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Propolis extract effectively inhibits protein aggregation
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ABSTRACT

We know many protein misfolding diseases, from
Alzheimer’s disease to type Il diabetes, which are
characterized by the presence of amyloid fibrils.
The treatment of these diseases can be done by
using molecules that prevent the formation of fibrils
or break up already formed fibers. Polyphenolic
compounds can play an important role in the
prevention of amyloid-related diseases, as they are
strong antioxidants and neuroprotective. Propolis
is rich in polyphenols, and hence its ethanolic extract
has an anti-amyloidogenic effect. In the present
study, a-chymotrypsin was used as a model protein
to investigate the anti-amyloidogenic properties of
propolis extract and one of its bioactive components,
trans-ferulic acid. The aggregate characterization
was done by turbidity measurements, aggregation
kinetics and Congo red binding assays. Our
results showed that the propolis extract and trans-
ferulic acid effectively inhibit the aggregation of
a-chymotrypsin.
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1. INTRODUCTION

More than 500 million people worldwide suffer
from neurodegenerative diseases, and hence the
search for therapeutic agents that inhibit protein
misfolding is of great importance [1, 2]. Propolis
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collected by honey bees has long been used in
medicine because it has antimicrobial and antioxidant
properties [3]. The composition of propolis depends
on the available plant sources and the climatic and
geographical conditions [4]. Propolis contains more
than 300 biologically active compounds, including
flavonoids, terpenoids, phenolic acids, benzofurans,
benzopyrans and chalcones. Clinical studies have
revealed the preventive and curative effects of
propolis for some chronic diseases [5]. The
polyphenolic compounds present in the ethanol
extract of propolis are responsible for the biological
activity [6] and they include caffeic acid, trans-
ferulic acid, p-coumaric acid, pinocembrin, trans-
cinnamic acid, apigenin, kaempferol, chrysin, caffeic
acid phenethyl ester, galangin [7], quercetin [8], and
chlorogenic acid [9]. The flavonoids of propolis
greatly contribute to the antioxidant effect of propolis.
Quercetin glycosides are the main flavonoids in
propolis [10]. The total polyphenol content of 8
propolis samples collected in Hungary varied between
270.9 mg/g and 287.0 mg/g gallic acid equivalents
(GAE) [11]. Polyphenols inhibit protein aggregation
and play an important role in protecting the
nervous system; they can also be used as anti-
amyloid therapeutic agents [12]. Adding polyphenols
to the diet alleviates the pathophysiological damage
of neurodegenerative diseases, and hence it can be
used in their prevention and treatment [13-15].
The intake of polyphenols can improve memory
and prevent brain aging. Propolis has been shown
to have a neuroprotective effect [16]. Propolis has
been shown to improve cognitive dysfunction and
inhibit lysozyme aggregation [17]. Propolis has
antimicrobial, antioxidant and anti-inflammatory
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propetties, so it can be used as a popular ingredient in
healthy foods. Administration of propolis has been
shown to inhibit amyloid A amyloidosis [18]. Caffeic
acid phenethyl ester and propolis have been shown
to inhibit the amyloid fibril formation of human
transthyretin [19]. Caffeic acid has been shown to
effectively inhibit o-chymotrypsin amyloid fibril
formation [20]. Caffeic acid, chrysin and quercetin
have been shown to inhibit amylin aggregation
[21]. Quercetin and quercetin 3-B-O-glucoside have
a concentration-dependent inhibitory effect on o-
chymotrypsin aggregation [22, 23]. Isoquercitrin
(quercetin 3-B-O-glucoside) inhibits the growth of
AP25-35 fibrils [24]. Isoquercitrin is an inhibitor of
amyloid formation, which can stabilize the native
protein [25]. The antioxidant quercetin has an
inhibitory effect on the fibril formation of amyloid-3
proteins [26]. Quercetin forms hydrogen bonds with
the peptide backbone of peptide AP, thereby
disrupting p-sheet structure, and inhibiting protein
aggregation [27]. Quercetin disaggregates the prion
fibrils [28]. Based on turbidity measurements,
trans-ferulic acid has been proven to be a promising
anti-amyloidogenic agent [29]. Chlorogenic acid
treatment greatly improves spatial memory and
alleviates neuronal damage. Chlorogenic acid
attenuates cognitive impairment [30]. Chlorogenic
acid has been proven to be an effective anti-
aggregation agent, using o-chymotrypsin as a model
protein [31].

Since polyphenols can be used to reduce oxidative
damage, slow aging, reduce the risk of
neurodegenerative diseases, and extend the lifespan
of older adults, the polyphenol-rich propolis extract
and one of its bioactive components, trans-ferulic
acid, are also of therapeutic importance [16].

2. MATERIALS AND METHODS

2.1. Materials

The bovine pancreas o-chymotrypsin (EC
3.4.21.1, three times crystallized, lyophilized) was
purchased from Sigma-Aldrich Ltd. (Budapest,
Hungary). The propolis solution drop is marketed
by Natureland Egészségcentrum Ltd. (Paszto,
Hungary). All reagents and buffer components
used were analytically pure.

2.2. Formation of amyloid fibrils

Based on previous experiments, we know that
amyloid fibrils are formed when a-chymotrypsin
is incubated in the presence of 55% ethanol at pH
7.0 for one day at room temperature [32]. A
decrease in the amount of fibrils can be observed
in the presence of anti-aggregation agents [33].

