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DEGRADATIVE ASSAYS

The least appreciated types of FP assays are the degradative assays. In these assays, a large
fluorescent substrate is acted upon by an enzyme that cleaves the substrate into smaller
fragments. The substrate is large and therefore has a high polarization value while the
fragments necessarily have lower polarization values.

In classic FP receptor:ligand binding assays, the labeled tracer has only two polarization
states: free or bound. The observed polarization value is a weighted average of these two
extremes.In degradative assays, this is not the case.Generally, unless the enzyme has a very
specific cleavage activity, the large substrate will be cleaved into a complicated mixture of
small fluorescent and non-fluorescent fragments. The curve of polarization versus enzyme
concentration represents the weighted average of possibly dozens of fluorescent fragments.

The key advantage of FP degradative assays is the same as for binding assays: there is no
need to separate the degraded from undegraded substrate. For instance, in the classic pro-
tease assay using fluoresceinated casein as the substrate, the enzyme activity is determined
by separating the undigested substrate, which can be precipitated with  trichloroacetic acid
(TCA), from the smaller casein fragments, which cannot be precipitated with TCA.This pre-
cipitation step is unnecessary in FP assays. Another advantage of the FP assay is that
enzyme activity can be followed in real-time with the proper instrumentation.

While proteases are the most widely considered FP can follow, in theory, many other
degradative enzymes. In this chapter, we will show examples of degradative FP assays
with proteases, DNases, RNases, and amylases, but other types of enzymes can be for-
matted for FP assays as well.

Degradative FP assays can also be designed with very small substrates. In our original
paper on the design of a fluorescent casein FP protease assay (Bolger and Checovich,
1994), we postulated about using biotin and fluorescein at opposite ends of the cleavage
site on a small peptide. Upon completion of the assay, avidin is added to the reaction mix-
ture, raising the molecular weight of the intact substrate (the avidin will also bind to the
cleaved biotin labeled fragment, but this is invisible to FP). The observed polarization
value will be a weighted average of the intact fluorescein-peptide-biotin-avidin substrate
and the fluorescein-peptide cleaved fragment. Subsequently, Levine and colleagues put
this suggestion to practice (Levine et al., 1997).

• Bolger, R.E. and Checovich, W.C.
(1994) BioTechniques 17:585-9.

• Levine et al. (1997) Anal. Biochem.
247:83-88.
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A SENSITIVE PROTEASE ASSAY USING THE BEACON®
PROTEASE ACTIVITY DETECTION KIT

Note: Some of the information in this section also appears as an application note
(Bolger and Checovich, 1994) in BioTechniques, entitled “A New Protease Activity
Assay Using Fluorescence Polarization.”It is reprinted here with permission from the
publisher

Introduction

Scientists in research and quality assurance laboratories often need to verify the activity
of specific proteases, or detect protease contamination in finished products.
Unfortunately, many commonly used assays either:

1. Require time to develop and are tedious.

2. Do not have the required sensitivity (e.g., casein-gel method or casein-A280 assay).

3. Require radioactive substrates.

These deficiencies in currently available assays sometimes preclude the testing of sam-
ples. Protease assays using a variety of fluorescently labeled substrates have been in use
for many years DeLumen and Tappel, 1970; Pappenhagen et al., 1962; Spencer et al., 1975;
Sogawa and Takahasi, 1978; Wiesner and Troll, 1982). Twining (1984) refined and extend-
ed these assays and suggested using fluorescein thiocarbamoyl-casein (FTC-casein) as
the substrate. In this assay, proteases cleave intact FTC-casein to smaller, TCA soluble,
FTC-casein peptides. After separation of the intact casein from the cleaved peptides by
differential precipitation with TCA, the amount of cleaved peptide in the supernatant is
quantified with a fluorometer. The intensity of soluble casein peptides, and thus their
release, is directly proportional to protease activity. FTC-casein is an excellent soluble and
stable substrate for most protease assays. FTC-casein also has none of the waste disposal
and health hazard problems associated with radioactivity. Twining (1984) estimated that
the FTC-casein assay, (i.e., measuring FTC-peptides using fluorescence), is several orders
of magnitude more sensitive than the measurement of cleaved casein peptides at A280.

