
M
IN

ERVA
 M

EDIC
A

COPYRIG
HT

®

MINERVA BIOTEC 2006;18:51-6

Bacteria immobilization for a bioluminescent biosensor

M. PERNETTI 1, 2, M. C. ANNESINI 1, C. MERLI 1, G. THOUAND 3, D. PONCELET 2

Microbial biosensors provide detection of specific com-
pounds with rapid and simple operations. In order to
enhance the handling, the miniaturization and stabili-
ty of the biosensor, bacteria immobilization is desir-
able. This paper proposes a suitable immobilization sys-
tem for a microbial biosensor detecting pollutants in
water. Agarose, alginate and poly-vinyl-alcohol were
tested. As there is a lack of systematic studies in litera-
ture, this work tried to evaluate the effects of immobi-
lization on biosensing performances, through com-
parison with suspended bacteria. Analyte detection,
storage stability and the possibility of re-using immo-
bilized bacteria were investigated.
Key words: Bioluminescence - Immobilization - Mem-
brane - Microbial biosensor.

The worldwide biosensor market is quickly grow-
ing: at the end of 2003 it was 7.3 billion dollars and

it is expected to grow of 10% in 2007.1 In particular,
microbial biosensors provide rapid measurements, no
need for complex sample preparation and stability in
wide operating conditions.2 Bacteria immobilization
is essential for the development and commercialization
of a biosensor, since it provides a close proximity
between the cell and the transducer, it enhances minia-
turization, stability and handling. Bacteria may be
immobilized using different methods, such as adhesion,
adsorption, entrapment.2-4 All these techniques are
currently used in biosensor technology; the choice of
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the best one for the specific application depends on the
microorganism, on the analyte, on the transducer and
on the configuration employed.

The aim of this work was to set up an immobilization
system suitable to bioluminescent biosensors for pol-
lutant detection in water. For this purpose, a recombi-
nant bioluminescent strain Ec::luxAB TBT3 was
employed, for the detection of tributyltin chloride
(TBT).5, 6 In order to select the suitable immobilization
system for the biosensor, a systematic characterization
procedure, evaluating physical, chemical and biologi-
cal properties, was carried out in a previous work.7
Agarose, alginate and freeze-thawed poly (vinyl alco-
hol) were then chosen as immobilization matrices. This
paper illustrates the results obtained with bacteria immo-
bilized in microtiter plates, as a first step for the devel-
opment of a real biosensor. Analyte detection, reuse
and storage stability were tested and results were com-
pared with those obtained with suspended bacteria.

Materials and methods

Chemicals

Alginate solution was prepared by dissolving 2%
w/w sodium alginate (Satialgine S170 Degussa textu-
rant systems, France) in distilled water.
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Agarose low melting point was supplied by SoBiGel
(France). The solution was prepared by dissolving
2% w/w of agarose in distilled water at 70 °C. This
solution has a jelling temperature of 25 °C (measured
by Perkin Elmer DCE calorimeter).

PVA poly (vinyl alcohol) (98-99% hydrolyzed,
Mw=85 000-146 000 kDa) was purchased from Sigma
Aldrich (France) and it was dissolved in distilled water
at 80 °C in order to obtain homogeneous solutions at
different concentrations (5% and 10% w/w).

Calcium chloride 1% w/w solution for alginate gela-
tion was prepared by dissolving CaCl2 dehydrated
(Fluka chemicals) in distilled water.

Glucose medium for Ec::luxAB TBT3 6 was pre-
pared with tap water, filtered with 0.45 mm mem-
branes (Millipore) and the following composition:
1.376 g/L D(+)glucose monohydrate, 0.192 g/L NH4Cl,
0.028 g/L K2HPO4, 5 g/L NaCl, 0.5 g/L yeast extract, 1
g/L tryptone. pH was adjusted at 7 and the medium
was sterilized at 100 °C for 30 min. The medium was
then completed with 0.01% v/v of SL7 solution, hav-
ing the composition: 10 mM HCl (25%), 0.5 mM
ZnSO4·7H2O, 0.5 mM MnCl2·4H2O, 1 mM H3BO3, 0.8
mM CoCl2·6H2O, 0.1 mM CuCl2·2H2O, 0.1 mM
NiCl2·6H2O, 0.15 mM Na2Mo4·2H2O. Antibiotics were
sterilized by filtration through a 0.22 µm membranes
(Millipore) and added to all media, to the following
final concentrations: 10 mg/L Tetracycline (Fluka) and
40 mg/L Ampicilline (Sigma).

