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Abstract This study involved separating and partially purifying the 5’-Nucleotidase enzyme isoforms from the sera
of patients with renal failure. The purification process consisted of several steps, beginning with precipitation using 30%
ammonium sulfate, resulting in a purification fold of 1.2625 and an enzyme yield of 65.63%. This was followed by membrane
filtration using a buffer solution, achieving a purification fold of 1.651 and an enzyme yield of 49%. The protein fraction
separated from the dialysis bag was then passed through a gel filtration column, reaching a purification fold of 51.88 and an
enzyme yield of 43.1%. The enzyme isoforms from the separated protein fraction were further separated using gel filtration,
employing ion-exchange chromatography techniques. This resulted in three isoforms of the 5’-Nucleotidase enzyme with
varying degrees of purity, the highest for isoform. at 2.297-fold. The study also included kinetic studies of the enzyme purified
by gel filtration, which involved determining the Km value under the influence of varying concentrations of the enzyme’s
substrate, 5’-AMP, for the purified enzyme from the sera of patients with renal failure, which was found to be 12.4. The effects
of temperature, pH, and reaction time on enzyme activity were also studied.
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1. Introduction
Renal failure represents the condition where the kidneys
become incapable of removing metabolic end products from
the blood, resulting in a loss of balance and regulation of
extracellular body fluids and ions [1]. The prevalence rate of
renal failure is estimated to be between 8-16%, making it one
of the most widespread diseases globally [2]. Historically, it
was referred to as Uremic poisoning, primarily due to signif-
icant symptoms accompanying renal failure: elevated levels
of urea and creatinine in the blood [3]. It signifies a sub-
stantial decline in kidney function that is irreversible, leading
patients to rely entirely on alternative renal treatments. These
treatments include either dialysis or kidney transplantation to
avert the life-threatening Uremic Syndrome [4]. A significant
indicator of deteriorating kidney function is the decline in the
Glomerular Filtration Rate (GFR) [5]. Major causes leading
to renal failure include pathogenic infections, genetic factors,
and complications arising from surgeries that inhibit normal
blood flow to the kidneys for extended periods [6]. Renal
failure is classified into two main categories; 1) Acute Renal
Failure (ARF) and 2) Chronic Renal Failure [7].

The enzyme 5’-NT belongs to the hydrolase class (EC
3.1.3.5). It is pivotal in controlling energy balance, regulating
metabolic processes, and cell replication and division [8].
The 5’-Nucleotidase enzyme is a degradation enzyme result-
ing from nucleotide metabolism. It functions by removing
phosphate from Deoxyribose monophosphate, and Ribonu-
cleoside monophosphate, i.e., dephosphorylating the inor-
ganic phosphate (Pi) esterified to the carbon atom number [5]
of ribose or deoxyribose nucleoside molecules [9]. The 5’-
NT enzyme is crucial in regulating nucleotide accumulations
inside cells to maintain DNA composition and RNA synthe-
sis [10]. This glycoprotein enzyme is integral to the plasma
membrane in a broad and diverse group of mammalian cells
[11]. It catalyzes the hydrolysis of 5’-Adenosine monophos-
phate (5’-AMP) into adenosine and phosphate. Adenosine
participates in numerous biological processes, such as va-
sodilation or vasoconstriction [12], acts as a neuromuscular
factor, and is also involved in immunosuppression and cell
proliferation processes [13].

Additionally, the 5’-NT enzyme plays a role in the
cell’s Microfilaments system [14]. The 5’-NT enzyme is
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widely distributed in vertebrate tissues and mammalian cells’
plasma membrane, playing a fundamental role in nucleotide
metabolism [15]. Several comprehensive studies on 5’-NT
enzyme have been conducted on laboratory animals like
mice, proving its presence in various body parts such as the
pituitary gland, thyroid and parathyroid glands, mammary
glands, kidneys, liver, lungs, brain, and the nervous system
[16]. There are seven isoforms of the 5’-NT enzyme. While
they operate similarly on the substrate, they differ in their
polypeptide chains and amino acid content. The activity
of these enzymes entirely depends on the magnesium ion
(Mg+2) and is inhibited by inorganic phosphate (Pi). These
enzymes possess the same enzymatic activity and substrate
specificity but differ in chemical, physical, and immunologi-
cal properties [17].

