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Studies on the anti-aggregation of dithiothreitol (DTT) induced - protein is generally
determined by the fraction soluble (non-aggregated) protein. While the turbidity
method is commonly used in studies of anti-aggregation, in which protein is induced
by heat, in this study, both methods are compared in observing the anti-aggregation
activity of ascorbic acid and quercetin toward bovine serum albumin induced by DTT.
The DTT is areducing agent for protein disulfide bonds and capable of inducing protein
aggregation at physiological pH and temperature. The work was performed by the
formation of Bovine Serum Albumin (BSA) aggregates induced by DTT under
physiological conditions, which are pH 7.4 and 37°C. The aggregated protein profile
was observed using the turbidity method at the end of incubation and measuring the
difference of concentration between the fraction of soluble protein before and after
incubation. The measurement was carried out using a spectrophotometer UV-Vis. The
results indicate that both methods show similar inhibition profiles. The potential
inhibition of ascorbic acid (AA) toward BSA protein aggregation induced by DTT
increased along with incubation time. While quercetin shows the highest inhibition at
12 hours but decreased at 18 hours, this study reveals that both methods can observe
the anti-aggregation activity of ascorbic acid and quercetin.

1. Introduction

structures of BSA and DTT are presented in Figures 1 and
2, respectively.

The stability of the natural structure of a protein is
strongly influenced by its disulfide bonds [1, 2, 3, 4]. The
reduction of disulfide bonds significantly decreases the
stability of protein structures [5, 6, 7. Since the stability
of proteins is substantially increased by naturally
occurring disulfide cross-links, the cleavage of disulfide
bonds will trigger instability of protein structure, which
further triggers aggregation. While in many studies,
dithiothreitol (DTT) is reported to be a thiol-based
protein disulfide reducing agent, which is well-known for
investigating the cleavage of disulfide bonds [8, 9, 10].
Furthermore, Yang et al. [11] showed that DTT could
induce aggregation of BSA and lysozyme proteins. BSA
has 17 disulfide bonds and one free cysteine [12]. The

Turbidity measurement is commonly used in
monitoring protein aggregation [13]. That is because the
increase in turbidity shows that the protein has
undergone aggregation [14]. Pulford et al. [15] measured
the turbidity of the aggregations of heat-induced bovine
casein and crystallin proteins at an excitation wavelength
of 360 nm. However, for anti-aggregation studies using
bioactive compounds, measurements were carried out at
higher wavelength to avoid interference from
chromophore absorbance, as suggested by Baier et al. [16]
to conduct turbidity measurement at an excitation
wavelength of 600 nm. Also, Yang et al. [11] observed the
activity of DTT-induced protein aggregation by
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measuring the concentrations of the fraction of soluble
protein before and after the aggregation processes (non-
aggregated) and observing the difference between them.
Borzova et al. [17] reported that the anti-aggregation
activity of Chaperones on BSA protein could also be
observed by looking at the non-aggregate protein.

Figure 1. Structure of bovine serum albumin. The heart-
shaped serum albumin molecule consists of three
homologous «-helical domains (I, II, III). Each domain
contains two subdomains (A and B) that share common
structural motifs [18]
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Figure 2. Structure of dithiothreitol (DTT)

There are many reports on the potential bioactive
compounds as anti-aggregation agents. Research
conducted by Alam et al. [19] reported that ascorbic acid
inhibited aggregation of human insulin, observed by ThT
and ANS fluorescence methods. In addition, Wang et al.
[20] also showed that quercetin was able to inhibit bovine
insulin protein aggregation observed using the ThT
fluorescence method, and the aggregate structure formed
was identified using a transmission electron microscope
(TEM). The structure of ascorbic acid and quercetin can be
seen in Figure 3.
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Figure 3. Structures of (a) ascorbic acid and (b) quercetin

Based on the elaboration, it is necessary to test the
ability of both methods to monitor protein aggregation.
The methods are turbidity at 600 nm and soluble protein
fraction (non-aggregated) at 280 nm on observing the
aggregation of BSA protein induced by DTT in the
presence of ascorbic acid and quercetin as inhibitors.

Turbidity is defined as the attenuation of the incident
beam by light scattering and thus can be estimated either
straightforwardly, via measurement of the loss of
intensity of transmitted light or secondarily, by the
integration of the angle-dependent scattering at a fixed
distance. The relatively straightforward nature of the
transmission measurement is that requiring only a
spectrophotometer or plate reader. The simplification of
light scattering (due to the lack of a requirement for an
extrinsic label) has made transmission-based
turbidimetric assays the default ‘basic’ standard for
recording protein aggregation kinetics [14].

