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Abstract

This research included isolation of uricase from the seeds of leek (Al/ium
ampeloprasum ), celery(Apium graveolens) and arugula(Eruca sativa). Studied the
factors effecting its activity and determination of its molecular weight. One proteinous
peak had been isolated by gel filtration (using sephadex (G-100)) from the proteinous
supernatant obtained using ammonium sulfate saturation(70%). The apparent
molecular weight of the isolated enzymes using gel filtration chromatography were
(59600+ 209) Dalton for leek, (59430+ 221) Dalton for celery and (59800+ 190)
Dalton for arugula .

The results also showed that the optimum conditions for the activity of uricase
isolated from seeds of leek, celery and arugula obtained at (100 pg/ml) of enzymes
concentration using (100, 100 and 120 mmol/l) of uric acid as a substrate, with borate
buffer solution at pH (7.0, 7.0, 6.5 ) for (15) minutes at (40, 40 and 35 °C)
respectively. Using Line Weaver—Burk plot, the values of maximum velocity (Vmax)
and Michaelis constant (K,,) were from to be (33.3 umol/ min) and (83.3 mmol/l) for
leek, (40 pmol/ min) and (285.7 mmol/l) for celery while (27 pmol/ min) and (166.6
mmol/l) respectively for arugula.

When using 100 mM chemical compounds for mercuric chloride(HgCl,),
ferrous chloride (FeCly) and ethylene diamine tetra acetic acid (EDTA) showed
decreased the activity of the enzyme, but calcium chloride (CaCly), manganese
sulphate (MnSO,), magnesium sulphate (MgSO,) and potassium chloride (KCI)
increased the activity .
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Introduction

Uricase (urate oxidase, EC
1.7.3.3, UC) is an enzyme in the purine
degradation pathway that catalyzes the
oxidative breakdown of uric acid to
allantoin. This enzyme is found in
mammals'”, plants®, fungi , yeasts®
and bacteria®. All mammals produce
uricase, except humans and certain
primates ©). Indeed, during evolution,
uricase was inactivated in humans
primarily due to missense and frame-
shift mutations in the gene encoding
this enzyme(6) .

When increase of  urate
precipitates in soft tissues in the form
of sodium urate crystals and absence of
urate-lowering treatment, these urate
deposits accumulate, causing the
clinical symptoms of gout (flares,
tophi, and urate arthropathy). Elevated
serum uric acid concentration has
been associated with, a significantly
increased cardiovascular risk 7,

idiopathic calcium urate
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nephrolithiasis(g), and renal failure®. A
high level of uric acid was related to
leukemia in children'?.

Uricase is useful for enzymatic
determination of wurate in clinical
analysis by coupling with 4-
aminoantipyrine-peroxidase system''".
Urate oxidase can be also used as
protein drug to overcome severe
disorders induced by uric acid
accumulation’”. Immobilized UC can
be used as a uric acid biosensor . It
is also used as an additive in
commercial formulations of hair
coloring agents"'?.

In patients with gout, the bulk
of uric acid crystallized in joints and
soft tissues is much greater than its
circulating amount. = Conventional
urate-lowering agents such as xanthine
oxidase inhibitors (allopurinol,
febuxostat) or uricosuric  agents
(probenecid, benzbromarone)"” (Fig.
1) induce very slow reduction in uric
acid deposits.
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Figure 1: Mechanism of action of urate-lowering agents

Leek (Allium ampeloprasum)
used for the treatment of constipation,

asthma, hemoptysis, goat, obesity,
hemorrhoids, headache and as a
diuretic, emmenagouge and
aphrodisiac''®. Celery (Apium
graveolens)  containing  powerful
healing factor and active component in
response  to investigations by

researchers seeking to explain some of
the medicinal used as antibacterial,
anti-inflammatory, condiment,
carminative, diuretic and for treatment
of bronchitis, asthma, rheumatism,
arthritis, urinary calculi, constipation
as well as liver and spleen disorders!"”.
Arugula (Eruca sativa) 1s used as a
diuretic, stimulant, and in the treatment
of stomach disorders and scurvy''Y.
The seeds and tender leaves are known
in Arabian countries to increase sexual
desire and are considered to be an
aphrodisiac. It is also used as a
carminative and to alleviate abdominal
discomfort and improve digestion. It
has been reported that the ethanolic
extract of seed possesses potent
antioxidant and renal protective and
diuretic activities""* 2% .