2.3. Turbidity measurements

Although the turbidity measurement is not specific,
it is a quick, simple and inexpensive method, which
can be used to study the formation of amyloid
aggregates [34]. The turbidity of the samples in
55% ethanol/10 mM phosphate buffer at pH 7.0
was measured by UV-vis spectrophotometer at
350 nm in a cuvette with a 1.0 cm path length with
and without propolis extract. The final concentration
of a-chymotrypsin was 0.15 mg/ml, and all
measurements were done in triplicate. Samples were
incubated for one day before reading turbidity. All
turbidity measurements were performed at room
temperature using a protein-free solution as blank.

2.4. Measurement of aggregation Kinetics

1.0 ml of 0.15 mg/ml a-chymotrypsin solution
(prepared as described above) was incubated in a
cuvette with a 1.0 cm path length in the presence
or absence of different concentration of trans-
ferulic acid at room temperature. Aggregation kinetics
was monitored for 20 minutes, and the absorption
at 350 nm was read every minute, using a protein-
free solution as a blank.

2.5. Congo red binding assay

The red shift of the maximum of the amyloid-
specific Congo red (disodium-3,3'[[1,1-biphenyl]-4,4'-
diylbis(azo)]bis(4-aminonaphthalin-1-sulphonate))

absorption spectrum indicates the increased [-
sheet content of the protein, which is characteristic
of amyloid fibrils [35]. Congo red was dissolved
in a phosphate buffer (5 mM, pH 7.0) consisting
of 0.15 M NaCl. 200 pl of 1-day-incubated samples
was mixed with 800 ul of Congo red solution, and
incubated at room temperature for at least 15 min
prior to absorption measurement. The absorption
spectra of samples were recorded from 400 to 600 nm
on a Hitachi U-2000 UV-vis spectrophotometer
in a cuvette with a 1.0 cm path length. When
calculating the difference spectra, the spectra of
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Congo red and oa-chymotrypsin are subtracted
from the spectra recorded in the presence of Congo
red and protein.

2.6. Statistical analysis

Turbidity experiments were repeated three times,
and the results were expressed as the mean +
standard error of the mean (SEM). Statistical
significance was determined by one-way analysis
of variance (ANOVA).

3. RESULTS AND DISCUSSION

We investigated the anti-amyloidogenic effect of
propolis extract and one of its bioactive components,
trans-ferulic acid, in vitro by measuring turbidity,
Congo red binding and aggregation kinetics using
the a-chymotrypsin model protein.

The absorption of the sample can be measured at
350 nm in the presence of insoluble protein fibrils.
a-chymotrypsin amyloid aggregation was monitored
via turbidity measurements in the presence and
absence of propolis extract to verify the inhibitory
effect of propolis extract on protein aggregation.
As shown in Figure 1, with the increase in the
concentration of the propolis extract, the absorption of

A

Figure 1. Turbidity measurements by recording relative
absorption at 350 nm in the absence and presence of
varying concentration of propolis extract. All columns
show the average of three parallel experiments at a
concentration of 0.15 mg/ml a-chymotrypsin in 55%
ethanol at pH 7.0. All the data we present are given in
the form of the mean * standard error of the mean
(SEM). Significance was defined as ***P < 0.001 and
**%P < 0.01.

Figure 2. Congo red absorption spectra without propolis extract (A), a-chymotrypsin + Congo red (solid line),
Congo red alone (dashed line), a-chymotrypsin alone (dotted line). Congo red difference spectra without propolis
extract (solid line) and with 1000-fold (dashed line) and 500-fold dilutions (dotted line) of propolis extract (B).
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Figure 3. Measurement of the kinetics of aggregation in
the absence (solid line) of trans-ferulic acid and in the
presence of 1.55 (dashed line) and 3.1 mg/ml (dotted
line) trans-ferulic acid at a concentration of 0.15 mg/ml
a~chymotrypsin in 55% ethanol at pH 7.0.

the sample and the degree of aggregation decreased.
In the presence of a 125-fold dilution of the
propolis extract, the aggregates almost completely
disappeared from the sample. In a 1000-fold
dilution, the propolis extract only slightly inhibited
aggregation. Propolis extract has a strong anti-
aggregation effect. Propolis also inhibited
lysozyme aggregation [17].

Congo red binds selectively to the P-sheets of
amyloid fibrils, and hence it can be used to detect
amyloids. The absorption of the Congo red solution
shows a peak at 490 nm. A red shift of the Congo
red absorption maximum can be observed if
amyloid fibrils rich in B-plates are present in the
sample (Figure 2A). Congo red binding experiments
suggest that the resulting precipitate was amyloid
and that the propolis extract caused a concentration-
dependent inhibition in the formation of fibrils.
Figure 2B shows the difference spectra without
propolis extract and at 1000-fold and 500-fold
propolis extract dilutions. The decrease in the
maximum of the difference spectrum measured at
550 nm, as well as the shape of the curves,
indicate a decrease in the amount of fibrils in the
presence of an inhibitor.

Aggregation of a-chymotrypsin was monitored by
measuring the absorption at 350 nm for 20 minutes
in the absence or presence of different concentrations
of trans-ferulic acid, which is one of the bioactive
molecules of propolis. Aggregation kinetics in the
presence of trans-ferulic acid supported the
inhibitor’s concentration-dependent anti-aggregation
effect (Figure 3). At a concentration of 3.1 mg/ml
trans-ferulic acid, the aggregates almost completely
disappeared from the sample. The inhibitor caused
a significant inhibition of aggregation even at 1.55
mg/ml. Based on our experiments, trans-ferulic acid
can be considered as an effective anti-aggregation
agent.

CONCLUSION

Our findings demonstrate that propolis extract and
trans-ferulic acid effectively inhibit a-chymotrypsin
aggregation, in a concentration-dependent manner.
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