Protease assays using fluorescence polarization can potentially be more sensitive than the
Twining method described above. Advantages of FP over other methods include:

1. Single-phase, homogeneous, reaction mixture

2. Measurements taken in real time

3. No need for manipulations, separations, or transfers of the reaction mixture.

FP protease assays (illustrated in Figure 5-1) have been described using FTC-casein as a
substrate (Maeda, 1979; Spencer et al., 1973). In the absence of proteases, the fluorescein
molecules emit light that is highly polarized, primarily due to the size of the casein mole-
cule to which they are bound. As the FTC-casein molecules are hydrolyzed to smaller,
faster rotating, fluorescein-peptides, the emitted light is less polarized and the fluores-
cence polarization value decreases.
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In the present studies, we compared the sensitivity of the FP-based assay to a fluorescence
intensity-based assay (Table 5-1). PanVera®’s Beacon® Protease Activity Detection Kit
(PanVera® Part No. 2010) and Protease Activity Detection Kit (PanVera® Part No. 2006)
were used for these experiments. The FP-based assay proved to have several advantages,
including greater sensitivity than the non-FP assay, and required fewer manipulations
than TCA precipitation and separation of undigested casein.
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Table 5-1. Protease Detection Limits for the FP-Based Assay and TCA-
Based Assay. The detection limit for the "TCA Assay" is defined as the
amount of enzyme required to give A492 = 0.020. Numbers in the "FP Assay"
column represent the detection limit for the various enzymes, where the
detection limit is defined as the amount of enzyme required to cause a 20%
change in the fluorescence polarization.

Enzyme Source
Enzyme
Class

TCA
Assay

FP
Assay Unit definition

Kallikrein, human plasma
Serine

Protease 0.005 0.0004

1 Unit will hydrolyze 1.0 µmole of N-alpha-
benzoyl-L-arginine ethyl ester (BAEE) to N-
alpha-benzoyl-arginine and ethanol per
minute at pH 8.7 at 25˚C.

Trypsin, bovine pancreas
Serine

Protease 0.18 0.024

1 Unit produces a change in A253 = 0.001 per
minute with BAEE as substrate at pH 7.6 at
25˚C.

Thrombin, bovine plasma
Serine

Protease 4.0 0.23
NIH units

Plasmin, human plasma
Serine

Protease 0.002 0.00007

1 Unit produces a change in A275 of 1.0 in 2 0
minutes at pH 7.5 at 37˚C when measuring
perchloric aci d soluble products from α-
casein in a final volume of 5.0 mL.

Elastase, Type IV, porcine
pancreas

Serine
Protease 0.009 0.0011

1 Unit will solubilize 1 mg of elastin in 2 0
minutes at pH 8.8 at 37˚C.

Chymotrypsin, Type II,
bovine pancreas

Serine
Protease 0.01 1.8 × 10 -8

1 Unit will hydrolyze 1.0 µmole of N-benzoyl-
L-tyrosine ethyl ester (BTEE) per minute at
pH 7.8 at 25˚C.

Papain, Papaya Latex
Sulfhydryl

Protease 0.018 5.1 × 10 -6

1 Unit will hydrolyze 1.0 µmole of N-alpha-
benzoyl-L-arginine ethyl ester (BAEE) per
minute at pH 6.2 at 25˚C.

Cathepsin B, bovine spleen
Sulfhydryl

Protease 0.04 0.0017

1 Unit will hydrolyze 1 µmole of N-alpha-
CBZ-lysine p-nitrophenyl ester per minute at
pH 5.0 at 25˚C.

Thermolysin, Bacillus
Thermoproteolyticus rokko

Acid
Protease 0.006 0.003

1 Unit will hydrolyze casein to produce color
equivalent to 1.0 µmole of tyrosine (181 µg)
per minute at pH 7.5 at 37˚C.

Pepsin, porcine stomach
mucosa

Acid
Protease 1.3 0.11

1 Unit will produce a change in A280 of 0.001
per minute at pH 2.0 at 37˚C, measured as
TCA-soluble products using hemoglobin as
substrate. Final volume = 16 mL.

