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Abstract:
Na+/K+-ATPase is a prevalent enzyme that maintains the Na+ and K+ gradients across the cell
membrane by transporting three Na+ out and two K+ into the cell, the aim of this study is to provide detailed
mechanistic insights, potentially with important effects on physiological regulation of active Na and K
transport in tissues of Aerobic Thyroid Patient. Thyroid tissues were obtained from a 35 year old patients, the
operation was carried out at the Al-Hadi Specialist Hospital in Samarra city, the sample was stored at -20ºC
until used. The purification protocol included Salt Precipitation, Ion Exchange Chromatography, Gel
Filtration and Electrophoresis, a spectrophotometric method was used to determine the enzyme activity.
kinetic parameters was also obtained for the enzyme. Partial purification of Na+/K+-ATPase revealed two
isoenzymes (I ,II). The purity of separated isoenzymes were proved by SDS-PAGE electrophoresis. The
kinetic characteristics of Na+/K+-ATPase showed that optimum substrate concentration about 1.5mM, Km
1.052mM, and Vmax 6.062, optimum temperature was 37 ºC, optimum pH 7.4 and optimum time in 25 min.
Na+/K+-ATPase purified from Thyroid tissue has distinct kinetic characteristic that reflects the importance of
intracellular regulation of specific Na+/K+-ATPase pump which gives cells the ability to precisely coordinate
to their physiological requirements .
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Introduction:
Sodium
Potassium
Adenosine
Tri
phosphatase (Na+/K+-ATPase) a protein containing
two large units of α and β types contain glucose
molecules (1). The The α unit (110Kda) has 8-10
lobs (segments) crossing from the outside to inside
of membrane (2) and contains sodium and
potassium binding sites which are located within
this enzyme as well as contains a site of energy(3)
while β unit is a complex of glycoprotein that is
necessary for the enzyme activity and if it removed,
the enzyme will lose its activity (4). Na+/K+ATPase is an active transporter that uses ATP to
'pump' three sodium ions out of the cell and tow
potassium ions into the cell (5).
Thyroids hormones play an important and
vital role in regulating the activity of the sodium
pump and controlling the ionic balance in the body
fluids by influencing on efficiency of iodide pump,
which increases the rate of iodine capture by thyroid
cells(6). The thyroid cells have a basement
membrane especially for the transport of iodine (7),
effectively from extracellular fluid into the cell by
active transport that called an Iodide pump (8).

This step requires energy obtained from
Adenosine triphosphate (ATP) molecule, where
sodium is considered a necessary ion that are
present in a great amount outside the cells in the
blood (9), in addition, is a necessary element for
fission and when absence or reducing it inside the
cells may affected on the efficiency of ATP
production (10,11).

