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Determination of selected xenobiotics with ferrofluid-modified trypsin
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Abstract

Ferrofluid-modified trypsin has been used for the detection and determination of selected xenobiotics that inhibit
trypsin activity. The procedure is useful especially when colored samples or samples containing suspended solid
impurities are to be assayed. Ferrofluid-modified trypsin was inhibited by Ag+ and Pb2+, selected dyes (safranin,
thionin), bacitracin and 4-aminobenzamidine. Enzymes immobilized on magnetic particles can form a basis of new
automated assay procedures for the determination of xenobiotics.

Introduction

Various enzymes can be used to monitor the pres-
ence of inhibitory compounds in various matrices. For
example, acetylcholinesterase is inhibited by various
organophosphate and carbamate insecticides (Huber
1986). This inhibition forms the basis of many assay
procedures used for the detection of these insecticides
in various samples. Heavy metals ions can be deter-
mined using urease (Krawczyk et al. 2000, Preininger
1999) or horseradish peroxidase (Han et al. 2001).
Both free and immobilized enzymes can be used for
this type of assays.

Detection and determination of enzyme inhibitors
may be complicated in situations when colored sam-
ples or samples containing suspended solids are to be
handled. In this case immobilization of enzymes on
magnetic solid supports can be advantageous (Šafařík
& Šafaříková 1997). After interaction of the inhibitors
with the immobilized enzyme the magnetic particles
are captured using an appropriate magnetic separator,
the excess of contaminating compounds and particles
can be washed out and subsequently the remaining
enzyme activity can be determined using the stan-

dard procedure. Additionally, enzymes immobilized
on magnetic particles can form a basis of automated
procedures for xenobiotics determination (Kindervater
et al. 1990).

In order to evaluate the proposed procedure,
trypsin immobilized on fine magnetite particles was
used as a biologically active target structure. The de-
crease of trypsin activity by the tested inhibitors was
evaluated.

Methods

Preparation of magnetic nanoparticles

Magnetite nanoparticles were prepared by co-
precipitation of ferric and ferrous salts with alkaline
solution and subsequent treatment under hydrothermal
conditions. FeSO4 · 7H2O (27.8 g) and FeCl3 · 6H2O
(54 g) were each dissolved in 100 ml double distilled
water, thoroughly mixed and added to 8 M NH4OH
under continuous stirring at room temperature. The
magnetic particles formed were finally dispersed in
alkaline medium (pH 8.9) to form a pH-stabilized
ferrofluid. The amount of magnetic particles in a
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given volume of the solution was estimated by ther-
mogravimetry and by measurements of magnetization
curves using vibrating sample magnetometer (VSM).
The particle size distribution was determined from the
observations using transmission electron microscopy
(TEM).

Immobilization of trypsin

Coupling agent 1-[3-(dimethylamino) propyl]-3-
ethylcarbodiimide hydrochloride (CDI, Sigma) was
used to immobilize trypsin on magnetic nanoparticles
(Koneracká et al. 1999). The reaction mixture contain-
ing trypsin, magnetic particles (ferrofluid) and CDI
(dissolved and suspended in phosphate buffer, pH 7.5)
in the ratio 1:2:2 (by wt) was shaken at room temper-
ature for 24 h. After shaking, samples were placed
on the top of a bar magnet where sedimentation of
magnetic particles occurred within 2 min. Magnetic
particles with immobilized trypsin were washed with
saline. The quantity of non-bound trypsin was esti-
mated in supernatant using the Bradford’s dye binding
assay.

Determination of trypsin activity

Activity of immobilized trypsin was determined spec-
trophotometrically using BAPNA (N-α-benzoyl-L-
arginine-4-nitroanilide) as a substrate. The method of
constant time was used. In the standard procedure
an appropriate amount of magnetic trypsin suspension
(usually 0.2 ml, corresponding to the sedimented vol-
ume 0.1 ml) was pipetted into a test tube and after
magnetic capture (using a test tube magnetic separator
MPC-1 or MPC-6; Dynal, Norway) the free solution
was removed. Then 2 ml Tris/HCl buffer (pH 7.6) and
0.2 ml of BAPNA solution (26 mM in dimethyl sul-
foxide) were added and the mixture was incubated at
30 ◦C for 10 min. The reaction was stopped by the ad-
dition of 0.3 ml 30% (v/v) acetic acid. After magnetic
capture the absorbance of the solution was measured
at 405 nm. One BAPNA unit (1 U) of trypsin activity
was defined as the increase of the absorbance of 0.001
per min at 405 nm under standard conditions.

Determination of trypsin inhibition

The following procedure was used to detect and quan-
tify the presence of trypsin inhibitors in water solu-
tions. Washed suspension of the magnetic particles
with immobilized trypsin (0.2 ml, corresponding to
the sedimented volume 0.1 ml) was mixed with 1 ml

of tested solution. Incubation proceeded under oc-
casional mixing at room temperature for 1 h. Then
magnetic particles were separated from the solution
using a test tube magnetic separator and washed sev-
eral times with distilled water or saline (detection
of organic inhibitors) or with 0.9% NaNO3 solution
(detection of heavy metal ions).

