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Abstract

Proteins are widely used in various industries as highly valued biotechnology products. One example is horseradish peroxidase
isolated from horseradish (Armoracia rusticana) that used as enzyme label in immunochemistry. However, the cultivation of
horseradish is limited to subtropical countries, making the dependency on horseradish peroxidase unsustainable for tropical
countries. Numerous studies have explored alternative peroxidases, and white radish peroxidase isolated from Raphanus sativus
L. has emerged as a promising candidate. In this study, white radish peroxidase is isolated using the polyethylene glycol (PEG)
precipitation method which is widely used as a simple and cost-effective method. This study aims to evaluate the effectiveness
of the one-step and two-step PEG precipitation method. The one-step PEG precipitation method used in this study was done
by mixing the white radish juice with PEG 6000 30% (w/v), while the two-step method was done by mixing it with PEG 400
20% (w/v) and PEG 6000 30% (w/v) consecutively. This study compares the yield and recovery levels of total protein and
white radish peroxidase, as well as the enzymatic specific activity of white radish peroxidase isolated both by the one-step PEG
precipitation and the two-step PEG precipitation. The results indicate that both extraction methods yield the same level of white
radish peroxidase. However, they differ in terms of purity. The two-step extraction method results in white radish peroxidase

with higher purity, as evidenced by its specific activity towards the chromogen ABTS in the presence of H;0s.
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1. Introduction

Peroxidase is a significant biotechnology product with
numerous diverse applications. The enzyme facilitates
oxidative reactions or oxygen transfer between peroxides
that serve as electron acceptors and the substrates that act
as electron donors [1,2]. Horseradish peroxidase (HRP) is
a widely used peroxidase in various sectors. It serves as an
enzyme label in immunochemistry applications, such as in
ELISA; as a catalyst for phenol removal in the bioremediation
of wastewater; as bio bleaching and bio pulping in the paper
industry, as well as decolorization of textile dyes [3-5].
Horseradish peroxidase is valued for its broad substrate
specificity which allows it to oxidize an extensive range of
chromogenic and chemiluminescent H, donors. It is also known
for its ability to tolerate a wide range of pH and temperature,
with optimum activity observed at pH 5.0-7.0 and 20-35°C
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[6,7]. However, the use of horseradish peroxidase may not
always be a financially viable and sustainable option in certain
parts of the world, such as Indonesia, because horseradish
only grows in subtropical regions.

In recent years, researchers have been searching for a
viable substitute for horseradish peroxidase. The alternative
options include soybean peroxidase [8], red radish peroxidase
[9], and white radish peroxidase [10,11]. White radish
peroxidase is extracted from white radish (Raphanus
sativus L.), which belongs to the Brassicaceae family--the
same family as horseradish (Armoracia rusticana). It has
been cultivated since 3000 BC and is now grown globally,
including in tropical countries [12]. Research on peroxidase
isolated from Raphanus sativus L. has been conducted since
1994, such as research on six isoperoxidases from Korean
radish root [13], the isolation method & characterization of
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white radish peroxidase [10], immobilization of white radish
peroxidase [14], and so on. Additionally, Barbosa et al. [14]
found that white radish peroxidase shares about 70% of its
amino acid chains with horseradish peroxidase. Given the
global availability of Raphanus sativus L. and the structural
similarity between white radish peroxidase and horseradish
peroxidase, it could be used as a sustainable alternative to
horseradish peroxidase.

There are several varieties of Raphanus sativus L. with
different shapes and colors. In Indonesia, Raphanus sativus L.
var. Hortensis Backer, also known as white radish, is cultivated
as a horticultural commodity. White radish cultivation is
distributed across various regions in Indonesia [15]. In 2020,
the production of white radish reached 24,902 tons with an
average vield of 15.96 tons/Ha. According to the Directorate
of Food Corps [16], the average price for producers of white
radish in 2022 was 492,975 IDR/quintal or approximately
5,000 IDR/kg. The use of white radish in Indonesia is currently
limited to food consumption. Therefore, utilizing white radish
for other purposes, such as in biotechnology, could increase
its value.