Material and Methods:
A sample of thyroid tissues was obtained
from a patients of 35 year old, the operation was
carried out at the Al-Hadi Specialist Hospital in
Samarra and the sample was stored at -20ºC until
used.
Preparation of tissue sample extract:
The tissue was extracted using a buffer
solution that prepared from (250 mM Sucrose, 50
mM Tris-HCl, 1 mM EGTA pH 7.4) at ratio (1: 3)
(12) and stored at -20°C until used.
The study included:
Determination of Na+/ K+-ATPase (EC 3.6.3.9)
activity:
ATP is the substrate of the enzyme,
Kirchgesser M. method was carried out to
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determine Na+/ K+-ATPase activity from Aerobic
Thyroid tissue (13).
The Bradford method was used to measure the
amount of Na+/K+-ATPase protein (14).
Partial purification of Na+/ K+-ATPase from the
tissue:
A precipitation: Na+/ K+-ATPase was extracted
from the tissues of thyroid patients throught
proteins precipitating by 60% ammonium sulphate,
the precipitate melts by 5 ml of the Tris-HCL0.125M solution at pH7.4. The Ammonium
sulphate is removed from a solution via dialysis in
(Tris-HCl 0.125M) at pH 7.4, with several
alternatives batches for time to time overnight at 4°
C. After that, the protein was concentrated by
immersing it in sucrose for 30-45 min at 4° C.
Partial purification of Na +/K+-ATPase from the
tissue by Ion Exchange Chromatography:
This procedure was carried out by using
DEAE-Cellulose column(20 x 1.5 cm) with a flow
rate of (60ml / hour), the eluting buffer was TrisHCL (0.125M) (pH7.4) that contained progressive
concentrations of NaCl /saline (0 , 50, 75, 100 mM),
and the extracting parts of the column were
collected at a size 5ml. The absorbance was
measured at 280nm (13) and the concentration of
protein was estimated by Bradford method (14).
Samples were kept at -20°C until used.
Partial purification of Na+/ K+-ATPase from the
tissue by Gel Filtration:
The column of the Sepharose-6B (60 x 1.5
cm) has a flow rate (60ml / hour) was used to
purify Na+/ K+-ATPase from the fractions separated
by the ion exchange , the collected volume was
5ml. The absorption of the extracting parts
measured at 280nm. The contents of the tubes that
showed the highest absorbance were collected and
the enzyme activity was determined according to
Kirchgesser M. method (13) also the protein
concentration was determined by using Bradford
method (14). The samples were stodged at -20°C
until used.
Sodium Dodecyl Sulfate – Polyacryl Amide Gel
Electrophoresis (SDS-PAGE):
Sodium dodecyl sulfate-polyacryl amide gel
electrophoresis (SDS-PAGE) was used to identified
Na+/ K+-ATPase isofomes (15).
Kinetic studies of the Na+/K+-ATPase:
Kinetic parameters of the purified enzyme were
determined as following (13):
Substrate concentration:
Different oncentrations of ATP (0, 0.25, 0.5,
0.75, 1, 1.25, 1.5, 1.75, 2 mM) were used to
estimate the optimum concentration of the substrate.
Optimum pH:
Different pH solutions of (6, 7, 7.4, 8.3, 9, 9.5)
were used with 1.5mM substrate at 37°C.

Optimum Temperature:
The reaction was carried out at different
temperatures (4, 10, 25, 30, 37, 42, 54) and
substrate concentration of 1.5mM and pH7.4 .
Time Interval:
The effect of the time on the enzyme activity
was studied using substrate concentration of
1.5mM ATP and at multiple time intervals (0,
5,10,15,20,25,30,35,40,45 min) At 37°C and pH
7.4.

Results:
Partial purification of Na+/K+-ATPase from
Aerobic Thyroid Tissues:
Na+/ K+-ATPase from thyroid tissues was
purified by multiple steps as shown in Table (1).
The first steps was protein precipitated using 60%
ammonium sulphate in a purity of 0.018. DEAECellulose Ion exchange chromatography was used
to purify the enzymes depending on the difference
of isozymes net charge, two Isozyme was obtained
as shown in Fig (1) with a purity of 0.32 and yiled
of 9.1% of isozyme- I at and isozyme- II in
0.55purity and yiled of 6.3%.The 3rd purification
stage was gel filtration was performed using
Sepharose-6B which gives
a purifction fold of
1.42 with 42% yiled , as shown in Fig (2) .
Table1. purification of Na+/K+ -ATPase
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Steps

Total
Activity

(Fold)