The aim of this research is to
provide a detailed study of involving
isolation and purification of UC from
leek (Allium ampeloprasum), celery

342

(15)

(Apium  graveolens) and arugula
(Eruca sativa) using biochemical
techniques and study the factors

effecting the activity of enzyme and
determination of its molecular weight.

Materials and Methods
Assay the activity of uricase

Uricase activity was measured
according to the procedure described
by Adamek er al. *. To 2 ml of a
solution containing uric acid (10 pg
per ml of borate buffer 0.2 M, pH 8.5),
0.8 ml of water and 0.1 ml of crude
enzyme at 25 °C were added. After 10
min, 0.2 ml of 0.1 M potassium
cyanide solution was added to the
mixture to stop the enzyme reaction. In
the reference sample, the solution of
potassium cyanide was added to the
mixture before the addition of the
crude enzyme. The absorbance of both
samples was measured at 293 nm. The
difference between absorbance of the
sample and reference is equivalent to
the decrease in uric acid during the
enzyme reaction. One unit of UC
enzyme was equal to the amount of
enzyme which converts 1 pmol of uric
acid to allantoin per min under
optimum conditions.
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Purification steps of uricase from
seeds of leek, celery and arugula

The method given here has
yielded an enzyme  preparation
acceptable for three types of vegetables
seeds. All steps were performed at 4 °C
unless stated otherwise.

Step I: Collection of leek (Allium
ampeloprasum ),

celery(Apium graveolens) and

arugula(Eruca sativa)

The seeds of leek (Allium
ampeloprasum), celery (Apium
graveolens) and arugula (Eruca sativa)
were collected from locality market in
Mosul city and it was classification in
Mosul university/College of science/
Biology department. Seeds for each
vegetable weighting 50 g were grinded
in an electrical blender into a fine
powder and mixing in a cold mortar
with distilled water. The plant material
was frozen in liquid nitrogen three
times and stored at -20° C or
directly wused for the determination.
The samples were centrifuged at
13,000 X g for 15 min at 2-5°C. The
supernatants were used in protein®?
and enzyme assays'".

Step II: Ammonium
fractionation

A supernatant was obtained
from the seeds of (Leek, celery and
arugula) and protein was precipitated
using  70%  ammonium  sulfate
(NH4)2SOy4 saturation (Protein salting
out)® ¥ Solid (NH,4),SO4 was added
slowly to the supernatant with gentle
stirring on ice bath until the required
saturation of ammonium sulphate was
reached after which the mixture was
allowed to stand at 4°C overnight®> 2%

sulfate

Step III: Cooling ultracentrifuge
separation

Each suspension from step 1I
was centrifuged at 9,000 Xg for (45)

min at -4°C. The protein in precipitate
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and supernatant were determined using
the modified Lowry method®?, uricase

activity ~ was determined in each
fraction®").
Step IV: Gel filtration

chromatography using Sephadex G-
100

The sephadex gel G-100
supplied as a powder was suspended in
adequate distilled water so that when it
was stirred incorporated air bubbles
that escape rapidly to the surface. It
was then allowed to swell for 3 hours
at 90 °C in a complete swelling **.

In the present study, the
columns dimension was 2.0x117 cm
which contained a gel sephadex height
of (114) cm. The exclusion limit for
sephadex G-100 1s (150000) Dalton
@4 Depending on the volume of this
column which was 358 ml, it was
packed with a slurry of the gel in water

A concentrated sample (4) ml of
the protein precipitate (10 mg/ml) (by
freeze-dryer technique), which was
obtained in (Step III), was applied on
the top of a bed sephadex G-100,
followed by distilled water®®.

The elution of the protein
materials was carried out at a flow rate
(48)ml/ hour with a definite time (5)
min. was used distilled water as eluant.
The fractions collected using a fraction
collector apparatus which was worked
on minute system. The protein
compounds in each fraction collected
were detected by following the
absorbance at wave length (280) nm
using UV/Visible Spectrophotometer.
The peaks was combined separately
from the plot of an absorbance versus
elution volumes with determined of
UC in each fraction®".