Other researchers have developed several methods for
extracting and purifying radish peroxidase that can be used as a
reference, as can be seen on Table 1. Some of those techniques
include the typical downstream processing which involves a
multi-step cascade, beginning with protein extraction from
the biological matrix, followed by clarification or extract
separation from impurities, precipitation, and protein
purification . Each extraction method has its advantages and
disadvantages.

Ammonium sulfate precipitation is widely considered
the gold standard method for protein extraction. However,
it has some back draws, including low extraction rates, low
yields, cumbersome operations, and purification difficulties
[17-19]. On the other hand, PEG can be performed at ambient
temperature, does not denature protein, and exhibits fast
precipitation kinetics [20,21]. Many past studies utilized
both features of ammonium sulfate and PEG in an extraction
technique called aqueous two-phase system (ATPS) to extract

peroxidase [22—-24], and yet several back draws remain, such
as high cost or optimization complexity [25]. While studies
dedicated on improving extraction methods continues, looking
back at conventional extraction methods might give positive
points as its usually employ simpler steps and great result. For
example, in 1968, PEG had been used to extracted and purified
an enzyme through fractional precipitation to its crystalline
state [26]. Therefore, polyethylene glycol (PEG) precipitation
alone can be used as an alternative extraction method.

On past study, Apriliani [11] employed two-step PEG
precipitation with overnight incubation time for each step of
PEG 400 and PEG 6000 addition to white radish extract. This
procedure is time-consuming, taking at least three days to
obtain an impure white radish peroxidase extract. Therefore,
this study presents a modified isolation procedure. The study
compares the white radish peroxidase (WRP) extracted using
two-step PEG precipitation using PEG 400 and PEG 6000 to
the one-step extraction using only PEG 6000. The incubation
time was reduced from overnight to 30-35 minutes for both
methods. The reduction of incubation time was decided by
considering its fast kinetic and inspired by the fractional
precipitation done by Jansen et al. [26] that stirring the sample
with PEG for 30 minutes only. Moreover, PEG incubation
time does not significantly affect the yield [20]. This study
aims to analyse the potential of modifying the established
procedure for isolating white radish peroxidase to a simpler

2. Methodology

2.1 Experimental Design

The experimental design of this study is to compare
two modified precipitation procedures using PEG as the
precipitant. The experiment used white radish extract obtained
from a single white radish which was bought from a local
grocery. Each treatment is replicated six times. The incubation
time was limited to 30-35 minutes. The concentrations of total
protein and enzymatic activity of the white radish peroxidase
(WRP) extract were analyzed with three to five replicates for
each sample. As this study focuses on comparing one-step
and two-step PEG precipitation effect on WRP yield, there is

Table 1. Radish Peroxidase Isolation Methods

RADISH PEROXIDASE

PURIFICATION

SOURCE EXTRACTION METHOD METHOD REFERENCE
Cell suspension culture from . s Dialysis and DEAE-
. . Ammonium sulfate precipitation cellulose column [10]
white radish seed
chromatography
Ultrafiltration using Amicon Cell Dialysis and DEAE-
Red radish extract with a membrane cut-off of cellulose column [9]
PM10 chromatography
Two-step PEG precipitation
White radish extract using combination of PEG 400 None [11]

20% & PEG 6000 30%
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no comparison between PEG precipitation method and other
extraction methods.

2.2 White Radish Crude Extract Preparations

After washing the white radish (Raphanus sativus L.)
with tap water, it was cut into small cubes. Next, phosphate
buffer saline (PBS) was added, and the mixture was blended
using a kitchen blender to obtain a smooth and homogenized
white radish juice. The resulting mixture was then filtered
through a cheesecloth, transferred into several Falcon tubes,
and centrifuged at 10,000 rpm for 20 min at 4 °C, resulting in
the separation of the white radish extract from cell debris. The
supernatant was collected and used directly for the extraction
of WRP . The resulting supernatant is referred to as white
radish extract.