2. Materials and Methods
A. Partial Purification of 5’-Nucleotidase from Blood Serum
The enzyme 5’-nucleotidase was purified from blood serum
using the following steps:

1) Ammonium Sulfate Addition
Blood serum proteins were precipitated using graded concen-
trations of 1.5gm of ammonium sulfate (30%) to 5ml of blood
serum over 45-60 minutes, with the serum container placed
in ice and stirred continuously. The precipitate was separated
using a centrifuge at 3000 rpm for 15 minutes. The precipitate
was dissolved in 2.5ml of Tris HCl buffer solution (PH7.2,
50mM).

2) Dialysis (Membrane Separation)
Dialysis is one of the most essential and oldest methods used
in enzyme purification. Its primary purpose is to remove
the remaining ammonium sulfate used for protein precip-
itation. The dissolved protein from the previous step was
placed in a dialysis bag, and its 5’-NT enzyme activity was
measured. The bag was immersed in the Tris HCl buffer
solution (50mM, PH 7.2), with the solution changed peri-
odically overnight. The dialysis process was performed at
4◦C to maintain the 5’-NT enzyme activity. After completing
the dialysis, the enzyme activity was measured using the
Fisk&Subbarow method.

3) Gel Filtration Chromatography
The concentrated enzyme obtained from the dialysis bag was
gradually added to the surface of a sepharose 6B column in a
glass column with a diameter of 1.5cm and a length of 20cm.
The column was washed with ample amounts of Tris HCl
buffer solution (50mM, PH 7.2) until a flow rate of 1ml/min
was achieved. The eluted fractions were collected after the
completion of the column run, and the 5’-NT enzyme activity
and protein concentration were measured for each fraction.

4) Ion Exchange Chromatography
The concentrated enzyme from the previous steps was added
to a DEAE Cellulose A- column in a glass column with a

diameter of 2cm and a length of 23cm. The resin column was
washed with 40ml of Tris HCl buffer solution until a flow rate
of 2ml/min was achieved. The separation process began using
the buffer solution (50mM, PH 7.2) containing increasing
concentrations of NaCl. The eluted fractions from the column
were collected in 5ml volumes. After collecting all fractions,
the 5’-NT enzyme activity and protein concentration were
measured.

B. Kinetic Studies of 5’-Nucleotidase
The kinetic properties of the 5’-nucleotidase enzyme were
studied after separating and purifying it from blood serum
using gel filtration chromatography. This included:

1) Effect of Substrate Concentration (5-Adenosine
Monophosphate (5’-AMP))
The effect of different concentrations of the substrate 5’-
AMP on the 5’-NT enzyme activity was studied. Concentra-
tions of (10,20,30,40,50,60)mM were prepared to determine
the optimal substrate concentration for the enzyme. The re-
action rate was measured using the Fisk&Subbarow method.
The relationship between reaction rate and substrate con-
centration was plotted to determine the maximum reaction
velocity, Vmax.

2) Determination of Michaelis-Menten Constant (Km)
To determine the Km value for the substrate 5’-AMP specific
to the 5’-NT enzyme, the method mentioned above was used.
The Km values were determined using the Lineweaver–Burk
plot (1/V vs. 1/[S]).

3) Effect of pH
The optimal pH for the 5’-NT enzyme activity was deter-
mined by altering the buffer’s pH. The pH values studied
were (6.4,6.8,7.2,7.6,8). The reaction mixture contained a
40mM concentration of the substrate 5’-AMP, maintained
at 37◦C, and the enzyme activity was measured. The re-
lationship between enzyme activity and pH was plotted to
determine the optimal pH.

4) Effect of Temperature:
The Fisk&Subbarow method was used to measure the 5’-
NT enzyme activity while changing the reaction tempera-
ture. The temperatures studied were (17,27,37,47,57)◦C. The
reaction mixture contained a 40mM concentration of the
substrate 5’-AMP.