Step V: Freeze-dryer
(Lyophilization) technique

The enzyme fraction which was
obtained from gel filtration was dried
using Lyophilization technique to
obtain a powder or a concentrated
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protein. The enzyme was kepted in a
deep freeze at -20°C in a tight sample

tube to be wused for the further
investigations.
Results and Discussion
Enzyme purification
Many sources of UC are

available, but commercial production
may be hampered by low productivity
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sativa), are good source for the
enzyme. The results (Table 1, 2 and 3)
are show increase folds of purification
when UC was precipitate by
ammonium sulphate 70%, agreement
with those of Saeed who found that
uricase enzyme was purified from P.
aeruginosa using ammonium sulphate
(70% saturation) > and agreement
with those of Mabrouk et al.*® who

and difficulties in protein purification

for clinical applications

(27, 28)

, isolation

of uricase from seeds of leek (Al//ium
ampeloprasum ),

graveolens)

and

celery

arugula

(Apium
(Eruca

found that G. Guoguricase enzyme
was purified using ammonium sulphate

(70%

saturation).

Supernatant was

neglected for the time, because of their
low activity.

Table 1: Partial purification steps of uricase from the leek (Allium ampeloprasum).

Volume | Protein Total Total Specific Folds of Recover
Purification stage | taken conc. Protein | activity activity Purificati o, y
(ml) | (mg/ml) | (mg) (U*) | (U/mg protein) | ¥urification o
Extraction crude 170 2.87 487.9 27.608 0.057 1 100
Precipitate by
(NH,),S04(70%) 127 1.38 175.26 23.39 0.133 2 84.7
Supernatant 45 0.89 40.05 1.4 0.034 1 5.1
Sephadex G-100 13.84
(Fractions) Peak A 80 0.173 19.0 1.37 24 68.8

U*: Unit of UC enzyme was equal to the amount of enzyme which converts

one pmol of uric acid to allantoin per min under optimum conditions.

Table 2: Partial purification steps of uricase from the celery (Apium graveolens)

Total

Volume | Protein Total Specific Folds of Recover
Purification stage | taken conc. Protein | activity activity Purificati o, y
(mh) | (mg/mD | (mg) (U*) | (Umgprotein) | @ Urification o
Extraction crude 200 2.31 462 15.115 0.033 1 100
Precipitate by
(NH,),S0,(70%) 115 1.44 165.6 13.294 0.08 2 87.95
Supernatant 86 0.93 79.98 1.41 0.018 1 9.3
Sephadex G-100
(Fractions) Peak A 48 0.171 8.21 9 1.1 33 59.54

U*: Unit of UC enzyme was equal to the amount of enzyme which converts
one pumol of uric acid to allantoin per min under optimum conditions.
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Table 3: Partial purification steps of uricase from the arugula (Eruca sativa).

Volume | Protein Total Total Specific Folds of Recover
Purification stage | taken conc. Protein | activity activity Purificati o, y
(m) | (mg/ml) | (mg) (0] (U/mg protein) | = trrication °
Extraction crude 150 1.91 286.5 17.18 0.06 1 100
Precipitate by
(NH,),S0,(70%) 130 1.01 131.3 14.318 0.11 2 83.3
Supernatant 23 0.49 11.27 0.4 0.035 1 2.3
Sephadex G-100
(Fractions) Peak A 64 0.298 19.1 12 0.63 11 69.84

U*: Unit of UC enzyme was equal to the amount of enzyme which converts one pmol
of uric acid to allantoin per min under optimum conditions.

Gel filtration separations

This technique was applied to
separate the protein as a source of
enzyme, which was obtained by using
a column containing sephadex G-100
as shown in (step IV)“®. The result
(Figures 2,3 and 4) indicated that there
was mainly one peak eluted from
sephadex G-100 (Peak A) that showed

UC activity. The elution volume of
peak (A) was (143.5) ml for Leek,
(144) ml for celery and (143) ml for
arugula. The folds of purification (24,
33 and 11) for leek (Allium
ampeloprasum), celery (Apium
graveolens) and arugula (Eruca sativa)
respectively (Table 1, 2 and 3).
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Figure 2: Elution profile uricase for seeds of leek (A/lium ampeloprasum)
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on sephadex G-100.
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Figure 4: Elution profile UC for seeds of arugula (Eruca sativa) on sephadex G-

Molecular weight determination of
UC by gel filtration

The molecular weight of first
peak (A) as a source of UC was
determined by gel filtration

100.

chromatography using sephadex G-100
column (2.0x117)cm calibrated with
known molecular weight proteins that
are listed in Table (4).
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Table 4: Elution volumes of known molecular weight materials on sephadex G-100.