2.3 Preparation of samples & white radish peroxidase
extraction

The white radish extract was divided into 12 Falcon tubes.
Six of the tubes were used for one-step extraction samples,
and the other six were used for two-step extraction samples.
A small amount of white radish extract was taken from each
tube for further analysis.

For the one-step extraction, approximately 30% (w/v)
PEG 6000 was added to the final volume of each of the 6
tubes. The mixtures were then homogenized using a Falcon
rotary machine for 30-35 minutes and centrifuged using the
same procedure for white radish extract preparation. The
pellet obtained from the centrifugation was then separated
from the supernatant and gently rinsed with PBS to remove
the remaining precipitant.

The six remaining tubes of white radish extract were used
for a two-step extraction treatment. Approximately 20% (v/v)
of PEG 400 was added to the final volume of white radish
extract. The mixtures were homogenized and centrifuged
using the same procedure as the one-step extraction. The
resulting supernatants were transferred to new Falcon tubes,
and a small volume of each tube was collected for further
analysis. After that, approximately 30% (w/v) PEG 6000 was
added to the final volume of each supernatant. The mixtures
were homogenized and centrifuged again using the same
procedure as before. The resulting pellets were then separated
from the supernatant.

The pellets obtained from one-step and two-step
extractions were resuspended with PBS consecutively for
each treatment. A small amount of the pellet resuspensions
from each treatment tube were collected for analysis.

2.4 Protein Quantification

The total protein of each treatment was measured using
NanoDrop 280 nm. PBS was used as a blank. A standard curve
was generated using BSA protein in the concentration range of
0.1678 - 1.678 mg/mL
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2.5 White radish peroxidase enzymatic activity
measurements

The WRP extract samples were diluted with PBS in the
range of 50-100 times. Then, 10 pL of each diluted sample
was added to a 96-well plate followed by the addition of 90
uL of ABTS solution containing 0.01% (v/v) H.O,. The ABTS
solution used in this study is a 0.3645 mM (0.2 mg/mL) ABTS
in sodium acetate buffer pH 4.5. The absorbances of the
mixtures were measured every 5 minutes for 25 minutes using
an ELISA plate reader spectrophotometer at a wavelength of
415 nm. The dilution factor was selected based on the linearity
of the absorbance over time graph. The slope of the resulting
graph was used to determine the unit peroxidase of the WRP
extract.

One unit of white radish peroxidase is defined as the
amount that increases the absorbance by 0.001 per minute
of incubation at 415 nm. The concentration of white radish
peroxidase concentration was calculated as follows:

) ) Slope
Unit Peroxidase =
0.1
Unit peroxidase

WRP Concentration = - Dilute factor

Analite volume
2.6 SDS-Page
The samples are then analyzed with SDS-PAGE using
the Laemmli procedure [27]. The samples were loaded in 5%
stacking gel and 10% resolving gel. The electrophoresis was
run until the dye almost reached the edge of the gel.

2.7 WRP Lyophilization

The extracted WRP samples were lyophilized into a solid
form. The resuspended samples were mixes with sucrose as
lyoprotectant and PVP as wetting agent to minimize negative
effects of lyophilization process. The lyophilization process
was carried out for a day.

2.8 Specific activity comparison of WRP and HRP

An amount of lyophilized WRP was resolved in
deionized water and the concentration was measured with
NanoDrop using the same procedure as mentioned above. An
amount of the commercially available HRP powder was
resolved in deionized water in the same concentration as the
resolved lyophilized WRP. The specific activities were
measured using the procedure mentioned above (three
replication data).

2.9 Statistical analysis

The protein quantification and enzymatic activity analysis
data were statistically calculated. Normality, t-tests and two-
way ANOVA were used to determine the data distribution
and significance of each treatment. The parameters used for
statistical analysis were protein recovery degree, white radish
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peroxidase recovery degree, and white radish peroxidase-
specific activity.

