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Abstract A novel end-point fluorimetric procedure based on the use of rhodamine-110-
labeled specific substrate was developed to determine trypsin activities in biological
samples. We evaluated the ability of trichloroacetic acid and acetic acid to stop the
enzymatic reaction without hindering the detection of the fluorescence of rhodamine-110
released into the reaction mixture from the specific substrate (CBZ-L-alanyl-L-arginine)2-
rhodamine-110. Trichloroacetic acid decreased markedly the fluorescence of rhodamine-
110, even at low concentrations. On the other hand, the addition of 50 mmol/l acetic acid
inactivated efficiently trypsin activity, causing minor effects on rhodamine-110 fluores-
cence. The proposed procedure was more sensitive than the spectrophotometric end-point
method using N-α-benzoyl-DL-arginine-p-nitroanilide as substrate. The possibility of
carrying out end-point fluorimetric assays improves the performance of monocell
fluorimeters by setting specific conditions optimal for each enzyme activity independently
of the fluorimeter. This method also allows replicate assays to be conducted simultaneously,
resulting in considerable time saving and in increased performance of low-cost equipment.
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Introduction

A wide variety of procedures have been developed to quantify the amount of proteolytic
activity existing in biological samples, most of them based on spectrophotometric
measurements of the products released from substrate proteins [1–5] and specific synthetic
substrates [6–10]. However, spectrophotometric procedures are frequently not satisfactory,
either because they cannot be used with crude tissue homogenates due to interferences in
absorbance or because weak proteolytic activity is present in samples. Fluorimetric methods
are then feasible alternatives to overcome such limitations because fluorogen-labeled
substrates link specificity and sensitivity in a very convenient manner. Therefore, they are
widely used in proteolytic assays [11–17]. Different models of fluorimeters are
commercially available, from multi-sample to monocell apparatus; the latter ones, despite
their lower cost, show several limitations such as (a) difficulties in keeping optimal reaction
parameters required for enzyme activity and (b) only one measurement at a time can be
carried out, this being time consuming when multiple samples are analyzed.

Most of fluorimetric procedures described for the quantification of protease activities are
based on continuous monitoring of the reaction and further calculation of kinetic
parameters. The replicates must be carried out one at a time if multi-plate fluorimeters
are not available, becoming a time-consuming process and increasing the likelihood of
experimental errors. However, in those studies in which the kinetic parameters of the
enzyme reaction are not required, but only a final quantification is required, end-point
procedures would be preferred. In this sense, a wide amount of end-point colorimetric
procedures are available, but this contrasts with the lack of similar procedures based on
fluorescent substrates.

Therefore, this work addresses the possibility of developing a simplified end-point
fluorimetric assay for the detection and quantification of low amounts of trypsin activity.
Efforts are focused to the identification of an agent that (1) is effective in stopping protease
activity, (2) exerts minimal negative effects on the fluorescence of rhodamine-110 (Rho-
110) released from a specific fluorimetric substrate, and (3) allows sensitive quantification
of protease activity.

Experimental

Reagents

Two specific substrates for trypsin activity were used: N-α-benzoyl-DL-arginine-p-nitro-
anilide (BAPNA), a colorimetric substrate purchased from Sigma Chem. Co. (St Louis,
MO, USA), and the bis-peptide Rho-110 derivative (CBZ-Ala-Arg)2-rhodamine-110, a
fluorogenic substrate obtained from Molecular Probes, Inc. (Eugene, OR, USA). Trypsin
from porcine pancreas (EC 3.4.21.4, Type IX, activity—14,900 units/mg protein) was used
as commercial enzyme source (Sigma Chem. Co.).

Fluorimetric Trypsin Assay

The fluorimetric assay for trypsin activity was carried out as follows: 10 μl of trypsin dilutions
ranging from 1 mg/ml to 1 pg/ml was mixed with 1.5 ml of borate–phosphate–citrate buffer
(BPC buffer; 5.7 mmol/ml sodium tetraborate, 20 mmol/l disodium hydrogen phosphate,
13 mmol/l sodium citrate), pH 8.0, containing 1 μmol/l (CBZ-Ala-Arg)2-rhodamine-110 as
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substrate. The reaction mixture was incubated for 1 h at 37 °C in a thermostatic water bath, and
the fluorescence of the products released during the enzymatic reaction was measured using a
monocell Versafluor™ fluorimeter (BioRad, Richmond, CA, USA) at 498 nm excitation and
521 nm emission wavelengths, according to the recommendations of the substrate
manufacturer [18]. Blanks without enzyme were run simultaneously. Linearity of the
proteolytic activity was previously confirmed against enzyme concentration and time. All the
assays were performed at least in triplicate.