Materials Molecular Elution volume
weight (Dalton) (ml)
Blue dextran (Void volume(}-)) 2000000 87
Bovine serum albumin 67000 97
Egg albumin 45000 137
Trpsin 36000 145
Insulin 23000 293
Tryptophan (Internal volume(}%)) 204 377
Unklfown (peak A ) from 50614 1435
Allium ampeloprasum
Unkno.wn (peak A ) from 59479 %144
Apium graveolens
Unknown (peak.A ) from 59799 55143
Eruca sativa

*This value was obtained from Figure (2). **This value was obtained from
Figure (3).
*#*This value was obtained from Figure (4).

A plot of logarithmic molecular weight of each material versus the elution
volumes indicated in Table (4) gives a straight line as illustrated in Figure (5).

5

45 -

y=-0.0027x + 5.1628
R?=0.9892

Log M.wt

3.5

25

100 150 200 250 300 350

Elution Volume (ml)

Figure 5: A plot of the logarithm molecular weights of known proteins versus
elution volume on a sephadex G-100.

The molecular weight of + 221)Dalton for celery and (59800 +

unknown protein compound separated
by the column chromatography as
shown in (step IV) was determined
from the standard curve, which was
represented by Figure (5). The
comparative molecular weight of peak
(A) of UC are approximately equal to
(59600 + 209)Dalton for leek, (59430

347

190) Dalton for arugula . This finding
was in a agreement with the previous
results where it was found and reported
that the molecular weight of purified
UC from E. coli and Gliomastix
gueg were 60000 Dalton® > and from
Pseudomonas aeruginosa was 68000

Dalton . In another study, the
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molecular weight of the UC was
estimated to be 34000 -54000 Dalton
G132 Urjcase from different sources
may have different molecular masses
and amino acid sequences 2.

Optimum Conditions for Uricase
Activity

To develop assay conditions
where UC from seeds of leek (Allium
ampeloprasum ), celery (Apium
graveolens) and arugula (Eruca sativa)
shows a maximum activity, a series of
experiments were performed. These
included enzyme concentration, pH of
the assay conditions, incubation time,
incubation temperature and substrate
concentration™.

Several investigators®”
studied the optimal temperature and
pH for UC from microorganisms. The
effect of various carbon and nitrogen
sources on the formation of UC by

34)
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microorganisms was studied by several
27,34
authors 73439,

1.Effect of enzyme concentration on
uricase activity:

It is important to establish that
the activity varies linearly with enzyme
concentration. The activity of enzyme
was measured in the presence of
different concentrations of partially
purified enzyme from seeds of
vegetables between (0-180) pg/ml as
shown in Figure (6).

The result indicated that the
enzyme activity increased  with
increasing the concentration of protein
as a source of the enzyme a good
agreement with Aly er al.°®. For the
next experiment (100)ug/ml, as a
source of the enzyme was selected for
determination other optimum
conditions .

uc (U/L)

Arugula(Eruco so

—— Leek{Allium ampeloprasum }

25 —8— Celery(Apium graveolens)

tiva)

0 20 40 60

80

Protein concetration as source of UC (lg/ml)

100 120 140 160 180 200

Figure 6: Effect of different protein concentrations on UC activity

2.Effect of pH on the uricase
activity:

The influence of pH upon the
activity of UC was investigated by
using (100 pg/ml) as a source for
enzyme in (0.2) mol/liter borate buffer.
The assay conditions were conducted
in the same manner as described earlier
at pH range of (5.0 - 9.0). Maximum
UC activity was obtained at pH (7.0,
7.0 and 6.5) for leek, celery and
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arugula respectively as indicated in
Figure (7). Extremes of pH above of
7.0 can lead to denaturation of the
enzyme and decreased activity,
because the structure of the
catalytically active site for enzyme
depends on the ionic character of the
amino acid side chains'”.