3. Results and Discussion

3.1 Total protein recovery level

Total protein concentrations of white radish extracts and
WRP extract were measured using Nanodrop. The protein
recovery level of the final products compared to white radish
extract is 10.33% and 5.17%, respectively (Figure 1). The
two-step extraction shows a lower protein recovery level
compared to the one-step extraction which means that fewer
protein contaminants co-precipitated with the protein of
interest.

One of the theories behind protein precipitation is the free
volume exclusion effect [28]. It is influenced by various factors
such as pH, temperature, molecular weight, and concentration
of PEG used. Ignoring sample environments such as pH
and temperature, protein precipitation using PEG mainly
depends on PEG molecular weight and concentration as it
directly affects the protein partition coefficient (Kp) needed
for separating the protein of interest from other substances
in solution. The protein partition coefficient (Kp) in PEG
precipitation is defined as the ratio of protein concentration
in the supernatant to that in the precipitate. A low Kp value
indicates that the protein is present in the precipitate phase
rather than in the supernatant phase. PEG with a molecular
weight below 1540 is efficient in precipitating proteins with
a low Kp. On the other hand, PEG with a molecular weight
above 1540 can precipitate proteins with higher Kp values,

as it reduces more water molecules through hydrophobic
interactions between the PEG chain and the hydrophobic
region of proteins [24]. Therefore, PEG with lower molecular
weight can remove protein contaminants with a lower Kp
value while retaining proteins with a higher Kp value in the
supernatant.

The addition of PEG 400 20% (v/v) before to PEG 6000
30% (w/v) eliminates protein contaminants with a Kp value
lower than white radish peroxidase by precipitating it. The
remaining impurities were then eliminated by the addition
of PEG 6000 by precipitation of the remaining higher Kp
proteins, which in this case are white radish peroxidase and a
few other protein impurities with similar K values.

3.2 White radish peroxidase recovery level

The white radish peroxidase was quantified in peroxidase
units against the ABTS chromogen. The recovery level of white
radish peroxidase from one-step extraction is 62.84%, which
is slightly higher compared to two-step extraction at 56.65%.
However, the difference is not statistically significant (Figure
2). Therefore, the extraction of white radish peroxidase by
one-step extraction (PEG 6000 only) and two-step extraction
yields the same amount of white radish peroxidase as the
product.

This data shows that the addition of PEG 400 20% (v/v)
to white radish extract does not necessarily precipitate or
interfere with white radish peroxidase. The addition of PEG
with a molecular weight higher than 1540 leads to peroxidase
precipitation. According to the study conducted by Apriliani
[11], white radish peroxidase started to precipitate after the
addition of PEG 4000, and optimal precipitation was achieved

Protein Recovery

100% =

80% =

=
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[
r
F
o =0.0002 - ;
2 40%- P Bl One-step Extraction
o | £ Two-step Extraction
= A
20% B
10.33%
h 517%
0% = | |

WRP Extract

Figure 1. Protein recovery of one-step and two-step extraction compared to each method and its respective white radish extract. Statistical
analysis using two-tailed t-test resulted p-value of 0.0002 between two experiments.
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WRP Recovery
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Figure 2. WRP recovery level in percentage compared to its initial white radish extract. Total white radish peroxidase was mea-
sured in unit peroxidase (UP), which indicates the amount of WRP capable of converting the ABTS chromogen and increasing
the absorbance by 0.001 within one minute at a wavelength of 415 nm. Statistical analysis using two-tailed t-test resulted
p-value of 0.0987 that indicates no differences in WRP yield between two experiments

with the addition of PEG 6000.

It is also known that PEG 6000 is commonly used to
precipitate the protein of interest at different concentrations
depending on its properties. Protein solubility decreases as the
PEG concentration increases, resulting in protein precipitation
[29,30]. As the equilibrium of protein solubility is affected,
the Kp of white radish peroxidase is expected to decrease,
leading to its precipitation. Although the Kp of white radish
peroxidase was not measured in this study, according to
Apriliani [11], 30% (w/v) PEG 6000 optimally precipitates
white radish peroxidase. While 20% (w/v) PEG 6000 was
able to precipitate about 41% white radish peroxidase,
and PEG 6000 40% (w/v) precipitate around 66% white
radish peroxidase with higher total protein as more protein
contaminants co-precipitated.