Effects of Trichloroacetic Acid and Acetic Acid on Fluorescence

Trichloroacetic acid (TCA) and acetic acid are reagents normally used with the purpose of
inactivating protease activity in spectrophotometric assays [1–3, 5, 6, 8]. In order to assess
the effect of these substances on the fluorescence of the products released in the reaction
mixture, sufficient amount of Rho-110 from the Rho-110-labeled substrate was released by
mixing 1.5 ml of BPC buffer, pH 8.0, 2.5 μl of 0.3 mmol/l trypsin fluorogenic substrate,
and 5 μl of aqueous trypsin solution (1 mg/ml). The mixture was incubated at 37 °C until
the substrate was completely hydrolyzed (fluorescence lecture did not increase any more,
about 20 min). Aliquots were made, and then acetic acid and TCA were added in order to
reach final concentrations of 1, 25, 50, 100, 250, 500, and 1,000 mmol/ml, keeping constant
volumes. The solutions were vortexed and allowed to stand for 10 min, and then the
remaining fluorescence (relative fluorescence units (RFU)) was measured. Results were
expressed as percentage, considering 100% the fluorescence measured in the mixtures in
which distilled water was added instead of acetic acid or TCA solutions.

Concentration of Acetic Acid Needed to Inactivate Enzyme Activity

A reaction mixture containing 5 μl of trypsin solution (1 mg/ml), 1.5 ml of BPC buffer,
pH 8.0, and 0.1 mmol/ml Rho-110 derivative substrate was incubated at 37 °C. After 5 min,
different amounts of acetic acid were added to the replicates, reaching final concentrations
ranging from 10−3 to 1 mol/l. Values of RFU were recorded immediately after acetic acid
was added (this point was considered fluorescence at time 0), and the incubation was
further continued under the identical conditions for 1 h. Fluorescence was measured again
after 15, 30, 45, and 60 min in order to assess if the reaction was completely stopped
(fluorescence did not increase compared to that measured immediately after the addition of
acetic acid). TCA was not assayed due to its marked negative effect on the fluorescence of
Rho-110 resulting from the previous experiment.

Sensitivity

Given that the main advantage of fluorimetric procedures compared to colorimetric assays is
their much higher sensitivity, trypsin activity was also measured according to the
spectrophotometric procedure described by Erlanger et al. [6] in order to compare the
proposed end-point fluorimetric assay against the colorimetric method. Trypsin dilutions
ranging from 1 mg/ml to 1 pg/ml were used; 10 μl of each dilution was added to 1.5 ml of
1 mmol/l BAPNA prepared in BPC buffer, pH 8.0 (final enzyme amounts ranging from 10 μg
to 0.01 pg per tube). The reaction mixture was incubated (60 min, 37 °C) in a thermostatically
controlled water bath and then stopped by adding 0.2 ml of 30% (v/v) acetic acid. The amount
of p-nitroanilide released was measured spectrophotometrically at 410 nm. Blanks without
enzyme were run simultaneously. All the assays were carried out at least in triplicate.
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Statistical Analysis

Data were analyzed by one-way ANOVA followed by a comparison of means (Tukey’s
test). Because values were expressed as percentage, they were normalized using the arc sine
transformation of their square root [19] prior to statistical analysis. All statistics were
conducted using the Statgraphics Plus 4.0 specific software (Statistical Graphics Corp.,
Rockville, MA, USA).

Results and Discussion

Effects of TCA and Acetic Acid on Rhodamine-110 Fluorescence

The effects of increasing amounts of both reagents on the fluorescence of Rho-110 released
from (CBZ-Ala-Arg)2-rhodamine-110-specific substrate are shown in Fig. 1. It is significant
that TCA decreased fluorescence in a higher extent than acetic acid, independently of the
concentration considered. Fluorescence dropped 11.9% when 25 mmol/l TCA was added.
In contrast, acetic acid caused only 1.1% decrease at such concentration. At the highest
concentration assayed (1 mol/l), acetic acid and TCA were responsible for 12.2% and
37.6% decrease in RFU, respectively. Differences between the effects caused by both
substances were significant (P<0.001) at any concentration assayed.