Pronase E, Streptomyces
griseus -- 0.00012 7.1 × 10 -6

1 Unit will hydrolyze casein to produce color
equivalent to 1.0 µmole (181 µg) of tyrosine
per minute at pH 7.5 at 37˚C.

Protease
Reaction

High Polarization Low Polarization

Intact,
labeled protein

Labeled
Peptides

Protease
Reaction

Figure 5-1. Protease Assay
Theory. In the absence of protease,
the labeled protein substrate emits
light that is emitted is highly polarized
(due to the size of the casein mole-
cule). As the substrate molecules are
hydrolyzed to smaller, faster rotating,
labeled peptides, the emitted light is
less polarized and the fluorescence
polarization value decreases.



Methods

Protease activity, according to method of Twining (1984), was determined using the
Protease Activity Detection Kit (PanVera® Part No. P2006). All enzymes tested (Sigma
Chemical Co., St. Louis, MO) were diluted to a final volume of 100 µL and mixed with
50 µL Incubation Buffer (0.2 M Tris-HCl, pH 7.8, 20 mM CaCl2). Enzymes with an optimal
pH of 5.0, 6.2, or 8.8, used a buffer of the appropriate pH (Table 5-1). 50 µL of FTC-casein
substrate was added, and the reaction mixture was incubated for 1 hour at 37˚C.
Trichloroacetic acid was added to stop the reaction and to precipitate uncleaved FTC-
casein. The mixture was incubated for 10 minutes at 37˚C and then centrifuged to pellet
the precipitate. The supernatant was transferred to a second tube containing Assay Buffer
(0.5 M Tris-HCl, pH 8.8). The amount of FTC-peptide in the supernatant was quantified
at A492 on a spectrophotometer (Milton Roy, model 1201). The assay is two-to four-fold
more sensitive if FTC-peptides are measured using a fluorometer (data not shown), as
Twining (1984) did in her original paper.

Fluorescence polarization-based protease assays were performed using the Beacon®
Protease Activity Detection Kit (PanVera® Part No. P2010). All enzymes (Sigma Chemical
Co., St. Louis, MO) were diluted into a 1 mL volume in 12 x 75 mm disposable borosilicate
test-tubes (PanVera® Part No. P2182) at their optimum pH: kallikrein, elastase in 10 mM
Tris-HCl (pH 8.8); trypsin, thrombin, plasmin, chymotrypsin, thermolysin, and pronase
in 10 mM Tris-HCl (pH 7.8); papain in 10 mM Tris-HCl (pH 6.2); cathepsin B in 10 mM
sodium acetate, 4 mM EDTA, 5 mM cysteine (pH 5.2); pepsin in 10 mM HCl (pH 2.0). The
assays were started by the addition of 5 pmoles FTC-casein and were incubated at 37˚C in
a water bath. After 1 hour, the reaction tubes were brought to pH 8.8 by the addition of
200 µL 0.5 M Tris-HCl (pH 8.8). The test tube surfaces were dried by wiping. Changes in
fluorescence polarization between each protease sample and a reagent blank were read on
a Beacon® 2000 Fluorescence Polarization Instrument (PanVera® Part No. P2300) with
excitation at 488 nm and emission at 520 nm.