3.3 White radish peroxidase specific activity & purity
The specific activity of white radish peroxidase was
determined by measuring peroxidase units per milligram of
total protein. The average specific activity of white radish
peroxidase for one-step extraction is 523.61 UP/mg protein,
while for two-step extraction, it is 941.01 UP/mg protein
(Figure 3). Although there is no difference in the total amount
of white radish peroxidase extracted by one-step or two-step
extraction, there is a significant difference in the specific
activity of white radish peroxidase as shown in Figure 3.
The two-step extraction yielded white radish peroxidase
with a specific activity 1.8 times higher than white radish
peroxidase extracted with PEG 6000 alone. As the specific
activity indicates the enzyme activity per total mg of protein
in solution, it has a direct linear relationship with the purity of
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the white radish peroxidase. The use of PEG 6000 30% (w/v)
alone (one-step extraction) did not result in a higher purity
product because it has higher total protein, higher protein
recovery, and lower specific activity compared to the two-step
extraction using PEG 400 and PEG 6000 sequentially.

Another way to measure the purity of white radish
peroxidase is to compare the specific activity of white
radish peroxidase before and after the extraction process. As
shown in Figure 4, the one-step extraction produced white
radish peroxidase with a specific activity 6.16 times higher
than the crude extract, whereas the two-step extraction was
approximately 11.35 times higher. These results are consistent
with the study done by Hammerschmidt et al. [21] where they
optimized sequential precipitation of multiple mAb with a
different pH range as the impurities were eliminated based on
the pl value. In their study, the sequential precipitation which
includes a two-step precipitation, helps to remove impurities
in the first step and precipitate the final product in the second
step. It also shows that sequential precipitation with two-step
precipitation produces a yield with higher purity.

In most cases, the selection of the best extraction method
depends on the extraction efficiency, expressed as the yield
recovery levels [31]. However, in this case, since both methods
gave the same recovery degree of white radish peroxidase,
the efficiency of the extraction method was measured by
comparing the specific activity of white radish peroxidase
per mg of recovered protein. Figure 4 shows that the two-step
extraction is almost two times more efficient than the one-
step extraction in terms of white radish peroxidase purity and
specific activity.
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Figure 3. The specific activity of white radish peroxidase measured as unit peroxidase (UP) per mg of total protein. It was
compared for each extraction method in both white radish extracts and WRP extract. Statistical analysis using two-way ANOVA
resulted a p-value of 0.9063 for the initial specific activity of white radish extract (before enzyme extraction) that emphasized
there is no difference between in starting material’s specific activity value. While the comparison analysis of the specific
activity of WRP extracts from one-step and two-step extraction resulted a p-value of <0.0001, indicates a significant difference

between two conditions.

3.4 Molecular confirmation of white radish peroxidase
isolate

The SDS-PAGE of WRP extract from both extraction
methods shows the same amount of protein bands (Figure 5).
Therefore, it indicates both samples contain the same proteins
which support the white radish peroxidase recovery level
regardless of the addition of PEG 400. The product solely
depends on the addition of PEG 6000 which precipitates white
radish peroxidase with several other protein contaminants of

similar Kp values.