Decrease of trypsin activity after incubation of
trypsin inhibitor containing sample with immobilized
trypsin was determined using the standard procedure
described above. Percentage of inhibition was calcu-
lated using the standard formula:

% of inhibition = (AN − AI) · 100/AN (1)

where AN and AI are the activities of non-inhibited
and inhibited trypsin samples, respectively.

Results and discussion

To verify the applicability of the proposed assay sys-
tem, ferrofluid-modified bovine trypsin was used. This
proteolytic enzyme is inhibited by selected heavy
metal ions (Ag+, Pb2+) and organic compounds
(e.g., 4-aminobenzamidine, bacitracin, safranin and
thionin).

The native magnetic nanoparticles used for the im-
mobilization exhibited lognormal particle size distri-
bution with the following parameters: mean diameter
DTEM = 9.6 nm and standard deviation σTEM = 0.22.
Immobilization of trypsin on these particles was per-
formed using CDI as a coupling agent. Carbodiimide
coupling was done in the one-step process when all
the components were present in the reaction mixture at
the same time (Ezpeleta et al. 1996). Under optimum
conditions, 72% of the added trypsin was immobi-
lized. After trypsin immobilization larger magnetic
complexes were formed; the diameter of majority of
particles ranged between 10 and 60 µm.

Inhibition of immobilized trypsin was monitored
using the batch procedure. Figure 1 shows the de-
pendence of percentage of trypsin inhibition on the
concentration of the inhibiting silver and lead ions. As
can be seen, almost complete trypsin inhibition was
achieved with Ag+ ions at 0.1 M while Pb2+ at 0.1 M
caused 86% inhibition. On the other hand, almost no
trypsin inhibition was observed for the concentrations
of both ions below 10−6 M. The dependence exhibits
a course, which is typical for similar type of assays.

Also selected organic compounds can inhibit the
activity of immobilized trypsin (see Figure 2). These
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Fig. 1. Dependence of the inhibition of the trypsin activity on the
concentration of Ag+ (•) and Pb2+ (◦). The results represent the
mean ± SD from three independent experiments. Magnetic particles
with immobilized trypsin (0.2 ml, corresponding to the sedimented
volume 0.1 ml) were mixed with 1 ml of solution of tested in-
hibitor. After 1 h incubation magnetic particles were separated from
the solution and washed with 0.9% NaNO3 solution. Decrease
of trypsin activity was determined spectrophotometrically using
BAPNA as a substrate and the method of constant time. Percent-
age of inhibition was calculated using the formula: % of inhibition
= (AN −AI )·100/AN (AN and AI – activities of non-inhibited and
inhibited trypsin samples, respectively). The activity of immobilized
trypsin during the assay at 0% inhibition was 45 U.

compounds comprehend both the well-known trypsin
inhibitors and the dyes found to inhibit trypsin ac-
tivity in the preliminary experiments. Detection of
inhibition activity of colored compounds could be per-
formed using photometric procedure thanks to trypsin
immobilized on magnetic carrier. The possibility of
simple washing of the immobilized trypsin due to the
magnetic nature of the carrier is very important.

As can be seen from the results, appropriate en-
zymes immobilized on magnetic carriers could be
used for monitoring of selected xenobiotics acting as
enzyme inhibitors. Immobilization on magnetic carri-
ers is advantageous due to the fact that the reaction can
be performed also in the presence of suspended solid
and colored compounds, which could otherwise cause
problems in standard photometric assays. This type of
assays based on the application of specific enzymes
immobilized on magnetic carriers could be also used
(due to its simplicity) for field measurements. On the
other hand, automated assay systems employing mag-
netic separation process could be developed. Selection
of enzymes used for this type of assay will depend
on the type of the analyzed compounds and on the
sensitivity of the enzyme against these inhibitors. It
should be also pointed out that suitable immobilized

Fig. 2. Dependence of the inhibition of the trypsin activity on the
concentration of different inhibitors. Thionin (•), 4-aminobenza-
midin (	), safranin (◦), bacitracin (�). The results represent the
mean ± SD from three independent experiments. Magnetic particles
with immobilized trypsin (0.2 ml, corresponding to the sedimented
volume 0.1 ml) were mixed with 1 ml of solution of tested in-
hibitor. After 1 h incubation magnetic particles were separated from
the solution and washed with distilled water or saline. Decrease
of trypsin activity was determined spectrophotometrically using
BAPNA as a substrate and the method of constant time. Percent-
age of inhibition was calculated using the formula: % of inhibition
= (AN −AI )·100/AN (AN and AI – activities of non-inhibited and
inhibited trypsin samples, respectively). The activity of immobilized
trypsin during the assay at 0% inhibition was 35 U.

enzymes could be also used for the detection of target
ions, which are acting as enzyme activators.
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