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This paper describes a possible application of luminescent Escherichia coli activated by blood serum for
high-sensitivity and high-specificity assays of antibiotics in solutions. Antibiotics inhibited luminescence of a
genetically engineered E. coli strain; the system sensitivity to some antibiotics grew notably after the cells had
been preactivated by blood serum. The highest level of sensitivity (2.8 = 0.6 ng/ml) of luminescent cells was
obtained for aminoglycoside antibiotics (gentamicin and streptomycin). It is feasible to create the specific
biosensor for antibiotics on the basis of bioluminescent E. coli strains by applying sera containing antibodies
against the antibiotic under assay. The presence of antibodies specific for gentamicin in serum affects
inhibition of luminescent cells by gentamicin but not inhibition by other antibiotics.

The widespread use of antibiotics in medicine, veterinary,
biotechnology, and agriculture necessitates the application of
high-sensitivity, specific, and simple methods for their detec-
tion, with the lower detectable concentrations ranging from 1
to 50 ng/ml. Antibiotics are assayed chromatographically, im-
munochemically, microbiologically, and by other methods (17).
Bioluminescence procedures are among the most speedy and
sensitive detection assays (1, 4, 12, 17, 18). The use of recom-
binant Escherichia coli strains (with genes incorporated from a
bacterial luminescent system derived from marine bacteria)
notably simplified the experimental assay using luminescent
bacteria. Luminescent E. coli strains and some luminescent
strains of other bacteria were used to assay the antibacterial
effect of many antimicrobial agents (3, 6, 14, 15, 18, 20). The
increase in the light response seen with a luxCDABE-based
bioluminescence bacterium after exposure to some organic
solvents was due to changed fatty acid synthesis patterns that
affected the aldehyde supply for the bioluminescence reaction
(7). The membranolytic effect of blood serum was studied by
the use of E. coli with an insect luc gene (19). Although lumi-
nescent bacteria have been applied in tests of antibiotics, the
problem of assay specificity has always been a concern (12, 17).
Previous publications described a recombinant E. coli strain
capable of luminescence only in the presence of tetracycline-
type antibiotics (9-11, 13).

Earlier, we explored the effect of antibiotics and various
samples of blood serum on luminescence of a recombinant
E. coli strain (2). Streptomycin was used to exemplify a notable
sensitization of serum-activated cells to the antibiotics. The
objective of this research was to provide a high level of assay
specificity for antibiotics by the use of recombinant E. coli
strains. We propose the application of the specific immune
sera as an antibiotic detector. The luminescence of cells
treated by antibiotics should be less inhibited in the presence
of antibodies, since antibodies trap a portion of the antibiotic.
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In this research, gentamicin was used to demonstrate antibiot-
ic-caused inhibition effects on recombinant an E. coli strain.

Bacterial strains. A luminescent E. coli strain was con-
structed using standard techniques (16). The bacterium E. coli
K12 TG1 was used as a recipient of hybrid plasmids with the
insertion of luxCDABE of Photobacterium leiognathi 54D10
(from the collection of M. V. Lomonosov Moscow State Uni-
versity) (5). The uxCDABE genes were isolated by the use of
the vector plasmid pUC19. The luminescent E. coli TG1 clones
were grown at 28°C up to the mid-logarithmic growth phase
under submerged conditions in culture medium containing (in
grams/liter) NaCl (5), Na,HPO, - 12H,O (5.3), KH,PO, -
2H,0 (2.1), (NH,),HPO, (0.5), MgSO, - 7 H,O (0.1), peptone
(10), yeast extract (1), and glycerol (3 ml/liter) and supple-
mented with 100 pg ampicillin/ml and were then centrifuged at
400 X g for 20 min. The precipitated bacteria were resuspend-
ed in the cooled protective medium containing gelatin (1%),
sodium glutamate (1%), and saccharose (10%) (pH 7.5 to 7.8)
(5). The cell density was adjusted to 7 X 10" to 2 x 10"
cells/ml. The cell aliquots were placed in glass weighing bottles,
slowly frozen by liquid nitrogen, and lyophilized with a New
Brunswick instrument (St. Albans, Hertfordshire, United King-
dom) for 20 h.

