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Surface-active compounds (surfactants) are widely
used in household and various industries as compo-
nents of detergent powders, emulsifiers, corrosion
inhibitors, foaming, waterproofing, antistatic, and
flotation agents, etc. [1]. The ever-growing produc-
tion of surfactants hasled to increasing accumulation
of these compoundsin the environment. Indeed, sew-
age from some industries may contain up to 10 g/l of
anionic and nonionic detergents [2], which, when
reaching bodies of water, kill aquatic microflora and
spoil water. Although surfactants themselves are rel-
atively nontoxic to warm-blooded animals, they pro-
mote the accumulation of toxic compoundsin living
organisms, thereby enhancing the toxic effect of
these compounds [2].

Surfactants occurring in the environment can be
detected by chemical methods and by methods that
employ biosensors, including those of microbial origin
[3-5]. Microbia sensors are composed of a receptor,
which represents intact cells responding to changes in
the environment, and a detector, which transforms the
cell response to a physicochemical signal. Microbial
sensors offer the advantage of simple construction and
operation, low cost of production and analysis, high
sensitivity, and easy use.

The aim of the present work was to evaluate the sur-
factant-induced response of Pseudomonas rathonis
cells working as the receptor element of a membrane
biosensor and to determine the stability of such
response during the long-term storage of cells or cell-
containing receptors. The response of cells to surfac-
tants was evaluated in terms of induced changesin the
cell respiration.

The Pseudomonas rathonis strain T was obtained
from the collection of the Dumanskii Institute of Col-
loidal Chemistry and Chemistry of Water. The strain
was maintained on peptone-tryptone agar dantsat 4°C
with the transfer onto fresh slants at 6-month intervals.

Cells for experiments were grown on the slants at
37°C for 18 h and suspended in 50 mM K-Na phos-
phate buffer (pH 7.4) to a concentration of 100 mg wet

cells per milliliter. The suspension was stored in a
refrigerator at 4°C in sealed Eppendorf tubes.

To manufacture a receptor element, the cell suspen-
sion (after either 1 day or 7 months of storage) was
applied onto Whatman GF/A chromatographic paper.
Impregnated paper was partially dried intheair for 30 min
and then either immediately used for the manufacturing
of a biosensor or placed in a glass-stopped flask and
stored at 4°C to be used at an appropriate time.

To manufacture a biosensor, the receptor element
(Whatman paper with adsorbed cells) was fixed on the
measuring surface of a Clark-type oxygen electrode,
which was coupled to an Ingold 5313/10 amplifier
(Switzerland—United States). All measurement were
carried out at 20-22°C in a 50 mM K-Na phosphate
buffer (pH 7.4). The biosensor signal was recorded,
using an XY Recorder-4103 (Czech Republic), as the
first derivative of the change in the electrode current in
response to the addition of a surfactant into the measur-
ing chamber.

In the manufacture of biosensors employing micro-
bial cells, the preservation of the cells in a physiologi-
cally active state to provide for the sensitivity and sta-
bility of the biosensors for sufficiently long periods of
timeis of crucial importance. The preferred immobili-
zation methods are the adsorption of cells on various
surfaces and their incorporation into gels [6]. Our pre-
vious investigations showed that P.rathonis T cells
immobilized in a gel can be used as the receptor ele-
ment of an amperometric biosensor for detecting
anionic surfactants[4]. It was also found that the stabil-
ity of such a biosensor considerably depends on the
type of gel used for immobilization [5].

In spite of the apparent advantages, immobilization
in gels shows some disadvantages, the main of whichis
the decrease in the biochemical activity of immobilized
cells. This prompted us to investigate the possibility of
creating a biosensor based on P. rathonis T cellsimmo-
bilized by means of adsorption on paper.

The results presented below show that biosensors
whose receptor elements represent P. rathonis T cells
immobilized by means of physical adsorption on paper
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Fig. 1. Calibration curve with respect to SDS for a mem-
brane biosensor based on P. rathonis T cells and a Clark-
type oxygen electrode.
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Fig. 3. The effect of storage of the suspension of P. rathonis
T cellsfor (1) 1 day and (2) 7 months on the sensitivity of
the membrane biosensor to SDS.

(hereafter called membrane biosensors) can be used for
detecting the anionic surfactant sodium dodecy! sulfate
(SDS). Figure 1 presents a calibration curve con-
structed for such a biosensor within the range of SDS
concentrations between 1.6 pM and 3.12 mM. The
lower limit of SDS detection (1.6 UM or 0.46 mg/l) was
close to that of the biosensor whose receptor element
represented cellsimmobilized in an agar film (hereafter
caled film biosensor) [3, 4]. The sensitivity of the
membrane biosensor was dightly higher than that of
the film biosensor. The reason for thisistwofold. First,
the diffusion of SDS molecules to the cells immobi-
lized in the agar film is hindered. Second, the value of
the response of cells to SDS probably depends on the
cell wall permeability, which increases under the action
of the surfactant [7]. If so, the response of the gel-
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Fig. 2. Calibration curve for the membrane biosensor with
respect to DEA.
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Fig. 4. The effect of storage of immobilized P. rathonis T
cells (in the form of the receptor element) for (1) 1 day,
(2) 7 days, and (3) 1 year on the sensitivity of the biosensor
to SDS.

immobilized cells to SDS could decrease owing to the
protective effect of the gel.