The proposed end-point procedure is based on two premises: (1) the need of a substance
that effectively inactive the enzymes present in the reaction mixture and (2) the minimum
decline in Rho-110 fluorescence released from the substrate due to such substance. For a
given amount of substrate and enzyme activity, the smaller the RFU value, the lower the
sensitivity of the method. This might lead to under-estimation of trypsin activity existing in
samples. The results found here indicate that TCA is an unsuitable reagent for such
purpose; in contrast, acetic acid seems to meet the requirements related to low effect on
Rho-110 fluorescence.
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Concentration of Acetic Acid Required to Stop the Enzyme Reaction

In view of the fact that acetic acid affected the fluorescence of the reaction mixture in a
lesser extent than TCA, the next stage was the assessment of the concentration needed to
effectively stop the activity of the commercial trypsin. Under that perspective, increasing
amounts of acetic acid were added to reaction mixtures containing a given amount of
trypsin, as explained in the “Experimental” section, and the results obtained are shown in
Fig. 2. Concentrations below 0.1 mol/l acetic acid were not able to inactivate trypsin
activity, as evidenced by the continuous increase in fluorescence the next hour after acetic
acid was added to the reaction mixture (differences in fluorescence between time 0 and
60 min were significant, P<0.05). The enzyme activity was completely inactivated when
concentrations over 0.25 mol/l were used since no significant (P<0.001) residual increasing
of RFU was observed after 60 min. According to these results, 0.5 mol/l acetic acid was
considered the concentration effective in order to stop enzyme activity of commercial
trypsin.

The convenience of an end-point fluorimetric procedure has been broached above;
however, this approach has being fulfilled in literature only by the design of an end-point
assay in which specific protease inhibitors were added to stop the reactions [20].
Nevertheless, the main limitation is that specific inhibitors are not commercially available
for all the enzyme activities susceptible of using rhodamine-110-based substrates. Thus, the
possibility of using an unspecific inactivating agent, as acetic acid, represents a clear
advantage.

Sensitivity of the Procedure

Although the effect of acetic acid on Rho-110 fluorescence was lower than that observed
for TCA (Fig. 1), nevertheless, a certain amount of fluorescence (9.2%) was lost when
0.5 mol/l acetic acid was added (Fig. 1). Thus, reasonable doubts appeared concerning the
sensitivity of the proposed fluorimetric procedure compared to the colorimetric assay for
trypsin (based on p-nitroanilide-labeled substrates; Erlanger et al. [6]). The contrast of both
procedures was carried out according to the procedures already described in the
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“Experimental” section, and the results are shown in Fig. 3. The detection limit of the
spectrophotometric procedure under the conditions assayed here was approximately 100 ng
of trypsin. On the other hand, the minimum amount of trypsin noticeable by the fluorimetric
procedure was 10 pg of enzyme (sensitivity 104-fold higher in relative terms). In absolute
terms, a variation of 5 ng in trypsin concentration caused a change of 0.005 in Abs 410 nm
(due to p-nitroanilide released from BAPNA), whereas identical amount of enzyme
increased fluorescence by 117.6×103 RFU (due to Rho-110 released from (CBZ-Ala-Arg)2-
rhodamine-110). Thus, even assuming that acetic acid decreased fluorescence of Rho-110
to a certain extent at the concentration that effectively inactivated trypsin (9.2% with
0.5 mol/l, Fig. 2), the sensitivity of the proposed end-point procedure is definitely kept
much higher than the colorimetric end-point assay.
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Conclusion

The measurement of kinetic parameters in continuous reactions is necessary to characterize
the catalytic activity of proteases. However, when the aim of a given study is merely the
quantification of total amounts of enzyme activity existing in biological samples, the
assessment of kinetic parameters in continuous assays is time consuming, especially when
monocell fluorimeters are used, and then end-point methods are desirable. Moreover,
monocell fluorimeters usually do not allow an accurate control of the reaction parameters
affecting the enzyme catalysis, this leading to poor replication. The proposed end-point
procedure overcomes such limitation, allowing the enzyme reaction to be carried out in an
external bath of incubator, fulfilling the specific requirements optimal for each protease
activity. Hence, multiple replications can be performed simultaneously, this resulting in
considerable time saving and increased performance of low-cost equipment.

The effect of acetic acid was tested on Rho-110 fluorescence released into the reaction
mixture, instead than on the trypsin-specific substrate itself. This means that the procedure
proposed can likely be extended to any enzyme activity in which measurement is based on
the use of Rho-110-labeled substrates and not merely to trypsin activity. The unspecific
inactivation caused by acetic acid, together with the slight effects on fluorescence due to
Rho-110, suggests the possibility of a wider use of the proposed procedure.
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