Sample preparation. Lyophilized cells were rehydrated with
cold distilled water and allowed to stay at 4°C for 0.5 h. The
cells were than diluted with 5 mM HEPES-Na buffer (pH 7.2)
to a concentration of (2.5 = 1.0) X 107 cells/ml. Solutions of
antibiotics (1 to 2 mg/ml) were prepared in the buffer or meth-
anol and diluted with 5 mM HEPES-Na buffer to the desired
concentration before being added to cells. For cell activation
by serum, the serum aliquot (20 pl/ml) was added to E. coli
suspension and incubated for 20 min; 0.05% Tween 20 was also
added to the cells. Samples of normal sera as well as of antisera
were from Immunotek (Moscow, Russia). The aliquots (0.8
ml) of serum-activated cells were placed in the luminometer
measurement cuvettes and supplemented with 0.2 ml of anti-
biotic solution; the control sample of cells was supplemented
with buffer. Finally, the cell concentration in the measurement
cuvette was (2 = 1) X 107 cells/ml, the quantity of serum



1246 VLASOVA ET AL.

TABLE 1. Sensitivity of luminescent E. coli (native and activated
by normal serum) to some antibiotics®

Results (ng/ml)

Antibiotic

Native cells Serum-activated cells
Streptomycin 78 =17 22+05
Gentamicin 92 +20 33 £0.6
Neomycin 200 = 35 1535
Monomycin 210 £ 45 16 £3.5
Kanamycin (3.8 =0.8)-10° 25+55
Oxytetracycline 270 = 30 45+=9
Chloramphenicol (22 *05)-10° (0.42 = 0.05) - 10°
Erythromycin (5.7=1)-10° (2.5 = 0.6) - 10°

¢ Cells were incubated with antibiotic for 60 min. The serum was added (at 20
wl/ml of cell suspension) 20 min before addition of the antibiotic. The cell
suspension consisted of 5 mM HEPES-Na (pH 7.2), 0.05% Tween 20, and (2 =
1) - 107 cells/ml and was used at 23°C. All values represent the means (+ SD) of
three independent experiments.

amounted to 16 pl/ml (with no serum used in experiments with
native cells), and the antibiotic concentration was adjusted.

Luminescence measurements. The luminescence was re-
corded at 23°C with an LKB-1250 luminometer (LKB-Wallac,
Turku, Finland). In every experiment up to eight samples were
measured, with replicate measurements of identical sample
preparations (usually n = 3); one of the samples served as a
control. The luminescence intensity (I) was measured every 10
min after the antibiotic had been added, and the mean (=
standard deviation [SD]) for the three tests of the sample was
calculated. In our experiments, the measurement time corre-
sponded to the time of incubation of cells with antibiotics. The
effect of antibiotics on the luminescence of recombinant E. coli
was characterized by the determination of the relative lumi-
nescence parameter /.., (the percentage of luminescence for
the antibiotic-containing cell suspension versus the control
value at measurement moment ¢). Further discussion will
largely concern ¢ = 60 min. The experimental error of /., was
less than 5%, which permitted us to determine the sensitivity of
cells to antibiotics as the concentration at which the lumines-
cence inhibition occurred was 10% (I, = 90%).

Effects of the presence of antibiotics and sera on the lumi-
nescence of recombinant E. coli. Recombinant E. coli cells are
characterized by steady-state luminescence lasting many hours.
The addition of antibiotics to cell suspensions inhibits E. coli
luminescence (depending on the antibiotic concentration and
the incubation time). The sensitivity of cells to some antibiotics
after 60 min of incubation is shown in Table 1.

Addition of serum to genetically engineered E. coli cells
activated their luminescence (2, 19). We examined the effects
of the presence of human and rabbit sera, as well as that of the
immune rabbit sera, on the cell luminescence. The serum sam-
ples tested influenced the cells in similar ways: E. coli incuba-
tion with serum activated cell luminescence; after the maxi-
mum level had been reached, luminescence slowly decreased.
The incubation of cells with serum (20 pl of serum/ml of cell
suspension) for 60 min intensified cell luminescence 8- to 10-
fold.