5) Effect of Reaction Time on 5’-NT Enzyme Activity
The effect of reaction time on 5’-NT enzyme activity was
studied using a 40mM concentration of the substrate 5’-
AMP at time intervals of (10,20,30,40,50,60,70) minutes,
maintained at 37◦C in the presence of the buffer solution
(50mM, PH 7.2). The relationship between enzyme activity
and time was plotted to understand the time effect on enzyme
reaction rate.
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Figure 1: Partial purification of the enzyme 5’-NT from the
serum of patients with kidney failure using gel filtration with
Sepharose 6B

3. Results and Discussion
The partial purification of the enzyme 5’-NT and the separa-
tion of its isoenzymes from patients with kidney failure have
been achieved, with the results summarized in Table 1.

Table 1 shows the various steps undertaken in the pu-
rification process and the corresponding results. Each step
displays the volume eluted, the enzyme activity in IU/L,
the total enzyme activity, the protein concentration in mg/L,
the total protein concentration in mg, the specific activity
in IU/mg, the fold increase in purification, and the yield
percentage. The table shows that the purification process
effectively concentrated the enzyme while reducing the pro-
tein concentration, leading to a higher specific activity as
purification proceeded. The final three rows represent the
specific activities of three isoenzymes of 5’-NT separated
in the process. The purification process started with the
crude serum showing a specific activity of 0.0381 IU/mg.
As the purification steps progressed, the specific activity
increased, indicating the effectiveness of the purification
process. When the isoenzymes were separated, their specific
activities ranged from 0.0749 to 0.0875 IU/mg, significantly
higher than the starting crude serum. In terms of yield, there
is a gradual decrease from 100% in the crude serum to
33.63% in isoenzyme III. This is expected as some enzyme
activity is lost during the purification process. Overall, the
presented results demonstrate the successful purification of
5’-NT from the blood serum of kidney failure patients and
the separation of its isoenzymes. Further studies can delve
deeper into the roles and significance of each isoenzyme in
kidney failure conditions.

After obtaining the partially purified enzyme through gel
filtration, it was passed through the DEAE-Cellulose A-50
resin column to separate the 5’-NT isoenzymes using ion
exchange chromatography (Figure 1). Three isoenzymes (I,
II, III) were obtained after adding 150 of the buffer. The
elution process began with ascending concentrations ranging
from 0.05M to 0.4M of the saline solution NaCL, achieving
closely related purity levels. The purities for the isoenzymes
(I, II, III) reached 1.966-fold, 2.144-fold, and 2.297-fold,
respectively, with enzymatic yields of 36.5%, 34.63%, and
33.63% for each isoenzyme consecutively, as illustrated in
Figure 2.

Figure 2: Separation of 5’-NT enzyme isoenzymes from the
serum of patients with kidney failure using ion exchange
chromatography with DEAE-Cellulose A-50

Figure 3: Relationship between the activity of the 5’-NT
enzyme and different concentrations of the substrate

These results align with findings by Al-Salhi et al. [18] and
Al-Taii [19] which reported the presence of three isoenzymes
of 5’-NT in patients with anemia and diabetes, respectively.
Kinetic Properties of the 5’-Nucleotidase Enzyme Partially
Purified by Gel Filtration from the Serum of Kidney Failure
Patients:

A. Optimal Concentration of the Substrate 5’-AMP and
Determination of Km
The effect of the substrate concentration 5’-AMP on the en-
zyme reaction rate of the partially purified enzyme, separated
from the Sepharose 6B gel filtration column, was studied
to determine the optimal substrate concentration of 5’-AMP.
The graph for the enzyme shows an increase in the 5’-NT
enzyme reaction rate with increasing concentrations of 5’-
AMP until reaching the maximum speed at a concentration of
40mM. Beyond this concentration, the reaction rate decreases
at higher concentrations (concentrations higher than the op-
timal substrate concentration). As illustrated in the Figure 3,
the enzyme purified from the gel filtration step conforms to
the Michaelis-Menten equation, where the resulting plot is
hyperbolic. This observation is consistent with the findings
by Al-Tai [20] and Brouwer et al. [21].