Results and Discussion

Our experiments showed that the non-FP Protease Activity Detection Kit, using FTC-casein
as a substrate,provided a sensitive measure of trypsin activity (Figure 5-2).FTC-casein was
a suitable substrate for the enzymes tested (Table 5-1): serine proteases (trypsin, thrombin,
plasmin, subtilisin, chymotrypsin, elastase, kallikrein), sulfhydryl proteases (papain,
cathepsin B), acid proteases (thermolysin, pepsin), and pronase. The sensitivity of the TCA-
based assay was greater than the reported sensitivities of either the casein-gel assay or
casein-A280 assay. Assay sensitivity could be increased approximately 35-fold by increasing
the incubation time from 1 hour to overnight (the actual increase in sensitivity depends
upon the stability of the protease to auto-cleavage and thermal breakdown).
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While the TCA-based assay is more sensitive than other nonfluorescent protease assays, it
requires a centrifugation and two transfer steps. The Beacon® Protease Activity Detection
Kit, on the other hand, not only avoided these steps, but it is also more sensitive than the
TCA-based protease assay. The activity isotherm of log trypsin activity versus FP value is
shown in Figure 5-3.

The polarization value of FTC-casein at 37˚C in the absence of trypsin was 233 mP. The
activity curve was linear for trypsin concentrations from 10 ng/mL (210 mP) to 640
ng/mL (83 mP). The degradation of FTC-casein was also followed over time (Figure 5-4).
The autohydrolysis of FTC-casein over 30 minutes was minimal (approximately 10 mP).
With the addition of 100 ng or 200 ng of trypsin, the majority of substrate degradation
occurred within the first 10 minutes, after which the reaction slowed considerably. After
one hour, further changes in polarization values with time were minimal (data not
shown).
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Figure 5-3. Trypsin Concen-
tration vs. mP. Trypsin (Type XI)
activity using FTC-casein as a sub-
strate was determined using the
Beacon® Protease Activity Detection
Kit (PanVera® Part No. P2010) as
described in Methods. The data
points and error bars represent the
mean and standard deviation of
quadruplicate reactions, respectively.
The “best fit” line was obtained by
least squares regression analysis.
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Figure 5-2. Trypsin Concen-
tration vs. A492. Trypsin (Type XI)
activity using FTC-casein as a sub-
strate was determined using a
Protease Activity Detection Kit
(PanVera® Part No. P2006). Specific
activity: 6.6 BAEE units/µg protein.
The data points and error bars repre-
sent the average and range of dupli-
cate reactions, respectively.
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FTC-casein was a suitable substrate for the eleven common proteases tested (Table 5-1):
serine proteases (trypsin, thrombin, plasmin, elastase, chymotrypsin, kallikrein), sulfhydryl
proteases (papain, cathepsin B), acid proteases (thermolysin, pepsin), and pronase. The FP
protease assay was at least two-fold more sensitive (in the case of thermolysin) and as much
as 106 times more sensitive (in the case of chymotrypsin) than the TCA-based manual assay.
When using a spectrophotometer for detection, the FP assay will increase sensitivity 2-to-
20 fold compared to the TCA-based manual assay. Therefore, when using a fluorometer, the
sensitivity of the FP-based protease assay is on the order of the TCA-based manual protease
assay.The advantages of the FP assay are that real-time kinetic assays can be performed,and
that no additional manipulations of the reaction mixture are required.

We speculate that the increase in sensitivity for papain and chymotrypsin may be due to
exopeptidase contamination in these enzyme preparations.Exopeptidase activity will result in
the formation of very small fluoresceinated peptides that rotate very quickly. The preferential
formation of artifact fluorescent peptides with very low polarization values will increase the
apparent sensitivity of the assay. Indeed, the increase in sensitivity for samples such as these
may be used as an indicator of contaminating exopeptidase activity.

The FP protease assay can also be used with small synthetic enzyme substrates instead of
FTC-casein. The substrate is synthesized with both fluorescein and biotin labels. The size of
the uncleaved substrate, and therefore its polarization value, is increased by complexing
with Strepavidin (the cleaved peptide containing the fluorescein will not complex). The
greater the fraction of uncleaved substrate that remains, the greater the final polarization
value (Levine et al., 1997). Fluorescent substrates are not limited to small peptides and
casein. Indeed, virtually any protein can be labeled with fluorescein and used as substrate
for a specific enzyme. For instance, fibronectin and laminin are excellent substrates for
extracellular matrix proteases. The labeling reaction must be carried out under careful con-
ditions to ensure that the labeled substrate is stable and has a high polarization value.