Decanal solution, required to start luminescence
reaction, was prepared with 840 mM N-Decyl aldhei-
de (Sigma Aldrich, France) in distilled water and 2.4%
v/v isopropanol.

TBT stock solution (600 µM) was prepared with
Tributyltin monochloride (Sigma Aldrich, France) with
distilled water and 60% of ethanol at 70%, then seri-
al dilutions between 0.015 µM and 15 µM were pre-
pared with synthetic seawater at pH 8.2 (Instant
Ocean, France).

Bacteria immobilization

Ec::luxAB TBT3 was grown in continuous culture
with glucose medium in a special conceived bio-
reactor.5 Since all the assays were performed in par-
allel with immobilized and free bacteria, two inocu-
la of microbial suspensions were drawn at the same
time from the reactor and centrifuged for 5 min at 5
000 g (Biofuge PrimoR Heraeus). Then the first set
was suspended in the polymer solution at 35 °C,

while the second set was suspended in MgSO4 0.1 M.
After homogenization, both solutions were poured
and let solidifying in microtiter plates (100 µL for
each well). Analogously, 1 µL of the solutions were
poured in spectroscopy cuvettes to measure optical
density by UV spectroscopy at 620 nm. In this way the
cellular density was evaluated, attaining results in
agreement with the theoretical values calculated (15-
20% error).

Microtiter plates containing bacteria in alginate were
immersed in a CaCl2 bath for gelification. Microtiter
plates with agarose were left 10 min at 30 °C for solid-
ification, while those with PVA were kept in the refrig-
erator at 4 °C for 1 h, then frozen at -20 °C and thawed
after 16 h.

For some tests, immobilized bacteria were reaccli-
mated adding 50 µL of glucose medium to each well
and incubating the microtiter plate at 30 °C for 30 min.

Analyte detection

Fifty microliters of TBT solution at different concen-
trations were added to microtiter wells, then suspend-
ed bacteria were induced for 1 h and immobilized bac-
teria for 2 h, at 30 °C. For each set of tests control sam-
ples were prepared with 7% ethanol in synthetic sea-
water. Twenty-five microliters of N-Decyl aldheide solu-
tion was then added to every well, in order to start the
luminescence reaction. Light signal was measured by
microtiter plate luminometer (Microlumate L96V EGG
Berthold). Every measurement was carried out on 12
wells and every assay was repeated in triplicates.

Stability

Storage tests: microtiter plates with immobilized
bacteria were sealed and stored at 4 °C, then induced
with TBT.

Reuse tests: after the first induction, the wells con-
taining immobilized bacteria were regenerated, by
washing with MgSO4 0.1 M solution, then induced
again with TBT solutions.

Results

Analyte detection

In order to evaluate the performances of a lumi-
nescent biosensor, two parameters were investigat-
ed: the signal intensity and the induction ratio.
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The signal intensity is registered by the commercial
luminometer as RLU/s (relative light unit/s) along
time. In this study, the profile registered along time
was integrated in the measurement interval (30 min),
in order to quantify the total luminescence emitted by
the bacteria (measured in RLU). This integral approach
allows comparing the luminescence of different sys-
tems, independently from the process kinetics, which
may be influenced by diffusion limitations through
the polymeric matrix.

The Induction Ratio (IR), defined as IR=RLUind/
RLU0, where RLUind is due to the induced sample
and RLU0 is due to the control sample, not
induced.5, 8 As both samples were always drawn
from the same batch of bacteria, this ratio is prac-
tically independent from the physiological state of
the cells and it quantifies their response to the ana-
lyte. IR is employed for the semi-quantitative assess-
ment of the analyte.

