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ARTICLE INFO ABSTRACT

Atrticle history Uricase is an enzyme that degrades uric acid into allantoin. One of
Received 09" Dec 2021 the uricase sources is obtained from chicken species (Gallus gallus
Accepted 12" May 2022 domesticus) liver which are broiler and native chicken. This study
Keywords: aims to determine the maximum uricase activity in broiler and
characterization native chicken liver. The uricase activity was obtained by
isolation measuring the uric acid concentration as uricase substrate using
uricase spectrophotometric method and wavelength at 291 nm. Uricase
chicken liver isolation was carried out into extraction process, ammonium sulfate

fractionation (0-60% saturation of ammonium sulfate), and dialysis.
During isolation process, centrifugation speed was also optimized to
obtain the maximum uricase crude extract and uricase activity. The
molecular weight of uricase was also determined by SDS PAGE.
The result showed that the highest uricase activity remained using
centrifugation speed of 15,000 rpm. The optimum uricase fraction
for broiler chicken liver was obtained at 20-40% saturation of
ammonium sulfate with uricase activity was 1.854 x 102 U/mg, and
the uricase fraction for native chicken liver was obtained at 40-60%
saturation of ammonium sulfate with uricase activity was 2.496 x
102 U/mg. The optimum fraction for uricase production and
isolation is carried out to the dialysis process. The optimum uricase
activity of broiler chicken liver crude extract was 4.921 x 10+
U/mg, the uricase fraction was 3.989 x 103 U/mg, and the dialysate
was 5.120 x 10 U/mg. While the native chicken liver crude extract
was 2980 x 10* U/mg, the wuricase fraction was
1.415 x 102 U/mg, and the dialysate was 1.753 x 102 U/mg. The
molecular weight of the uricase was around 35 kDa according to the
SDS PAGE result.
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1. Introduction
Uric acid is the end product in purine metabolism [[1]]. Besides that, purine metabolism also can
produce different end products. Some organisms have the ability to break down uric acid into nitrogen
compounds that are simpler compound [[2]]. Humans are one of the organisms that do not have the
ability to break down uric acid. It is because humans do not have uric acid-degrading enzyme activity
called uricase. As a result, uric acid accumulates as stones in the joints and become some diseases such
as rheumatism, gout, and hyperuricemia that can occur when uric acid levels exceed normal limits

Journal of Bio-Molecule Engineering, 1(1), 7 — 13(2022)
doi.org/10.20473/jbiome.v1i1.35859



https://doi.org/10.20473/jbiome.v1i1.35859

Journal of Bio-Molecule Research and Engineering Handayani et. al
Vol. 1| No. 1|7 —-13|2022

[[3]]. Something that can be done is to obtain the uricase from other sources by isolating uricase so
that it can be applied for the prevention of uric acid in the human body.

Several studies have carried out the isolation of the uricase in plants, microorganisms, and
animals. Isolation of uricase from green bean leaves [[4]], Pseudomonas aeruginosa [[5]],
Streptomyces exfoliates UR10 from agricultural waste [[6]], Bacillus subtilis strain SP6 [[7]], Bacillus
cereus SKIII [[8]], Aspergillus welwitschiae strain 1-4 [[9]]. Isolation of the uricase from the liver of
rainbow fish, mackerel, trout, catfish, shark and tilapia [[10]], Indonesian coelacanth [[11]], camel
liver [[12]], and bovine kidney [[13]]. Based on previous studies, this study will isolate and
characterize the uricase from chicken (Gallus gallus domesticus) liver which are broiler and native
chicken liver. The different sources of chicken are due to the differences between the two types of
chicken liver caused by the feed and physical activity of that chicken itself, thus are allowing for
different enzyme-specific activity values and the long-term prospects are expected to be applied to the
prevention of uric acid in the human body.

2. Materials and methods
Fresh chicken liver was taken from the chicken slaughterhouse at JI. Danau Toba, Tegal Gede,
Sumber Sari, Jember. Chicken liver was crushed and meshed using a blender and added sodium borate
buffer (0.1 M, pH 10) in a ratio of 1:10 as the crude extract. The chicken liver crude extract was
centrifuged at 13,000 rpm at 4 °C for 30 minutes. The pellet that was obtained was resuspended using
the same solvent. The pellet and supernatant were centrifuged at 15,000 rpm at 4 °C for 30 minutes to
obtain the combined supernatant.

The obtained supernatant was followed by parallel fractionation using ammonium sulfate (0—20%,
20-40%, and 40-60% saturation of ammonium sulfate). Solid (NH4)2SO4 is added slowly to the
supernatant at 4 °C under gentle stirring. Then the mixture was centrifuged at 12,000 rpm for 30
minutes at 4 °C. The uricase activity and protein content of pellet and supernatant were determined.
Then the ammonium sulfate residue in the optimum fraction was removed by dialysis overnight at 4
°C. The fraction was placed into cellophane bags and immersed in the same buffer. The buffer was
changed every 3 hours so that the diffusion process could continue.