Acknowledgment
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Figure 5-4. Time Course of
FTC-Casein Digestion with
Trypsin. Trypsin was added to 1 mL
0.1 M Tris-HCl (pH 8.1). The reaction
was started by addition of 5 pmoles
FTC-casein. The fluorescence polar-
ization was measured every 13 sec-
onds.
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A QUANTITATIVE RNASE ASSAY USING THE BEACON® RNASE
ACTIVITY DETECTION KIT (U.S. PATENT NO. 5,786,139)

Note: Parts of this section also appear as an application note in American
Biotechnology Laboratory (September, 1994), entitled “A Quantitative RNase Assay
Using Fluorescence Polarization.” It is reprinted here with permission from the
publisher.

Introduction

Sources of RNase contamination are typically difficult to identify, and as a result,
researchers are often faced with throwing out reagent stocks. Autoclaving reagents and
glassware is not a guarantee that RNases have been destroyed. Purified proteins often con-
tain trace amounts of RNase, which could wreak havoc if used in an experiment involv-
ing RNA. Fluorescence polarization-based RNase Activity Detection assays are more sen-
sitive than most current assays, and require no precipitation or manipulation of the reac-
tion mixture. The general reaction scheme is illustrated in Figure 5-5:

Fluorescein-labeled RNA (F-RNA) is incubated with an RNase sample in assay buffer.
RNase activity in the sample cleaves F-RNA to smaller F-oligos and F-nucleotides. The
drop in polarization in the reaction tube is proportional to the total RNase activity in the
sample. The following experiments using PanVera®’s Beacon® RNase Activity Detection
Kit (PanVera® Part No. P2115) show that the assay was able to detect 1 pg of RNase A, a
detection limit comparable to conventional gel-based and radioactive RNA degradation
assays.

Materials and Methods

End-point and kinetic RNase activity assays were performed using the Beacon® RNase
Activity Detection Kit (PanVera® Part No. P2115). RNase A (Sigma Chemical Co., St.
Louis, MO) was diluted into a 100 µL volume of 25 mM Tris-HCl (pH 7.8), 5 mM MgCl2 in
RNase free (DEPC-treated) water. The assays were started by addition of 25 ng fluores-
cein-labeled RNA (F-RNA; 900 bp). Reactions were incubated at 37˚C for 1 hour in a water
bath, and were quenched by adding a 50 µL aliquot of each reaction mixture to a tube con-
taining 1.1 mL of 78 mM Tris-HCl (pH 8.0), 0.124% SDS. The fluorescence polarization
value in each reaction was measured on the Beacon® Analyzer. Kinetic RNase assays were
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RNase
Reaction

High Polarization Low Polarization

Fluorescein-labeled
RNA

Fluorescein-labeled
nucleotides and oligos

RNase
Reaction

Figure 5-5. RNase Assay
Diagram. Fluorescein-labeled RNA
(high polarization value) is incubated
with an RNase in buffer. RNase activi-
ty in the sample cleaves the labeled
RNA into smaller labeled oligos and
labeled nucleotides. The drop in
polarization in each sample is propor-
tional to the total RNase activity in the
sample.



performed by adding 25 ng F-RNA to 1.1 mL of 25 mM Tris-HCl (pH 7.8), 5 mM MgCl2.
Various amounts of RNase A (0.5 - 20 ng) were added to the reaction tube and the fluo-
rescence polarization was measured every 13 seconds for 20 minutes on a Beacon®
Analyzer.

Results and Discussion

Most RNase assays are based on either gel electrophoresis or TCA-precipitation. For
instance, gel-based assays show increases in mobility of the labeled RNA upon degrada-
tion, and require researchers to qualitatively assess what fraction of the substrate has
been degraded. TCA-based RNase assays involve the separation of intact, labeled RNA
from degraded nucleotides and small oligonucleotides; intact RNA precipitates in the
presence of TCA. RNase activity is directly related to the amount of label that remains in
the supernatant. This assay requires separation steps and may miss activity if a substrate
molecule is cleaved at one or several sites, but still precipitates in TCA.