White radish peroxidase has several isoenzymes including
the cationic and the anionic ones. Young Lee and Soo Kim
[13] reported six isoenzymes with molecular weights of 31,
43, 43, 44, 45, and 50 kDa. Within all the bands that occurred
on the gel, according to the migration and Rf values, the WRP
extract might contain white radish peroxidase enzyme with a
molecular weight indicated as 43 kDa. It can also be seen that
there are many impurities in the sample. Based on band

The Increase of WRP Specific Activity

p < 0.0001
1

15.00- B
0 11.35x
: T
=
Z  10.00 A J.
g mm One-step Extraction
e 6.16x =3 Two-step Extraction
2
o
n
£ 5.00-
[+
w
-]
o
o
£

0.00-

WRP Extract

Figure 4. Comparison of the increase in specific activity of white radish peroxidase after extraction between one-step and
two-step extraction with PEG precipitation. The increase in specific activity was measured by comparing the specific activity
in WRP extract and white radish extract. Statistical analysis using two-tailed t-test results p-value of < 0.0001 that indicates

significant differences between two experiments.
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Figure 5. The SDS-PAGE protein band migrations of WRP from one-step and two-step extraction samples. Rows 1 & 2 rep-
resented WRP extract from one-step extraction samples, while rows 3 & 4 are from two-step extractions. Bands indicated as

WRP were observed at 43 kDa.

intensity, the purity level of one-step extraction and two-step
extraction respectively is 17% and 19%.

3.4 Comparison of WRP and HRP

In order to evaluate the ability of WRP as an alternative to
HRP, the specific activity of powder form (lyophilized) WRP
and HRP was compared. The results showed that the specific
activity of lyophilized WRP cannot match the commercial
powder form HRP with values of 2,093.59 UP/mg protein
and 1,385,714.28 UP/mg protein respectively (Figure 6). The
reason for WRP low specific activity is because of its low
purity level whilst the commercial HRP is in high purity level.
Moreover, the extreme condition of lyophilization might also
affect the WRP enzymatic activity resulting in much lower
value though it is not further analyzed in this study.

4. Conclusion

Simplification of the white radish peroxidase extraction
method using only PEG precipitation with two-step extraction
using 20% (v/v) PEG 400 and 30% (w/v) PEG 6000
consecutively demonstrates its potential as an alternative
downstream process for white radish peroxidase extraction.
The difference between one-step and two-step extraction also
shows a significant difference in the yield of white radish
peroxidase purity and specific activity. Further research is
needed to include other parameters such as optimal pH,
temperature, homogenization time, etc.
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Figure 6. The comparison of specific activity of solid form WRP and commercial HRP. The extracted WRP was lyophilized
first to turn it into solid form to match the available HRP form. Statistical analysis using two-tailed t-test results p-value of <

0.0001 indicated a significant difference between two comparisons.

286

DOI: 10.5614/3bi0.2024.6.2.5



3Bio Journal of Biological Science, Technology and Management 6(2):280-288

Faizah et al.

References

[1.] de Oliveira FK, Santos LO, Buffon JG. Mechanism of
action, sources, and application of peroxidases. Food
Research International 2021;143:110266. https://doi.org/
https://doi.org/10.1016/j.foodres.2021.110266.

[2.] Twala PP, Mitema A, Baburam C, Feto NA. Breakthroughs

in the discovery and use of different peroxidase isoforms

of microbial origin. AIMS Microbiol 2020;6:330—49.
https://doi.org/10.3934/microbiol.2020020.

Biswas P, Bharti A, Kadam A, Dutt D. Horseradish and

Potato Peroxidase Biobleaching of Mixed Office Waste

Paper. Bioresources 2020;14:8600-13. https://doi.

org/10.15376/biores.14.4.8600-8613.

Bansal N, Kanwar SS. Peroxidase(s) in Environment

Protection. The Scientific World Journal

2013;2013:714639.https://doi.org/10.1155/2013/714639.

Sellami K, Couvert A, Nasrallah N, Maachi R,

Abouseoud M, Amrane A. Peroxidase enzymes as

green catalysts for bioremediation and biotechnological

applications: A review. Science of The Total

Environment 2022;806:150500. https://doi.org/https://

doi.org/10.1016/j.scitotenv.2021.150500.