At wavelength 280 nm, the aromatic amino acids
tryptophan (Trp) and tyrosine (Tyr) exhibit strong light
absorption, and to a lesser extent cysteine groups
forming disulfide bonds (Cys—Cys) also absorb.
Consequently, the absorption of proteins and peptides at
280 nm is proportional to the content of these amino
acids. Apart from their intrinsic absorptivity, proteins will
absorb UV light in proportion to their concentrations.
This relationship has been exploited for the
spectrophotometric determination of protein
concentrations, and it is defined by the Beer-Lambert law
(or Beer's law). Beer's law describes the dependence of a
protein's absorbance on its absorptivity coefficient, its
concentration, and the pathlength of the incident light:

A=¢ecL

where:

A: absorbance of the sample (unitless)

e: molar extinction coefficient or molar absorptivity of
the protein (M~ cm™)

c¢: concentration of the protein (molar units, M)

L: light pathlength (cm)

The ease of the turbidity method on anti-aggregation
studies will be very beneficial in exploring the capacity of
candidate compounds for further anti-aggregation
studies.

2. Material and Methods

All the materials were bought from Sigma Aldrich:
bovine serum albumin (BSA), ascorbic acid, quercetin,
dithiothreitol (DTT), and phosphate buffer saline.

2.1. Aggregation process of BSA protein induced by DTT

The formation of aggregates follows the method of
Yangetal. [11]. Each mixture contained 40 pM BSA protein
in 20 mM phosphate buffer (pH of 7.4) and 10 mM DTT.
The step was adding ascorbic acid (AA) and then
incubated at 37°C for 20 hours. The same procedure was
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applied for the bioactive compound quercetin (Q) by
replacing ascorbic acid with quercetin.

2.2. Measurements of turbidity and soluble protein
fraction

The aggregated BSA protein mixtures with and
without the presence of an inhibitor were measured their
turbidity using the UV-Vis spectrophotometer at a
wavelength of 600 nm [16]. Then, the centrifugation of
mixtures was carried out in order to separate aggregate
and soluble protein fraction. The fraction of soluble
protein in the supernatant was determined using the UV-
Vis spectrophotometer at a wavelength of 280 nm [11].

2.3. Aggregate analysis

The aggregated protein profile can be seen from the
mixture turbidity and the difference between the fraction
of soluble protein before and after incubations.

Aggregatecantrol - A.ggregatesample
Aggregatecontral

% inhibition = X 100%
Notes:

Aggregate conwot = Difference of BSA+DTT absorbance
before and after incubations

Aggregate sampe = Difference of BSA+bioactive+DTT
absorbance before and after incubations

3. Results and Discussion

3.1. Scanning absorbance of DTT-induced aggregated
BSA

The BSA protein aggregation was carried out
according to Yang et al. [11], performed close to
physiological pH and temperature. Measurements were
undertaken at various incubation times to see the effect of
DTT on inducing BSA protein aggregation as incubation
time increased. Figure 4 shows the increase in absorbance
along with increasing incubation time.
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Figure 4. UV-VIS spectra of the aggregated BSA protein
for various incubation times at wavelength range
between 450 and 750 nm

Figure 4 shows the BSA aggregation process induced
by DTT during incubation times. The increasing
absorption quantity indicates high turbidity [14]. At a
wavelength of 450 nm, the absorbance is significantly
high, but at this wavelength, it is concerned that there is
an interference of the compound absorption observed as
an inhibitor. The turbidity measurement was chosen at a
wavelength of 600 nm as suggested by Baier et al. [16],
because measurement at higher wavelength avoided
chromophores absorption, so it can be concluded that the
increasing absorbance at a wavelength of 600 nm is an
effect of the increasing amount of aggregates formed.

3.2. Turbidity Profiles of Aggregated BSA With and
Without Inhibitors

The turbidity measurements using the UV-VIS
spectrophotometer of each aggregated mixture were
measured at 600onm, both with and without the presence
of ascorbic acid and quercetin as inhibitors. Figure 5
shows the turbidity profile of each aggregated mixture.
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Figure 5. Turbidity profiles of aggregated mixtures
observed every 2 hours started from10 hours of
incubation and measured at 600 nm wavelength.

In Figure 5, it is shown that the turbidity increases for
all samples throughout times. Sample with quercetin
shows the lowest turbidity at the beginning but increases
significantly after 16 hours. On the contrary, the
inhibition profile of ascorbic acid is not strong at the
beginning, but the activity increases by times. These data
indicate that the inhibition mechanisms of quercetin and
ascorbic acid to prevent protein aggregation are different.
The higher number of phenolic groups of quercetin
probably plays the primary role of this activity. The
quercetin mechanism, as anti-aggregation, was reported
through the prevention of conformational changes [21].

Further, it is said that the mechanism proposed is
direct interaction with the misfolded proteins causing the
stabilization of oligomeric species and inhibition of fibril
growth. Zhu et al. [22] added that quercetin also could
make covalently binding o-syn, increasing its
hydrophilicity and, therefore, inhibiting the aggregation.
The mechanism of ascorbic acid as the anti-aggregation
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agent was proposed by Patel et al. [23]. The study used
spectroscopic and computational characterizations to
observe the behavior of ascorbic acid-binding to hen egg-
white lysozyme (HEWL). It was proposed that ascorbic
acid bound to the aggregation-prone beta domain of
HEWL, stabilized the partially unfolded conformation
and prevented further conformational changes leading to
fibrillation.