Yeild
%

0.0221
0.0109

Specifi
c
activity
1.7
1.847

Crude
Salt
perception
Dialysis

1
1.08

100
49.3

0.0079

1.975

1.16

35.8

Isoenzyme - I

0.0019

0.543

0.32

9.1

Isoenzyme -II

0.0014

0.933

0.55

6.3

Gel Filtration

0.0094

2.41

1.42

42.5
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Gel Electrostatic separation method was used on
SDS-PAGE gel at 10% and CBB R250 dye which
indicates that Na+/K+-ATPase has two bands as
shown in Fig( 3).
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Figure 3. Electrical transfer of the purified Na+/K+-ATPase (A) and (B) Na+/ K+-ATPase.
*(L) Standard proteins.
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The kinetic parameters of Na+/ K+-ATPase:Optimal substrate and Km:
The effect of different
substrate
+
+
concentration on Na /K -ATPase activity what
partially purified. The results showed the activity
increased as the substrate concentration was
increased till reaches maximum activity at 1.5mM,
then the activity begins to decrease as shown in
Fig (4). The Michaelis -Menten constant was
1.052mM and Vmax was 6.062Mm.L-1.min-1 as
shown in Fig ( 4, 5,6,7,8,9)n and Tab (2 ).

Table 2. Kinetic parameters of Na+/K+-ATPase
methods
Linweaver-Burk plot
Hanes – Woolf plot
Woolf – Agustinsson Hofstee plot
Eadie–Scatchared – plot
Eisenthal–Cornish –
Bowden plot
Average

Km(mM)
0.19
1.59
1.66

Vmax(mM/l.min)
6.6
1.14
9

1.45
0.4

7.98
5.95

1.052

6.062

pH effect :
The effect of pH on Na+/ K+-ATPase
actives purified from tissues .The results showed
an increase in the activity as pH increased until
reaching the maximum activity at pH 7.4 ,then the
activity decreased at pH higher than 7.4 as showed
in Fig ( 10).

Time Effect:
The effect of time on Na+/K+-ATPase activity
was done through incubating of the enzyme with
substrate in a pH 7.4 and at 37 ° C. for
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(45,40,35,30, 25, 20, 15, 10, 5, 0 minutes).The
results showed an increase in the activity as the
incubation period increased till it reaches
maximum activity 25 minutes and after that the
activity declined as observed in Fig (11)

this can be explained by pH effects on the activity
due to the difference in the nature of enzymes and
also to the enzymatic composition of poly-ionic
groups which carried by the amino acids (23), at
low pH ,enzymes are not capable of bonding with
substrate because they have no correct conformation
or ionic states while at height pH it becomes very
sensitive to H + concentration thus unable enzymesubstrate complex (ES) that might leads to
denaturation and hence loss of activity (24, 26), our
result in agree with other results (26, 27). At 25 min
the enzyme reach optimum activity and as the time
increase the activity will decrease, this may be due
to the thermodynamic nature of Na+/K-ATPase
which leads to break bonds as the time increases
(28) also the enzyme has optimum activity at 37°C
this results are similar with other studies (26,29)
Because Enzymes have an optimal temperature
(equal, slightly higher or lower), enzymes activity
increases as the temperatures increases until reach
to the optimum temperature of reaction, then is
gradually reduced due to denaturation (28).The
kinetic finding of this studay indicates that
showed that Km of Na+/K+-ATPase purified from
Aerobic Thyroid tissues was 1.052mM and the
Vmax was 6.062mM.L-1.min-1as shown in table
2,while another study indicates that Km of the
enzyme from sheep kidney was 0.19 ± 0.04 mM
and from rabbit kidney was mM 4.0 this can be
explaine to the difference of tissue sources(30,31).

Temperature effect:
The results showed that maximum activity
of enzyme was observed at 37 ° C as observed in
Fig (12).

Conclusion:
The kinetic characteristics of Na+/K+ATPase has distinct properties and varies with
different sources. In addition, the regulation
conditions of the pumps gives cells the ability to
coordinate Na-K-ATPase activity precisely to their
physiological requirements in tissues of Aerobic
Thyroid Patient.