In other studies the alkaline
medium (pH 9.0 and 8.0) were the best



Iraqi National Journal of Chemistry, 2014, volume 55

for the experimental fungi and higher
temperatures (45° and 35°C) ©7, and
from E. coli showed an optimal pH and
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(3%

al.(zs), Rajoka et al. ,
(39)

Khucharoenphaisan and Sinma,
who founds that purified enzyme

temperature of 8.0 and 37°C, exhibited maximum uricolytic activity
respectively®”, beside of Saced et at pH 9.0 and 8.5 respectively.
o= Leek (Allium ampeloprasum |
- _a Celery{Apium graveolens)
Arugula(Eruca sativa)
S, 15
o
=]

N

h

4.5 55

6.5 8.5 9.5

pH

Figure 7: Effect of pH on UC activity using
pg/ml) as a source for the enzyme.

3. Incubation time as a function of
enzyme activity

To determine the incubation
time of UC activity under assay
conditions, a series of experiments

(0.2)mol/liter borate buffer and (100

were performed at different time
intervals. The results indicated that
maximum  enzyme  activity = was
obtained after 15 min (Figure 8).

uc (u/L)

= Leak (Allium ampeloprasum }

—a Celery|Apium graveolens)

ArugulalEruca sa

tiva)

Time (mint)

Figure 8: Effect of incubation time on UC activity.

4.Effect of temperature on uricase
activity:

It has been found that as the
temperature increased, there was a
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concave up increase in the enzyme
activity until it reached a maximum
value at a temperature of (40 °C) for
leek (Allium ampeloprasum ) and
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celery (Apium graveolens) and (35 °C)
for arugula (Eruca sativa) then
dropped gradually after that (Figure 9).
This increase is the result of the
increased number of molecules having
sufficient energy to pass over the
energy barrier and form the products of
the reaction. Further elevation of the

Gsmadlly Gaalall aaall 2014 e LasS o el dgila gl 4 jall Alnal

temperature results in a decrease in
reaction velocity as a result of
temperature-induced denaturation of
the enzyme . In other study, the
optimum temperature was at 30°C at
pH 8.0 for UC isolated from
Gliomastix gueg ® .

=+ Leek (Allium ampeloprasum )

uc (u/L)

Temperture (°C)

Figure 9: Effect of temperature (°C) on UC activity.

The recent study also reported
that the maximum activity of purified
UC produced by Gliomastix gueg was
optimized at 35°C temperature at 9.0
pH®, and the optimum temperature
and pH for UC activity of
Saccharopolyspora sp. PNRI11 was
37°C and 8.5 ©?). In other research, the
optimum temperature and pH was
30°C and 8.5 for purified UC produced
B%,) Microbacterium sp. strain ZZJ4-1
5.Effect of substrate concentration

on the enzyme activity:

The effect of  substrate
concentration (uric acid) on the
enzyme activity was determined. Line
Weaver-Burk was plotted by drawing
the reciprocal of the initial velocity
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versus the reciprocal of the substrate
concentration. A linear relationship
were obtained Figures (10, 11, 12) the
values of maximum velocity (Vmax) and
Michaelis constant (K;) were (33.3
pmol/ min) and (83.3 mmol/l) for leek,
(40 umol/ min) and (285.7 mmol/l) for
celery while (27 pmol/ min) and (166.6
mmol/l) respectively for arugula .

In others studies, the K., value
from leaves of chickpea (Cicer
arietimum L.), broad bean (Vicia faba
major L.), and wheat (Triticum
aestivum L.) was equal to (9 — 24)
umol @ and reached to 0.033922
mmol/ min for UC from gram
negative bacteria®?, and from fungi 4.
flavus was reached to 8 pmol/min “*% .
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Figure 10: Line Weaver-Burk plot of partially purified UC from leek (Allium
ampeloprasum ) .
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Figure 11: Line Weaver-Burk plot of partially purified UC from celery
(Apium graveolens) .
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Figure 12: Line Weaver-Burk plot of partially purified UC from arugula
(Eruca sativa).
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(Allium ampeloprasum ), celery
(Apium graveolens) and arugula
(Eruca sativa) are shown in the
following Table (5):

6. Optimum conditions of the
purified uricase :

The optimum conditions of
the purified UC from seeds of leek

Table 5: Optimum conditions of the purified UC .