[6.] Saud Al-Bagmi M, Shahnawaz Khan M, Alhasan Ismael
M, Al-Senaidy AM, Ben Bacha A, Mabood Husain F, et
al. An efficient methodology for the purification of date
palm peroxidase: Stability comparison with horseradish
peroxidase (HRP). Saudi J Biol Sci 2019;26:301-7. https://
doi.org/https://doi.org/10.1016/j.5jbs.2018.04.002.

[7.] Wang T, Tian J, Li T, Li J. Enzyme properties and
thermal stability of horseradish peroxidase (HRP-DL).
Proceedings of the 2016 International Conference on
Engineering and Technology Innovations, Atlantis Press;
2016. https://doi.org/10.2991/iceti-16.2016.40.

[8.] Yang H, Bever CS, Zhang H, Mari GM, Li H, Zhang
X, et al. Comparison of soybean peroxidase with
horseradish peroxidase and alkaline phosphatase used in
immunoassays. Anal Biochem 2019;581:113336. https://
doi.org/https://doi.org/10.1016/j.ab.2019.06.007.

[9.] Saikia S, Gogoi RD, Yadav M, Yadav HS. lIsolation,

[3.]

[4.]

[5.]

purification and characterization of peroxidase
from Raphanus sativus and its applications in
biotransformation ~ of  cresols.  Biocatal  Agric

Biotechnol 2022;46:102540. https://doi.org/https://doi.
0rg/10.1016/j.bcab.2022.102540.

[10.] Pudjiraharti S, Karossi ATA. Purification and partial
characterization of white radish (Raphanus sativus L.
var. Long white) peroxidase from cell suspension culture
extract. Annals of Tropical Research 2010;32:1-16.

[11.] Apriliani I. Development of Isolation Method of White
Radish Peroxidase (WRP): The Effect of Molecular
Weight and Concentration of Polyethylene Glycol on
Peroxidase Precipitation. Institut Teknologi Bandung,
2019.

[12.]K.R.M. Swaamy. Origin, Distribution, Genetic diversi-

287

ty and Breeding of Rasdish (Raphanus sativus L.). In-
ternational Journal of Development Research (1JDR)
2023;13:61657-73.

[13.] Young Lee M, Soo Kim S. Characteristics of six isop-
eroxidases from Korean radish root. Phytochemistry
1994;35:287-90. https://doi.org/https://doi.org/10.1016/
S0031-9422(00)94749-6.

[14.] Barbosa GS da S, Oliveira MEPS, dos Santos ABS, San-
chez OC, Soares CMF, Fricks AT. Immobilization of
Low-Cost Alternative Vegetable Peroxidase (Raphanus
sativus L. peroxidase): Choice of Support/Technique and
Characterization. Molecules 2020;25:3668. https://doi.
0rg/10.3390/molecules25163668.

[15.] BPS-Statistics Indonesia. Produksi Tanaman Sayuran
Menurut Provinsi dan Jenis Tanaman, 2020 n.d. https://
www.bps.go.id/id/statistics-table/3/ZUhFd1JtZzJWV-
VpgWTJIsVO5XTIIhVmhRSzFoNFFUMDkjMw==/pro-
duksi-tanaman-sayuran-menurut-provinsi-dan-jenis-ta-
naman--2020.htmlI?year=2020 (accessed February 11,
2024).

[16.]Directorate of Food Corps H and ECS. 2022 Agricultural
Indicators. 2023.

[17.] Koteshwara A, Philip N V, Aranjani JM, Hariharapura
RC, Volety Mallikarjuna S. A set of simple methods
for detection and extraction of laminarinase. Sci Rep
2021;11:2489. https://doi.org/10.1038/s41598-021-
81807-2.

[18.]Hou Y, Hou Y, Yanyan L, Qin G, Li J. Extraction
and Purification of a Lectin from Red Kidney Bean
and Preliminary Immune Function Studies of the
Lectin and Four Chinese Herbal Polysaccharides. J
Biomed Biotechnol 2010;2010:217342. https://doi.
0rg/10.1155/2010/217342.