Both parameters were herein studied to assess
the effects of immobilization on the biosensor oper-
ation and to optimize the procedures in order to
enhance the performances. Experiments for TBT
detection were firstly carried out with bacteria immo-
bilized in agarose. The effects of induction time, re-
acclimation step and cell concentration were inves-
tigated.

It was observed that an acclimation step with glu-
cose medium enhanced the luminescence activity of
immobilized bacteria. As it is shown in Figure 1, 30
min acclimation at 30 °C resulted in a 20-fold increase

of signal intensity, while the induction ratio kept
almost unchanged.

This phenomenon may be due to rehydration phe-
nomena or simply to substrate requirement for lumi-
nescence reaction. Immobilized bacteria thus accli-
mated were compared with suspended bacteria: the
former attained RLU values four times lower than
free bacteria (data not shown), probably because of
diffusion limitation through the matrix, which may be
limited by reducing the thickness. However, light
intensity emitted by immobilized bacteria was still
far above luminometer detection limits, and induction
ratios were comparable with those from suspended
bacteria (Figure 2). The same experiments were car-
ried out with the other polymers: alginate and freeze-
thawed PVA. Some of the results, obtained with the
same cellular density, are resumed in Figure 3. The
induction profile of bacteria in alginate was shifted
towards higher TBT concentrations, resulting in a
detection limit of 150 nM, higher than bacteria in
agarose. This may be due to a hindered diffusion of
the analyte, because of adsorption phenomena on
the anionic polymer. Bacteria in PVA showed a flat
induction profile, with a detection limit between 75
nM and 150 nM and low values of induction ratio.
This may be due to insufficient reacclimation of the
immobilized bacteria after the thawing and/or to
insufficient induction time with TBT. A large differ-
ence among the three matrices was also observed in
terms of reproducibility: for agarose standard devia-
tion values varied between 9% and 20%, for alginate
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Figure 1.—TBT induction: light signal emitted by bacteria immobili-
zed in agarose, acclimated and non acclimated.
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Figure 2.—TBT induction: Induction Ratio with bacteria in suspension
and immobilized in agarose (acclimated).
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between 9% and 35% and for PVA between 20% and
40%. However reproducibility should be further
improved.

Stability

In order to be widely employed and commercial-
ized, biosensors should show high operational and
storage stability. These characteristics are specific for
immobilized bacteria, since free bacteria may neither
be re-used for repetitive measurements, nor be stored

in refrigerator for several weeks (they can be stored
only after being freeze-dried, which is not suitable to
a biosensor). The evaluation of stability properties
therefore allows pointing out the specificity and the
advantages of immobilization. Two tests were carried
out: re-use tests, to investigate the possibility of per-
forming repetitive measurements with the same mem-
brane containing bacteria, storage tests, to evaluate the
shelf-life of membranes containing bacteria. As a mat-
ter of fact, during storage bacteria should be inactive
and non-growing, but they must be able to quickly
recover their activity and to be ready for measure-
ments.

STORAGE TEST

The viability loss of bacteria immobilized in algi-
nate stored at 4 °C was insignificant after 1 week, of
5% after 2 weeks and of 78% after 3 weeks. The lat-
ter dramatic loss may be avoided in the future with
further optimization of both storage process (sealing
and progressive cooling) and preconditioning of
immobilization bacteria (reacclimation in glucose
medium and progressive warming). However, up to
2 weeks storage, the agarose-immobilized bacteria
kept similar induction profile and detection limit,
while the slope and the values of induction ratios
decreased (Figure 4). To take into account the
changes in IR values, the biosensor should always be
calibrated before any measurement of an unknown
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Figure 3.—Comparison of induction profile due to bacteria immobi-
lized in three different polymers: agarose, alginate and PVA.
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Figure 4.—Induction profile of bacteria immobilized in agarose, after
0, 1 and 2 weeks storage.
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Figure 5.—Induction profile of bacteria immobilized in alginate, after
0, 1 and 2 weeks storage.
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sample. Bacteria immobilized in alginate showed no
loss in viability after 1 week, nevertheless the induc-
tion profile resulted very different from the original
one and detection limit was significantly reduced
(Figure 5). Finally, bacteria in PVA showed a viabil-
ity loss of 53% after one-week storage, which was
unacceptable.