The uricase assay was done by adding 2 ml of borate buffer (0.1 M, pH 8.5) into 0.02 ml of
uricase suspension and uric acid solution (3.57 mM, 0.01 mL), then incubated for 25 minutes at 37 °C.
The enzyme reaction is stopped using the temperature of boiled water. The uricase activity can be
determined from the amount of uric acid residue that is not degraded by uricase enzymatic reaction
using UV-Vis spectrophotometer method at 291 nm wavelength. A unit of uricase activity is equal to 1
umol degraded uric acid per minute under certain temperature conditions.

The protein content was determined using the Bradford method with Bovine Serum Albumin as
standard. The measurement was done by adding Bradford's reagent (1 mL) to the protein solution (0.1
mL) then being vortexed and allowed to stand for a while. After that, the absorbance was determined
using a UV-Vis spectrophotometer at 595 nm. The protein content was obtained from absorbance
conversion using standard curves [[14]]. The molecular weight of uricase was determined using SDS-
PAGE.
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3. Results and discussion
Uricase is an enzyme that can degrade uric acid into allantoin and H2O> for secondary products.
Uricase isolation was done in several stages like extraction and purification using fractionation and
dialysis. The determination of uricase molecular weight was also carried out by SDS-PAGE. The
extraction stage was carried out using centrifugation speed 13,000 rpm and 15,000 rpm. The activity of
the crude extract can be seen in Table 1.

Based on the extraction results, the highest uricase activity was obtained using centrifugation
speed of 15,000 rpm. The uricase activity in pellets was not used for the purification process because
the uricase activity in pellets was lower than in supernatants. The crude extract activity showed that the
centrifugation speed affected the uricase specific activity values. A greater centrifugation speed causes
many proteins other than the target protein to settle, so the other proteins are left in the supernatant in a
small amount and do not really interfere with the uricase activity. The extract with the highest uricase
activity was used in the fractionation optimization process. The uricase activity from the fractionation
optimization process can be shown in Table 2.

The uricase activity in pellets was not used for the purification process because uricase activity in
pellets was smaller than that of supernatants. The optimum fraction of both types of chicken liver lies
in the supernatant. This is because the size of the other proteins is larger than the target protein, so
when the ammonium sulfate is added, the protein with the larger size has been precipitated and leaves
the target protein in the supernatant.

The (20-40%) fraction was determined as the optimum fraction in broiler chicken liver with
uricase specific activity of 1.854 x 10 U/mg. This is consistent with the previous research which has
been done, the isolation of the uricase enzyme from Chlamydomonas reinhardtii using 25% saturation
of ammonium sulfate [[15]]. Uricase was isolated from soybean root nodules using 35% saturation
[[16]]. The fraction (40-60% saturation of ammonium sulfate) was determined as the optimum fraction
in native chicken liver with uricase specific activity of 2.496 x 102 U/mg. This is in accordance with
the previous study using 60% saturation of ammonium sulfate in isolation of uricase from C. utilis

[[17]1

The optimum fraction was used for the production stage or the isolation stage using a larger
volume with the same isolation technique. The uricase purity at the production stage is shown in Table
3. Table 3 shows that the uricase purity from the extraction process to dialysate has been increasing.
The increased uricase specific activity can be seen from the increase in purification fold. The uricase
specific activity of broiler chicken liver extract was 4.921 x 10* U/mg and increased to 3.989 x 1073
U/mg in the fractionation process. The dialysate also increased to 5.120 x 102 U/mg. The uricase
specific activity of native chicken liver extract was 2.980 x 10“ U/mg and increased during the
fractionation process by 1.415 x 102 U/mg. The dialysate also increased to 1.753 x 102 U/mg.
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Table 1. Extraction result

Enzyme
Volume Enzyme Activity - Protein Content Total Protein Specific
Sample (ml) (U/ml) Total Activity (U) (mg/ml) (mg) Activity
(U/mg)
Extract A/ 8 7.005 x10- 5.60 x102 30.325 3.791 2.310 x10*
13,000 rpm
Extract B/ 8 3.914 x103 3.13 x102 29.300 3.663 1.336 x10*
13,000 rpm
Extract A/ 5 4636 x10° 2.78 x10°2 0.290 0.048 1.599 x102
15,000 rpm
Extract B/ 5 4430 x10° 2.66 x10°2 0.687 0.114 6.452 x10°3
15,000 rpm