Within the range of SDS concentrations from 0.2 to
1 mM (Fig. 1), the calibration curve showed a plateau,
whose formation can be accounted for by drastic
changes in the physicochemical properties of aqueous
solutions of surfactants at their concentrations exceed-
ing critical micelle concentration (CMC) [1]. It can be
suggested that the CMC of SDSin 50 mM K—Na phos-
phate buffer is close to 0.2 mM.

Among the other anionic, cationic, and nonionic
surface-active components of detergent powders, such
as sodium akyl sulfate, sodium akylbenzene sulfonate
(Cyp), imidostat, diethanolamide (DEA), and sulfoet-
hoxylate, only the nonionic surfactant DEA could
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induce a sufficiently high response of immobilized cells
at concentrationsranging from 2.5 to 125 mg/l (Fig. 2).

Figure 3 shows the effect of storage of P. rathonis T
cells, used for the manufacture of the receptor element
of the membrane biosensor, on its sensitivity to SDS,
and Fig. 4 shows the effect of storage of the receptor
element on the sensitivity of the biosensor. It can be
seen that the sensitivity of the membrane biosensor
with the receptor element manufactured from cells
stored for 7 months decreased by an order of magnitude
as compared with the cells stored for 1 day. In particu-
lar, the response of the first variant of the biosensor to
80 uM SDS was almost the same as the response of the
second variant to 8 UM SDS (Fig. 3). Asfor the storage
of cellsintheimmobilized state (i.e., in the form of the
receptor element), it is evident that 7-day storage
impaired neither the lower limit of sensor sensitivity
nor the value of its response to SDS (Fig. 4). On the
other hand, as with the 7-month storage of the cell sus-
pension, the 1-year storage of the receptor element led
to an order-of-magnitude fall in the biosensor sensitiv-
ity to SDS. Nevertheless, in both variants of long-term
storage, the sensitivity of the membrane biosensor
remained sufficiently high to detect SDS at concentra
tions of 100 uM and higher (Figs. 3 and 4).

To conclude, the membrane biosensor based on
P. rathonis T cells and a Clark-type oxygen electrodeis
sensitiveto the anionic surfactant SDS and the nonionic
surfactant DEA with the lower limits of detection equal
to 0.46 and 2.5 mg/l, respectively. The insensitivity of
this biosensor to the other surface-active components of
detergent powders (sodium akyl sulfate, sodium alkyl-
benzene sulfonate, imidostat, and sulfoethoxylate) sug-
gests that it can be used for the selective detection of
SDS and DEA in detergent-containing solutions and
wastewaters. The sensitivity of the membrane biosen-
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sor remains at a relatively high level after a 7-month
storage of the cell suspension or a 1-year storage of the
receptor element in arefrigerator at 4°C.

ACKNOWLEDGMENT

We are grateful to L.A. Taranova for providing the
P. rathonisstrain T.

REFERENCES

1. Rusanov, A.l., Mitselloobrazovanie v rastvorakh PAV
(Micelle Formation in Solutions of Surfactants),
St. Petersburg: Khimiya, 1992.

2. Stavskaya, S.S., Udod, V.M., Taranova, L.A., and Kriv-
ets, 1.A., Mikrobiologicheskaya ochistka vody ot pov-
erkhnostno-aktivnykh veshchestv (Microbiological Puri-
fication of Water from Surfactants), Kiev: Naukova
Dumka, 1988.

3. Nomura, Y., Ikebukuro, K., Yokoyama, K., Takeuchi, T.,
Arikawa, Y., Ohno, S., and Karube, |., A Novel Microbia
Sensor for Anionic Surfactant Determination, Anal.
Lett., 1994, vol. 27, pp. 3095-3108.

4. Reshetilov, A.N., Semenchuk, I.N., lliasov, PV., and
Taranova, L.A., The Amperometric Biosensor for Detec-
tion of Sodium Dodecy| Sulfate, Anal. Chim. Acta, 1997,
vol. 343, pp. 19-26.

5. Semenchuk, I.N., Taranova, L.A., Kalenyuk, A.A.,
II"'yasov, PV., and Reshetilov, A.N., The Effect of Differ-
ent Immobilization M ethods on the Stahility of aBiosen-
sor Based on Pseudomonas rathonis T Cells during the
Detection of Surfactants, Prikl. Biokhim. Mikrobiol.,
2000, voal. 36, no. 1, pp. 80-84.

6. Vojtisek, V. and Jirku, V., Immobilized Cells, Folia
Microbiol., 1983, vol. 28, no. 4, pp. 309-340.

7. Netrusov, A.l., Metabolizm mikroorganizmov (Microbial
Metabolism), Moscow: Maosk. Gos. Univ., 1986, pp. 78-81.

MICROBIOLOGY Vol. 71  No.2 2002



