonic acid into the cell during
the fermentation, is restricted (and thereby contribut-
ing to the ability of the organism to overcome the
inhibitory effects of the antibiotic), is not known.
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