Effect of antibiotics on luminescent E. coli activated by nor-
mal serum. Fig. 1A shows the kinetics of luminescence of
recombinant E. coli activated by the presence of normal serum
at various gentamicin concentrations. The serum was added 20
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min before the antibiotic. When added at that time, the serum
activated the cell luminescence about sevenfold (data not
shown). Then, gentamicin was added to the cells at # = 0 (Fig.
1A). The upper curve of the figure shows the kinetics of lumi-
nescence increase for the control suspension supplemented
with buffer. The presence of gentamicin in other samples de-
creased E. coli luminescence intensity compared to the levels
seen with the control. The effect depended on the gentamicin
concentration in the cell suspension and on the measurement
time point. Table 1 lists the levels of sensitivity of the biosensor
to some antibiotics. Analysis of the tabulated results shows
substantial sensitization of cells (activated by normal serum) to
some antibiotics. Besides those indicated in Table 1, other
antibiotics were tested. These antibiotics (bacitracin, benzyl-
penicillin, cyclosporine, cyclophosphamide, oxacillin, and rifa-
mycin) showed a poor effect on genetically engineered E. coli
luminescence levels in our experimental scheme (test sensitiv-
ity > 5 pg/ml).

The inhibition of bacterial luminescence by antibiotics in
the presence of immune serum compared to the results seen
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FIG. 1. Time dependencies of the luminescence of recombinant
E. coli (activated by serum) at various gentamicin concentrations. (A)
Normal serum; (B) gentamicin-specific immune serum. An 0.8-ml cell
suspension was supplemented with 0.2 ml of antibiotic solution at t =
0. The serum was added (at 20 pl of serum/ml of cell suspension) to a
cell suspension consisting of 5 mM HEPES-Na (pH 7.2), 0.05% Tween
20, and 2 X 107 cells/ml (at 23°C) 20 min before addition of the
antibiotic. r.u., relative units.
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FIG. 2. Relative luminescence levels of recombinant E. coli (acti-
vated by the presence of normal serum [O] or of gentamicin-specific
immune serum [@]) as a function of gentamicin concentration. The
duration of incubation of cells with antibiotic was 60 min. The serum
was added (at 20 pl/ml of cell suspension) to a cell suspension con-
sisting of S mM HEPES-Na (pH 7.2), 0.05% Tween 20, and 1.8 X 107
cells/ml (at 23°C) 20 min before addition of the antibiotic. Data rep-

resent the means of three independent measurements (= SD). The
results are typical of four independent experiments.

with normal serum. The experiment (in similarity to that de-
scribed for Fig. 1A) was performed with recombinant E. coli
activated by immune serum containing antibodies specific for
gentamicin. In this case, the resultant luminescence kinetic
curves for the samples (containing 2 to 50 ng of antibiotic/ml)
coincided with those for the control sample (0 ng/ml). Inhibi-
tion of cell luminescence became notable at gentamicin con-
centrations of about 100 ng/ml and increased with the genta-
micin concentration (Fig. 1B).