Discussion:
Ammonium sulphat precipitating usually
performed in the first step of purification in order to
remove the extra proteins other than Na+-K+ATPase the basic principle of this procedure
depends on salting out phenomenon that the
reaction of protein-charges with salt, which leads
to reduced protein solubility and precipitating
occurs (16). The purity of separated isozymes were
achieved by (SDS-PAGE) which revealed two
bands as shown in Fig (3), indicating that the purity
of the enzyme reached to homogeneous state (17
,18), the electrical chromatography was achieved
by migrating the protein in pH 8.8 within an
electrical field . the extracellular positive charges
generated by the function of Na+/K+-ATPase left the
cell with lack in positive ions (19). The kinetic
studies of Na+/K+-ATPase indicates that the
optimum substrate concentration was (1.5mM)
which is a hyperbolic shape and therefore its
undergo the Michaelis-Menten equation as shown in
Fig (4), this results in agreement with other studies
(21, 22, 23). For Na+/K+-ATPase purified from
Aerobic Thyroid tissues, the optimum pH was (7.4)

Conflicts of Interest: None.
References:
1. Clausen MV, Hilbers F, Poulsen H . The Structure
and Function of the Na/K-ATPase Isoforms in Health
and Disease, Front. Physio. 2017;8: 371.
2. Prabhakar S, Rajesh K, Krishna M, Syed I. The
modulation of erythrocyte Na+/K+-ATPase activity by
curcumin. J Adv. Res. 2015; 6(6): 1023-1030.
3. Yan Y, Shapiro AP, Mopidevi BR, Chaudhry
MA, Maxwell
K, Haller
ST, et
al.
Protein
Carbonylation of an Amino Acid Residue of the
Na/K-ATPase α1 Subunit Determines Na/K-ATPase
Signaling and Sodium Transport in Renal Proximal
Tubular Cells. J Am. Heart Assoc. 2016; 5(9) :
e003675..PMID 27613772.

744

Baghdad Science Journal

Vol.16(3) Supplement 2019

4. Thomas L, Nicolas F, Markus K, Linda W , Kristoffer
B , Alexander B , et al . Regulation of Neuronal
Na/K-ATPase by Extracellular Scaffolding Proteins,
Int. J Mole. Sci. 2018; 19(8): 2214. Available
from:; https://doi.org/10.3390/ijms19082214.
5. Aperia A, Akkuratov EE, Fontana JM, Brismar H.
Na+-K+-ATPase, a new class of plasma membrane
receptors, Am . J PCP. 2016; 310(7): C491–C5.
6. Arriagada AA, Albornoz E, Opazo MC, Becerra
A, Vidal G, Fardella C, et al. Excess Iodide Induces
an Acute Inhibition of the Sodium/Iodide Symporter
in Thyroid Male Rat Cells by Increasing Reactive
Oxygen Species. Endo. 2015;156(4) :1540–51.
7. Shaohua H, Bingchan W, Xiyi L, Suyu
M, Fengming Y, Theodore Z, et al. Iodine stimulates
estrogen receptor singling and its systemic level is
increased in surgical patients due to topical
absorption. Oncot. 2018; 9(1): 375–384.
8. Patrizia A, Giuseppina DM, Antonio D, Eleonora F,
Massimo T. In vitro effects of natural phytoestrogens
on sodium/iodide symporter mediated thyroid iodide
uptake by using a differentiated TSH-dependent cell
line, J Func Foods. 2018 ;40: 438-446.
9. Salih M, Bovee DM, van der Lubbe N, Danser
AHJ, Zietse R, Feelders RA, et al. Increased Urinary
Extracellular Vesicle Sodium Transporters in Cushing
Syndrome With Hypertension. JCEM. 2018; 103(7):
2583–2591. Available
from:
https://doi.org/10.1210/jc.2018-00065 .
10. Xiao L, Huanlei W, Yongpeng C, Xiaonan X , Hao Z,
Gaofei L, et al. High-energy sodium-ion capacitor
assembled by hierarchical porous carbon electrodes
derived from Enteromorpha. JMS. 2018; 53(9):
6763–6773.
11. Kirchgesser M, Dahlmann N. A Colorimetric Assay
for the Determination of Acid Nucleoside
Triphosphatase Activity. J Clin Chem Clin. Biochem
. 1990 ; 28(6):407-411.
12. Pierre SV, Belliard A, Sottejeau Y. Modulation of
Na+, K+-ATPase cell surface abundance through
structural determinants on the{alpha}1-subunit. Am.
J PCP. 2011; 300(1): 8-42.
13. Bradford MW. A rapid and Sensitive Method For The
Quantities of Protein Utilization, The principle
Protein- Dye Binding. Analytl. Biochem. 1976;
72:248-254.
14. Laemmli UK. Cleavage of structural proteins during
the assembly of the head of the bacteriophage T 4.
Nature. 1970, 227: 680 – 685.
15. Duong-Ly KC, Gabelli SB. Chapter Seven-Salting
out of Proteins Using Ammonium Sulfate
Precipitation. Meth. in Enz. 2014;541: 85-94.
16. Chaillou M, Rigoard P, Fares M, François C,
Sottejeau Y, Maixent JM. Relation between -isoform
and phosphatase activity of Na+,/K+-ATPase in rat
skeletal muscle fiber types. Cell Mol Biol (Noisy-legrand). 2011;25:57. Suppl:OL1520-7 .
17. Sottejeau Y, Belliard A, Duran MJ, Pressley TA,
Pierre SV. Critical role of the isoform-specific region
in alpha1-Na,K-ATPase trafficking and protein