The Lineweaver-Burk linear method was employed to cal-
culate the Km value of the 5’-NT enzyme purified by gel fil-
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STEP Elute (ml) Activity (IU/L) Total
Activity (IU)

Protein
Conc. (mg/L)

Total Protein
Conc. (mg)

Specific
activity (IU/mg)

Degree of
purification (Fold) Yield %

Crud serum 5 32 0.16 840 4.2 0.0381 1 100
Ammonium sulphate 3.5 30.12 0.105 623 2.181 0.0481 1.2625 65.63

Dialysis 3 26.09 0.0783 415 1.245 0.0629 1.651 49
Gell filtration 3 22.95 0.0689 320 0.969 0.0718 1.885 43.1

lightgray(Ion exchange) DEAE-Cellulose A50
Isoenzyme I 3 19.46 0.0584 260 0.78 0.0749 1.966 36.5
Isoenzyme II 3 18.47 0.0554 226 0.678 0.0817 2.1444 34.63
Isoenzyme III 3 17.94 0.0538 205 0.615 0.0875 2.297 33.63

Table 1: Summary of Partial Purification and Isoenzyme Separation of 5’-NT in Patients with Kidney Failure

Figure 4: Lineweaver-Burk plot for calculating the Km of 5’-
NT enzyme purified from patients with kidney failure

Figure 5: Effect of temperature on the reaction rate of the
partially purified 5’-NT enzyme

tration. The Km value was determined using the Lineweaver-
Burk method, as illustrated in Figure 4. The Km value
was 12.4 millimolar for the enzyme purified using the gel
filtration technique. Meanwhile, in a study by Khorsheed et
al. [22] on the 5’-NT enzyme in anemia patients, they found
a different value for the Km.

B. Effect of Temperature on the Activity of the 5’-NT Enzyme
The results showed that the reaction rate of the purified 5’-NT
enzyme increases with rising temperature, reaching its peak
at 37◦C. Figure 5 illustrates the effect of temperature on the
enzyme purified using gel filtration. This is consistent with
findings presented by Al-Taii in 2006 [20].

C. Effect of pH on the Reaction Rate of the 5’-NT Enzyme
Upon plotting the relationship between varying pH levels of
the buffer solution (Tris-HCl) and the enzymatic reaction rate

Figure 6: Effect of pH on the reaction rate of the partially
purified 5’-NT enzyme

of purified 5’-NT, it was observed that the reaction rate of the
purified enzyme increased with the rise in pH, reaching its
maximum speed at the optimal pH of 7.2. After this point,
the enzyme’s activity declined as the pH continued to rise,
as illustrated in Figure 6. These results align with findings
reported by Al-Taii in 2006 [20].

D. Impact of Reaction Time on the Efficacy of the 5’-NT
Enzyme
The influence of reaction time on the efficacy of the purified
enzyme was examined by incubating the enzyme with its
substrate at a temperature of 37◦C for varying time intervals
(10, 20, 30, 40, 50, 60, 70 minutes) at pH 7.2. The results
demonstrated an increase in enzyme activity with prolonged
incubation, with the enzyme reaching its peak activity at 37◦C

after a 30-minute incubation period. After this 30-minute
period, the enzyme’s activity began to decline, as depicted
in Figure 7, for the enzyme purified using gel filtration. This
phenomenon could be attributed to the enzyme’s thermosen-
sitive nature, where prolonged exposure to heat may disrupt
the bonds between amino acids.

4. Conclusion
This research successfully separated and partially purified
the 5’-Nucleotidase (5’-NT) isoenzymes from the sera of
patients with renal failure. The study employed a multi-step
purification process, including ammonium sulfate precipita-
tion, dialysis , gel filtration, and ion-exchange chromatog-
raphy. These methods significantly improved the enzyme’s
purity and specific activity, as evidenced by the increasing
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Figure 7: Effect of time on the reaction rate of the partially
purified 5’-NT enzyme

purification folds and specific activities across the steps.
The separation of three distinct isoenzymes, highlights the
complexity and diversity of this enzyme in renal failure
conditions. Kinetic studies on the purified enzyme revealed
crucial insights into its behavior under various conditions.
The determination of the Km value for the enzyme with
its substrate (5’-AMP) provided a deeper understanding of
its affinity towards the substrate in renal failure patients.
Temperature, pH, and reaction time studies further elucidated
the optimal conditions for the enzyme’s activity, contributing
valuable information to the field of biochemical pathology.
Overall, the findings underscore the importance of the 5’-NT
in renal failure and offer a foundation for future research into
the roles and therapeutic potential of its isoforms in kidney-
related diseases. The successful purification and detailed
kinetic analysis of the enzyme pave the way for more targeted
studies, potentially leading to new diagnostic markers or
treatment approaches for renal failure.
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