A comparison of the effects of various gentamicin concen-
trations on the relative luminescence levels of E. coli (activated
by normal serum or specific immune serum) is presented in
Fig. 2. In cases in which cells were activated by the presence of
normal serum, the relative E. coli luminescence level de-
creased by 27% when the sample contained 10 ng of gentami-
cin/ml (I,;, = 73% [curve 1]). In the presence of immune
serum, inhibition of luminescence by the antibiotic was not
observed at concentrations of gentamicin up to 50 ng/ml (., =
100% [curve 2]) and was less than 10% at 100 ng of gentami-
cin/ml (I, = 94% [curve 2]). The absence of luminescence
inhibition in the mixture containing antibodies specific for gen-
tamicin is explicable by the formation of immune gentamicin-
antibody complexes incapable of inhibiting E. coli lumines-
cence. When the solution contained 200 ng of gentamicin/ml,
the quantity of antibodies was not large enough to trap the
total amount of the antibiotic in the solution and a portion of
the antibiotic in the solution remained free; the level of inhi-
bition in the presence of immune serum was 16%, whereas that
measured in the presence of normal serum was 60%. Genta-
micin (500 ng/ml) inhibited luminescence in the two cell sus-
pensions equally, since in this case the antigen-antibody com-
plex concentration was much less than that of the antibiotic.
The effect of the presence of the immune serum may be de-
pendent on both its quantity and its antibody content. Similar
experiments were performed with other antibiotics for which
we had immune sera; these antibiotics were streptomycin, tet-
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racycline, and chloramphenicol (data not shown). The results
for streptomycin with respect to the dependence of relative
luminescence levels on antibiotic concentration were similar to
those presented in Fig. 2. The maximum discrepancies for
gentamicin and streptomycin in the /., parameter in curves 1
and 2 were 50 to 60%. For chloramphenicol and tetracycline,
1., discrepancies were 15 to 30%. In these cases, when the test
sensitivity is tens or hundreds of nanograms per milliliter it
may be useful to increase the discrepancies by one of the two
ways: either by enriching the antiserum with an immunoglob-
ulin G fraction of immune serum or by adding more serum (up
to 100 l).

Test specificity. The specific action of the antibodies was
demonstrated by a comparison of the inhibitory effect of the
presence of streptomycin on the luminescence of cells acti-
vated by normal serum to the effect seen with gentamicin-
specific immune serum. Here, the time dependencies of
luminescence were identical for normal and immune sera.
Gentamicin-specific serum formed no immune complexes with
streptomycin and, hence, had no effect on the capacity of
streptomycin to inhibit luminescence. Identical experiments
were also conducted for the following combinations: antiserum
against streptomycin plus gentamicin and antiserum against
chloramphenicol plus streptomycin. In all cases, the presence
of antibodies had no detectable effect on luminescence inhibi-
tion by antibiotics.

Conclusions. In this research, we used well-known published
data on the inhibition of bacterial bioluminescence by antibiotics
(3, 6, 12, 14, 15, 18) and on the use of immune sera to assay
antibiotics (8, 17). The combination of these approaches with our
biosensor afforded results that served as an experimental ground
for the assay of antibiotics by the use of genetically engineered
E. coli and immune sera. These results included (i) the inhibition
of recombinant E. coli luminescence when minor doses of some
antibiotics were added to cell suspensions (Table 1), (ii) a notable
increase in cell sensitivity to some antibiotics when cells were
activated by blood serum (Fig. 1 and Table 1) (the minor exper-
imental error provides the high sensitivity of the method), and
(iii) the discrepancies in antibiotic-caused luminescence inhibi-
tion results for E. coli activated by normal blood serum or by a
specific immune serum (helping to identify the antibiotic) (Fig.
2). Our experimental approach is very simple, and (including
all preliminary preparations for the procedure) the assay lasts
no more than 3 h.

For quantitation of antibiotics by the use of luminescent
E. coli, it is necessary to construct the calibration curves. Con-
struction of the curves largely depends on the choice of incu-
bation time for the cell suspension and antibiotic (2, 10, 12).
The levels of cell luminescence can be changed by the presence
of a number of organic substances; therefore, the assay re-
quires adequate experimental controls for the interpretation of
sensing data (7). The influence of biological fluids on E. coli
luminescence needs to be taken into account when assays of
antibiotics in various biological fluids are conducted; one
method is that of adding a similar antibiotic-free fluid to the
control sample. It may be useful to inactivate biological fluids
by heating (6, 11, 12, 19). It is to be noted that the above-
described experimental scheme is modifiable. For the efficient
assay of other antimicrobial agents, it will be useful to alter the
conditions of activation by serum and of cell incubation with
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antibiotics as well as to use other luminescent bacterium
strains. Likewise, the experimental approach on offer is appli-
cable for obtaining information about the presence (in serum)
of antibodies against a definite antibiotic, which is important
when determining allergic states.

The results of this research show that it is feasible to elab-
orate a new assay—simple, speedy, and providing high levels of
sensitivity and specificity—for antimicrobial agents on the basis
of genetically engineered E. coli strains and immune sera.

We express our appreciation to Z. V. Samsonova for providing the
immune sera.
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