3.3. Comparison of two methods for the inhibitory
activity of Ascorbic Acid and Quercetin as an anti-
aggregation protein.

The measurement of inhibition percentage was
performed using two methods. They were turbidity and
soluble protein fraction methods. Turbidity measurement
was conducted by directly measuring the aggregated
mixture at 600 nm by the spectrophotometer.
Measurement of soluble protein fraction (non-
aggregated) was performed at a wavelength of 280 nm
after the aggregates were formed and separated by
centrifugation to get the soluble fraction. The percentage
of inhibition was measured after 12 and 18 hours of
incubation time based on a different profile of the
turbidity in the previous study (Figure 5). Since the
turbidity method showed the unique profile, it is
necessary to see the inhibitory profile of ascorbic acid and
quercetin after 12- and 18-hours incubation using a
soluble protein fraction method.
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Figure 6. The comparison of percent inhibition
aggregation of DTT-induced BSA protein by ascorbic
acid (A) and quercetin (B), measured using turbidity (t)
and a fraction of soluble protein (fsp) methods

Figure 6A shows that the inhibition percentage of
BSA protein aggregation by ascorbic acid increased along
with time by both turbidity and fraction of soluble protein
methods. While Figure 6B presents the potential
inhibition of protein aggregation by quercetin is
significantly high at 12 hours of incubation and then
decreases after 18 hours. Even though the value of
inhibition percentage by soluble protein fraction method
looks higher than that of turbidity, the profiles of both
methods are similar. Interestingly, both methods can
portray the unique behavior of quercetin, shown by the
significant profile at 12- and 18-hours incubation times.

The reason why quercetin is more reliable at the 12
hours and decreases with prolonged incubation time,
probably relates to the solubility of quercetin in the
buffer. In this study, phosphate buffer saline (PBS) was
used as a solvent. Quercetin is slightly soluble in aqueous
buffer. For maximum solubility in aqueous buffer,
quercetin must be dissolved first in dimethyl sulfoxide
(DMSO) and then diluted with selected aqueous buffer.
Quercetin has a solubility of about 1 mg/ml in a DMSO:
PBS at 1: 4 [24]. However, dissolving quercetin is not
recommended for more than a day, as stated in Cayman's
chemical product information. The lower solubility of
quercetin in PBS might contribute to the stability of this
compound that can hold its activity in a more extended
period.

On the contrary, ascorbic acid is a type of compound
that dissolves well in water. Ascorbic acid also dissolves in
phosphate buffer [25]. Even if ascorbic acid was
hydrolyzed in a prolonged time, the derived compound of
ascorbic acid was reported to have anti-aggregation
activity [26]. The ascorbic acid derivative products in the
form of dehydroascorbic and dicogluconic acids inhibit
the formation of amyloid fibrils in insulin. Further studies
are needed to ascertain what derivative products are
produced from bioactive used (ascorbic acid and
quercetin) at prolonged incubation.

Even though both methods portray similar profiles,
there is a difference in inhibition percentage rates
between turbidity and soluble protein fraction methods.
The difference amount of percent of inhibition result
comes from the difference in calculation approach. In the
turbidity method, the total aggregate is obtained from
partial protein affected by DTT in a specific time, while
the soluble protein fraction method involves the whole
protein contained in the solution. Therefore, the number
of percent of inhibition looks higher at the soluble
fraction method.

In this study, the maximum inhibitory capacity of
ascorbic acid and quercetin on inhibiting aggregation of
DTT-induced BSA protein was not carried out. Therefore,
the comparison of inhibitory capacity between ascorbic
acid and quercetin cannot be fully understood. Further
studies are needed in order to gain a full understanding on
the differences of the inhibitory capacity between
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ascorbic acid and quercetin on inhibiting aggregation of
DTT-induced BSA protein, especially concerning the
mechanism of protein aggregation inhibition by
quercetin displaying very high activity at early incubation
but then decreasing significantly at a longer time (showed
by data at 18 hours). After all, these data show that both
methods are equally capable of observing the anti-
aggregation activity of quercetin and ascorbic acid toward
BSA induced by DTT.

4. Conclusion

This study shows that both methods, turbidity and
soluble protein fraction, provide similar information to
portray the activity of an anti-aggregation protein,
especially on BSA protein induced by DTT. This study also
shows a similar profile of quercetin and ascorbic acid on
their mechanisms to inhibit the aggregation of BSA
protein. The activity of ascorbic acid on inhibition of the
protein aggregation induced by DTT increases at a more
extended incubation period. However, the unique profile
is showed by quercetin, which is quite high at early
incubation, then decreases at prolonged incubation time.
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