The Beacon® FP-based RNase Activity Detection Kit is rapid and sensitive, and has been
used to quantitate purified RNase A in addition to detecting RNase contamination in
other purified proteins and biological samples. Figure 5-6 shows a standard curve gener-
ated using RNase A over a concentration range of 0.5 pg to 500 pg. The standard curve,
remained linear over almost 3-logs (1000-fold) of RNase A concentration.

Figure 5-6. Standard Curve
of RNase A Activity. Increasing
concentrations of RNase A were incu-
bated with 25 ng fluorescein-labeled
RNA for 1 hour at 37˚C in a set of
100 µL reactions. Reactions were
quenched by adding 50 µL of each
reaction to 1.1 mL 78 mM Tris-HCl
(pH 8.0), 0.124% SDS. Polarization
values were measured on a Beacon®
Analyzer.
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A QUANTITATIVE DNASE ASSAY USING THE BEACON®
DNASE ACTIVITY DETECTION KIT (PATENT PENDING)

Introduction

There are currently several disadvantages to the commonly used DNase assays including
lack of sensitivity, difficulty in quantitation, and the requirement of radioactive sub-
strates. FP-based DNase assays are similar to the RNase assays discussed previously sec-
tion, also avoiding the historical drawbacks listed earlier. The principle of this assay is
illustrated in Figure 5-7:

Briefly, the sample is incubated with a fluorescein-labeled DNA substrate (F-DNA). DNase
activity cleaves F-DNA into smaller F-oligos and F-nucleotides. The drop in polarization
is proportional to the total DNase activity in the sample. The substrate provided in the
PanVera® Beacon® DNase Activity Detection Kit (PanVera® Part No. P2012) is a 25 base-
pair, double-stranded, 5' fluorescein-labeled DNA. It has been specially designed to have
a maximum change in fluorescence polarization from the intact substrate to the fully
degraded product. Measurements can be taken in real-time enabling the user to follow the
progress of the reaction kinetically.We will demonstrate that the assay is sensitive to both
endonuclease and exonuclease degradation.

Materials and Methods

End-point DNase activity assays were performed using the Beacon® DNase Activity
Detection Kit (PanVera® Part No. P2012). DNase I was obtained from Sigma Chemical
Company (St. Louis, MO), and Exonuclease III from New England BioLabs (Beverly, MA).
Various concentrations of the two enzymes were diluted into a 40 µL volume of 25 mM
Tris-HCl (pH 7.8), 5 mM MgCl2 , 0.05% Triton® X-100 in DNase free water. The assays
were started by addition of 3 ng fluorescein-labeled DNA in 10 µL DNase Assay Buffer.
Reactions were incubated at 37˚C for 1 hour in a water bath, and reactions were quenched
by adding each 50 µL reaction mixture to a tube containing 1 mL of 100 mM Tris-HCl
(pH 8.0), 5 mM MgCl2, 0.5% SDS. Fluorescence polarization values of each reaction was
measured on the Beacon® Analyzer.
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DNase
Reaction

High Polarization Low Polarization

Fluorescein-labeled
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Fluorescein-labeled
nucleotides and oligos
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Figure 5-7. DNase Activity
Detection by FP. The DNase sam-
ple is incubated with a fluorescein-
labeled DNA substrate (F-DNA; high
polarization value). DNase activity
cleaves F-DNA into smaller F-oligos
and F-nucleotides (low polarization
value). The change in polarization is
proportional to the total DNase activi-
ty in the sample.