REUSE TESTS

Immobilized bacteria after 1-week storage were
employed for reuse tests. As it can be observed in
Figure 6, bacteria in agarose during the second mea-
surement after regeneration gave a detection limit
and an induction profile close to the first measurement.
This means that these membranes can be employed
for at least two consecutive measurements. Alginate
gave negative results, since the induction profile and
the detection limit of the first and the second mea-
surements were completely different (Figure 7). This
may be due to the adsorption of TBT on the alginate
matrix, due to its free carboxyl groups; nevertheless,
this hypothesis should be validated with further inves-
tigation and analysis.

Discussion and conclusions

In order to develop an environmental biosensor
for the detection of Tributyltin in water, biolumines-

cent bacteria were immobilized in agarose, alginate
and freeze-thawed PVA. Acclimation of immobilized
bacteria with glucose medium enhanced lumines-
cence activity, so that immobilized bacteria showed a
good inducibility and an induction ratio, comparable
with suspended bacteria.

Agarose showed the best results in terms of bio-
compatibility and signal emission. While suspended
bacteria cannot be neither regenerated nor stored for
longtime, it was proved that immobilization allows
the reuse and the storage: the same membrane con-
taining bacteria could be used for repetitive mea-
surements and stored in refrigerator, with evident cost
reduction, compared to a disposable kit. Finally,
through immobilization, reproducibility may be
enhanced, since a stock of membranes may be easi-
ly prepared from the same microbial culture, guar-
anteeing constant physiological state and activity.
However, further studies are in progress to test the per-
formances of a real biosensor in continuous mode,
with real samples of seawater.

Acknowledgements.—The authors acknowledge the help supplied
by Thomas Charrier, Dr. Habib Horry and Patricia Vachon, in carry-
ing out the bacterial cultures.

References

1. Fuji-Keizai, Biosensor market, R&D and Commercial implication.
2004, http://www.fuji-keizai.com/e/report/biosensor2004_e.html:
New York.

20

5

0

10

15

IR

0.1 10 1000.01

TBT (µM)

1

1st 2nd

Figure 6.—Reuse test: induction profiles of bacteria immobilized in aga-
rose, due to the first measurement (1st) and the second measurement
(2nd), after washing.

25

5

0

10

15

IR

0.1 10 1000.01

TBT (µM)

1

1st 2nd

20

Figure7.—Reuse test: induction profiles of bacteria immobilized in
alginate, due to the first management (1st) and to the second measu-
rement (2nd), after washing.



M
IN

ERVA
 M

EDIC
A

COPYRIG
HT

®

PERNETTI BACTERIA IMMOBILIZATION FOR A BIOLUMINESCENT BIOSENSOR

56 MINERVA BIOTECNOLOGICA March 2006

2. D’Souza SF. Microbial biosensors. Biosens Bioelectron 2001;16:
337-53.

3. Semenchuk IN, Taranova LA, Kaleniuk AA, Il’iasov PV, Reshetilov
AN. [Effect of various methods of immobilization on stability of a
microbial biosensor based on Pseudomonas rathonis T during
detection of surfactants]. Prikl Biokhim Mikrobiol 2000;36:80-4.

4. D’Souza SF. Immobilization and stabilization of biomaterials
for biosensor applications. Appl Biochem Biotechnol 2001;96:
225-38.

5. Thouand G, Horry H, Durand MJ, Picart P, Bendriaa L, Daniel P et
al. Development of a biosensor for on-line detection of tributyltin

with a recombinant bioluminescent Escherichia coli strain. Appl
Microbiol Biotechnol 2003;62:218-25.

6. Durand MJ, Thouand G, Dancheva-Ivanova T, Vachon P, DuBow
M. Specific detection of organotin compounds with a recombinant
luminescent bacteria. Chemosphere 2003;52:103-11.

7. Pernetti M, Poncelet D, Thouand G, Annesini MC, and Merli C.
[Characterization of agarose as immobilization matrix model for a
microbial biosensor]. Hemijska Industrija 2003;57:600-4.

8. LaRossa RA, editor. Bioluminescence methods and protocols:
methods in molecular biology, Vol. 102. Totowa, NJ: Humana
Press; 1998.