Enzyme Time Temp. K., Vinax
Type of vegetables seeds | 0 "ompy | PH | (min) ©C) | (mmol/lliter) | (umol/min)
Allium ampeloprasum 100 7.0 15 40 83.3 33.3
Apium graveolens 100 7.0 15 40 285.7 40
Eruca sativa 100 6.5 15 35 166.6 27

7. The effect of some chemical
compounds on the enzyme
activity:

The results showed decreased
activity of enzyme in the presence of
(100 mM) for mercuric
chloride(HgCL),  ferrous  chloride
(FeCl) and ethylene diamine tetra
acetic acid (EDTA) (Table 6), but

increased activity of enzyme in
calctum chloride (CaCl), manganese
sulphate (MnSOy), magnesium
sulphate (MgSO,4) and potassium
chloride (KCl) especially when

calcium chloride was used (Table 6) .

The earlier study reported that
metal ions such as Co>", Mg®" and Fe**
reduce the enzyme activity and
maximum increasing of

UC activity was indicated in
the presence of Ca*" ions ®. The
previous study also reported that the
inhibition of UC activity was noticed
with Co®", Fe* and Zn*" and enhanced
with Cu*" and Ca®" ®. While, the
effect of metal ions on UC activity
produced from Microbacterium sp.
strain ZZJ4-1 showed that, Mn*>" Fe’”,
Zn*" and Ca®™ had no inhibitory
activity on UC enzyme “%.
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In other study, it was shown
that among the metal ions, Li’, Ag" ,
Hg" and EDTA significantly inhibited
the enzyme activity whereas Ca™ and
Fe™ enhanced significantly UC
activity isolated from Streptomyces
exfoliates®®. While, the UC isolated
from Pseudomonas aeruginosa showed
the metal ions such as Co’’, Mn*",
Mg®", Fe*, Zn*" and Cu®" were
reduced the enzyme activity to
33.17%, 92.18%, 72.47%, 32.73%,
64.32% and 90.10%, whereas Ca’’
enhanced UC activity to 126% ).

Some uricases require certain
metal ions or cofactors that are
strongly bonded and form part of the
uricase structure. These ions are very
important for maintaining maximum
catalytic activity™ . Li", Ag", and Hg"
ions and the chelating reagent (20 mM
EDTA) greatly inhibited the enzyme
activity. In some cases, uricase can

exist as a tetramer of identical
subunits, each containing 2 copper-
(44)

binding sites
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Table 6 : Effect of chemical compounds on UC activity.

Chemical Leek (Allium ampeloprasum ) Celery (Apium graveolens) Arugula (Eruca sativa)
compounds Uricase *% Inhibition or | Uricase activity | **% Inhibition | Uricase activity | ***% Inhibition
(100 mM) activity (U/L) Activation (U/L) or Activation (U/L) or Activation
EDTA 16.21 -22.44 7.35 -32.56 10.01 -27.46
Mercuric
chloride(HgCl,) 10.13 -51.53 4.63 -57.52 8.98 -34.92
Ferrous chloride
(FeCl,) 16.03 -23.30 7.94 -27.15 8.74 -36.66
Manganese sulphate
+ . +20. . +15.
(MnSO,) 23.2 11.0 13.1 20.18 15.91 15.29
Calcium chloride 28.91 13832 18.95 +73.85 20.32 +47.24
(CaCly)
Magnesium
+ . +66. . +9.
sulphate (MgSO,) 24.9 19.13 18.1 66.05 15.05 9.06
Potassium chloride
+ . +46. . +22.
(KCI) 21.4 4.9 15.93 46.14 16.92 22.61

* The value of uricase activity for Leek (Allium ampeloprasum ) from optimum condition of enzyme (20.9 U/I).
** The value of uricase activity for Celery (Apium graveolens) from optimum condition of enzyme (10.9 U/I).
*#% The value of uricase activity for Arugula (Eruca sativa) from optimum condition of enzyme (13.8 U/I).
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