Results and Discussion

The same limitations ascribed to gel-based and TCA-based RNase assays, namely incom-
plete TCA precipitation and the requirement for separation steps are common to most
DNase assays. We used the FP-based Beacon® DNase Activity Detection Kit to quantitate
purified DNase I and Exonuclease III, and to detect DNase contamination in other puri-
fied proteins and biological samples. Figure 5-8 shows two standard curves generated
using a concentration range of 20 pg to 100 ng DNase I and 0.002 to 2 units Exonuclease
III. The standard curves were linear over almost a hundred-fold concentration range. This
assay was able to detect 0.2 ng of DNase I and 0.1 units of Exonuclease III. This sensitiv-
ity is comparable to conventional gel-based and radioactive DNA degradation assays
without the excessive time and labor inconveniences. The F-DNA substrate is suitable for
both endonucleases such as DNase I and exonucleases such as Exonuclease III.

Figure 5-8. Standard Curve
of DNase I (A) and Exonucle-
ase III (B) Activities. Increasing
concentrations of DNase I and
Exonuclease III were incubated with
3 ng fluorescein-labeled DNA for 1
hour at 37˚C in a 50 µL reaction.
Reactions were quenched by adding
each 50 µL reaction to 1 mL 100 mM
Tris-HCl (pH 8.0), 5 mM MgCl2, 0.5%
SDS. Polarization values were meas-
ured on a Beacon® Analyzer. Data
points in the middle of the graph
were used to construct a linear stan-
dard curve.
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A QUANTITATIVE AMYLASE ASSAY IN MALT AND
MOLASSES SAMPLES

Introduction

Proteases,amylases,and lipases each play important roles in the processing of dairy products,
starches and sugars, fruits and vegetables, baking products, and malt used for brewing.
Enzymes are used for proper processing (e.g., α-amylase activity on starch from malt), are
responsible for contaminating activity in additives (e.g., endogenous protease activity in spice
additives), and contribute to flavor formation (e.g., lipase additives in cheese processing).

The ability to follow enzyme activities during food processing can potentially reduce costs by
allowing for early rejection of unsuitable raw ingredients, improvements in process optimiza-
tion, and more rigorous, consistent, and accurate quality control of final products. Any new
assays should meet several different criteria,including adequate sensitivity,ease-of-use,speed,
and statistical robustness.The ideal assay set would also share a common technology in order
to simplify training of laboratory personnel.

Amylases and related starch-degrading enzymes, like proteases,play a role in a myriad of food
processes, including starch conversion, filtration, fermentable sugar production, juice clarifi-
cation, and liquefaction. Amylase is especially important to the malt and brewing industries.
Amylase concentrations in malt play a significant role in product taste and texture, and only
malts with a certain amylase activity are used in beer-brewing.The amylase activity FP-based
assay described in this section is based on an FP assay originally designed to detect amylase
activity in clinical serum samples (Hofman and Shaffar, 1985). It was developed to measure
high amylase activities in malt samples and low, contaminating levels of amylase activity in
molasses. In the first case, the presence of amylase activity in malt is essential to the brewing
process; in the second,contaminating amylase activity in molasses leads to changes in texture
over time. While not detailed here, other enzymes (e.g., lipases, pectinases, cellulases, etc.)
which degrade larger substrates to small fragments are also candidates for FP assays.

Materials and Methods

Amylose (Sigma Chemical Co.) was labeled with FITC according to the method of De Belder
and Granath (1973). Malt barley was a kind gift from Dr. Cynthea Hensen of the Cereal Crops
Research Unit, USDA, and the Department of Agronomy, University of Wisconsin-Madison.

Malt samples were prepared as follows: 5 grams of malt barley were ground in a coffee grinder
for one minute. One gram of ground malt was added to 20 mL Tris-buffered saline (pH 7.4).
The sample was gently mixed for one hour at room temperature and then 1.0 mL of the extract
was spun at 10,000 × g for 5 minutes in a microcentrifuge.The supernatant was transferred to
polystyrene tubes.

The basis of the fluorescence polarization amylase assay described below is identical to
that of the other enzyme assays described in this chapter. A large, fluorescently-labeled
amylase substrate (F-amylose) was incubated with varying concentrations of purified
α–amylase in PBS (pH 7.4) at room temperature for 10 minutes to overnight. Changes in
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polarization values were determined using a Beacon® 2000 Fluorescence Polarization
System. For the comparison of malt extracts, F-amylose was incubated with 2 µL of a 1:10
dilution of each malt extract in PBS for 50 minutes at room temperature. For analysis of
molasses, pure molasses was diluted 1:10 or 1:100 with PBS and incubated with F–amy-
lose for up to 24 hours. Color in the molasses samples was accounted for by background
subtraction and did not interfere with the assay.