[19.] Jiang B, Yuan Y, Zhang X, Feng Z, Liu C. Separation and
Enrichment of Lectin from Zihua Snap-Bean (Phaseolus
vulgaris) Seeds by PEG 600-Ammonium Sulfate
Agqueous Two-Phase System. Molecules 2017;22. https://
doi.org/10.3390/molecules22101596.

[20.] GroRhans S, Wang G, Hubbuch J. Water on hydrophobic
surfaces: mechanistic modeling of polyethylene glycol-
induced protein precipitation. Bioprocess Biosyst Eng
2019;42:513-20.  https://doi.org/10.1007/s00449-018-
2054-5.

[21.] Hammerschmidt N, Hobiger S, Jungbauer A. Continuous
polyethylene glycol precipitation of recombinant
antibodies: Sequential precipitation and resolubilization.
Process Biochemistry 2016;51:325-32. https://doi.org/
https://doi.org/10.1016/j.prochio.2015.11.032.

[22.] Rathnasamy S, Singh R, Auxilia R, Vedhahari B.
Extraction of peroxidase from various plant sources and
its biodegradation studies on phenolic compounds 2014.

[23.] Lucena | V, Branddo | V, Mattedi S, Souza RL, Soares
CMF, Fricks AT, et al. Use of protic ionic liquids as
adjuvants in PEG-based ATPS for the purification of radish

DOI: 10.5614/3bi0.2024.6.2.5


http://www.bps.go.id/id/statistics-table/3/ZUhFd1JtZzJWV-

3Bio Journal of Biological Science, Technology and Management 6(2):280-288 Faizah et al.

peroxidase. Fluid Phase Equilib 2017;452:1-8. https://
doi.org/https://doi.org/10.1016/j.fluid.2017.08.012.

[24.] Miranda M V, Lahore H m. F, Cascone O. Horseradish
peroxidase extraction and purification by aqueous two-
phase partition. Appl Biochem Biotechnol 1995;53:147—
54. https://doi.org/10.1007/BF02788604.

[25.] Nouri E, Khayati G. A Review of Background and
Application of ATPSs in Protein and Enzyme Extraction.
J Solution Chem 2024;53:1-35. https://doi.org/10.1007/
510953-024-01380-w.

[26.] Janssen FW, Ruelius HW. Alcohol oxidase, a flavoprotein
from several basidiomycetes species: Crystallization
by fractional precipitation with polyethylene glycol.
Biochimica et Biophysica Acta (BBA) - Enzymology
1968;151:330-42. https://doi.org/https://doi.
org/10.1016/0005-2744(68)90100-9.

[27.]Mini-PROTEAN Tetra Cell Instruction Manual n.d.

[28.] Oeller M, Sormanni P, Vendruscolo M. An open-source
automated PEG precipitation assay to measure the relative
solubility of proteins with low material requirement. Sci
Rep 2021;11:21932. https://doi.org/10.1038/s41598-
021-01126-4.

[29.] Fahie-Wilson M, Halsall D. Polyethylene glycol
precipitation:  proceed with care. Ann Clin
Biochem  2008;45:233-5.  https://doi.org/10.1258/
ach.2008.007262.

[30.] Henneberg F, Chari A. Chromatography-Free Purification
Strategies for Large Biological Macromolecular
Complexes Involving Fractionated PEG Precipitation and
Density Gradients. Life 2021;11. https://doi.org/10.3390/
life11121289.

[31.] Zzhang X, Yang H, Cui Y, Ren Z, Sun R. Comparison
of two extraction methods for the determination of
organolead compounds using sodium tetrapropylborate
as derivatization reagent. Resources, Environment and
Sustainability 2021;6:100035. https://doi.org/https://doi.
org/10.1016/j.resenv.2021.100035.

288 DOI: 10.5614/3bi0.2024.6.2.5



	3BIO: Journal of Biological Science, Technology and Management 6(2): 280-288
	Abstract
	1. Introduction
	2. Methodology
	3. Results and Discussion
	4.  Conclusion
	Conflict of Interest

	References