A: Broiler chicken liver; B: Native chicken liver

Table 2. Optimization of fractionation

Enzyme
. olume nzyme Activity otal Activity rotein Content - pecific
Sample Fraction Vol E Activi Total Activi Protein C P-Ir-giglln Specifi

P (ml) (U/ml) (8)) (mg/ml) (mg) Activity

g (UImg)
0-20 15 1.349 x107? 2.024 x107? 0.886 1.329 1.524 x1072
Supernatant A 20-40 1.3 1.607 x107? 2.089 x107? 0.867 1.127 1.854 x1072
40-60 1.05 5.872 x103 6.166 x1073 0.674 0.708 8.717 x10
0-20 1.5 6.490 x103 9.735 x103 1.214 1.821 5.344 x103
Supernatant B 20-40 1.3 8.550 x10° 1.112 x107? 1.352 1.758 6.326 x10°
40-60 1.05 1.628 x107? 1.709 x1072 0.652 0.685 2.496 x107
0-20 15 6.902 x103 4,601 x10° 1.207 1.811 5.717 x10°
Pellet A 20-40 15 4.430 x10°3 2.953 x10°3 2.448 3.672 1.810 x10°®
40-60 15 8.035 x103 5.357 x108 0.991 1.487 8.109 x103
0-20 15 3.502 x10 2.335 x10°® 1.337 2.006 2.619 x10°
Pellet B 20-40 15 1.751 x10°° 1.167 x10°® 1.921 2.882 9.115 x10*
40-60 15 5.666 x10°3 3.777 x10° 1.063 1.595 5.330 x103

A: Broiler chicken liver; B: Native chicken liver
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Table 3. Production

Protein Total Enzyme
Sample Volume Enzyme Activity Total Content Protein Specific Purification

P (ml) (U/ml) Activity (U) (mg/ml) (mg) Activity (fold)

g J (U/mg)
Extract A/15,000 rpm 32.3 1.545 x10°3 4.990 x107? 3.140 101.416 4.921 x10* 1.00
Fraction A 40% 16.5 5.872 x103 9.689 x102 1.472 24.285 3.989 x103 8.11
Dialysate A 5 1.236 x10°° 6.180 x10° 0.242 1.208 5.120 x10° 10.40
Extract B/15,000 rpm 30 9.271 x10* 2.781 x102 3.108 93.225 2.980 x10* 1.00
Fraction B 60% 16.1 2.987 x103 4.809 x102 0.211 3.400 1.415 %102 47.48
Dialysate B 5 3.090 x103 1.545 x102 0.176 0.882 1.753 x102 58.83

A: Broiler chicken liver; B: Native chicken liver

The results of uricase isolation using broiler chicken liver and native chicken liver have a smaller
specific activity value compared to the previous study which used aves family (Gallus gallus) liver as
an uricase source with the uricase specific activity of 0.030 U/mg [[18]]. This is due to differences in
centrifugation techniques. Isolation of uricase using Gallus gallus as a sample was carried out by
ultracentrifugation technique. The ultracentrifugation technique has more specific sample preparation
in separating proteins based on the layer of the cells compared to ordinary centrifugation techniques,
so that the protein from the uricase obtained is purer. The molecular weight of each isolation stage was
determined using SDS-PAGE. The electrophoregram is shown in Figure 1. Based on the
electrophoregram in Figure 1, the target protein is around 35 kDa. This is consistent with the previous
study which reported that the molecular weight of the avian uricase was 35 kDa [[5]]. Another study
also reported that the molecular weight of the uricase from Pseudomonas aeruginosa was 33 kDa
[[19]] and uricase from bovine kidney was 70 kDa [[13]]. The molecular weight difference of uricases
is due to the different species that they come from.
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Figure 1. SDS-PAGE result (C: extract; F: fraction; D: dialysate; A: broiler chicken liver; B: native chicken liver)
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4. Conclusions

Centrifugation speed with maximum uricase activity was 15,000 rpm with a value of 1.599 x 102

U/mg for broiler liver and 6.452 x 10 U/mg for native chicken liver. The optimum fraction for broiler
chicken liver was in the fraction (20-40%) with a value of 1.854 x 102 U/mg, while the native chicken
liver was in the fraction (40-60%) with a value of 2.496 x 102 U/mg. The dialysis process had a
maximum uricase activity of 5.120 x 10° U/mg for broiler liver and 1.753 x 102 U/mg for native
chicken liver. The uricase molecular weight was obtained for broiler and native chicken livers and was
around 35 kDa. The uricase produced from broiler and native chicken liver can not be applied to the
prevention of gout because it has a lower enzyme specific activity value than the uricase source from
Gallus gallus liver which is 0.030 U/mg.
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