Results and Discussion

The amylase activity standard curve is shown in Figure 5-9. Amylase activity was linear
over 2-3 logs. We also followed the kinetics of amylase activity and found that breakdown
of the fluorescein-labeled amylose substrate was minimal over 24 hours (data not shown).

We also examined amylase activities of three molasses samples, and compared them to a
positive control spiked with an excess of amylase, and a negative control (Table 5-3).
Differences in color attributed to the molasses were accounted for in the analysis. The lower
polarization value for the amylose substrate when it is completely broken down was 70 mP
while 268 mP was the upper limit for totally intact substrate. Changes in polarization val-
ues correlated well with amylase activity in the molasses.

Our FP assay measured amylase activity at both very high levels (in malt extracts) and very
low levels (in molasses samples). Relative amylase activities in malt extracts determined by
FP were comparable to those activities determined by the malt industry standard method.
For instance, malts with high 20 DU activities had the greatest changes in polarization. We
allowed the reactions to proceed for 60 minutes, but shorter periods would have been suffi-
cient because amylase activity was so high in the samples that were tested.While we report-
ed our amylase activities in terms of ∆mP, a standard curve, using malt extracts with qual-
ified 20 DU activities, could be used to convert millipolarization values to 20 DU numbers.

Analysis of molasses by FP differed from the malt analysis, because amylase in malt repre-
sents a low level contamination, not the primary enzymatic activity. It was therefore neces-
sary to incubate the reactions for a longer period (i.e., overnight). Color of molasses samples
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Figure 5-9. Amylase Activity
Standard Curve. To assess the
appropriateness of this assay for the
characterization of malts, we com-
pared the activity of ten common
malts. Table 5-2 compares amylase
activity in a variety of different malts
by two methods: the change in polar-
ization values of the F-amylose sub-
strate and malt industry standard 20
Dextrinizing Units (20 DU) α-amy-
lase activities. The latter were deter-
mined previously by the USDA, ARS
Cereal Crops Research Unit, Madison,
WI using a standard method (20 DU
method, alpha-amylase activity,
American Society for Brewing
Chemist Standard Method, 1976
Edition). We did not construct a stan-
dard curve and so the comparison of
activities determined by the two
methods must be relative.
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did not prove to be a problem at 1:100 dilution although the diluted samples were dark.
Polarization is relatively insensitive to slight color, and colored samples can be accounted for
in the blanking process.The assay,using the Beacon® 2000 Fluorescence Polarization System,
correctly predicted the amylase activity in the samples relative to their previously determined
amylase activity.

One of the most appealing advantages of FP is that the same instrumentation and assay design
can be used in a variety of situations. For instance, with starch degrading enzymes, only the
fluorescent substrate need be changed in order to assay different activities. It is conceivable
that judicious choice of substrate could lead to the development of unique assays for β-amy-
lase, debranching enzyme, and even α-glucosidase.
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Table 5-2. Comparison of Amylase Activity in Malt Extracts. Reactions
done at room temperature for 60 minutes.

Malt Barley Change in polarization (mP) α-amylase activity (20 DU)

M 81 66 37.8

ND 13300 63 39.8

Stander 60 36.7

Morex 58 34.2

M 75 57 36.1

Excel 55 34.8

Barbless 40 24.5

ND 14161 41 28.7

Y3250-6 39 28.6

SM 90514 27 21.4

Table 5-3. Amylase Activity in Molasses Samples.

Sample Change in Polarization (mP)

Negative control (zero point) 268

Positive control (very high activity) 70

Sample I (>60 Units/kg) 158

Sample IV (20 Units/kg) 230

Sample V (<60 Units/kg) 199