Kinase Cdependent regulation. Biochem. 2010;
49(17):3602-10.
18. Castillo JP, Rui H, Basilio D, Das A, Roux
B, Latorre R, et al . Mechanism of potassium ion
uptake by the Na+/K+-ATPase. Nat Comm.
2015 ;6( 7622):1-8 .
19. Koshoridze N, Burjanadze G, Menabde K,
Kuchukashvili Z. Thyroid Gland Ecto-ATPase and
Some of Its Kinetic Properties Med Res Arch. 2017;
(5)12: 1-10.
20. Horvat A, Momlc T, Bajac A, Petrovlc S G. Nikezic
G, Demajo M. Selective Inhibition of Brain Na,KATPase by Drugs, Physio Res. 2006;55(3):325-38.
21. Holm TH, Lykke-Hartmann K . Insights into the
Pathology of the α3 Na(+)/K(+)-ATPase Ion Pump in
Neurological Disorders; Lessons from Animal
Models, Front Physio. 2016; 7:209.
22. Cairyfa VR, Gill D, Parola AH. Probing the active
site of adenosine deaminase phresponsive fluorescent
competitive inhibiter. Biophys Chem.1998; 70(1): 41
– 56.
23. George J, Losos J. The living world .6th ed. New
York:NY MC, Graw-Hill, 2010.
24. Qader UI, Iqbal SA, Niazi. Z. Partial purification and
characterization of intracellular alkaline phosphatase
from newly isolated strain of Bacillus subtillis
KIBGE-HAS. Inter J of Microbiol. 2009;7(1).
25. Sarkar PK, Biswas A, Ray AK, Martin JV.
Mechanisms
of
L-Triiodothyronine-Induced
Inhibition of Synaptosomal Na+-K+-ATPase Activity
in Young Adult Rat Brain Cerebral Cortex. J Thyroid
Res. 2013;29:1-9.
26. Méndez E, Caruso- Neves C, López Mananes AA.
Two sodium pumps in the hepatopancreas of the
intertidal
euryhaline
crab Neohelice granulata:
biochemical
characteristics
and
differential
modulation after feeding. Canad J Zool. 2018; 96(6):
576-584.
27. Martinek R. Practical Clinical Enzymology. J Am
Med. 1969; 31: 162.
28. Helms JB, Saunders LP, Meyer J, Costa CJ, Plowman
E, Williford N, et al. Kinetic Characterization of
Na,K-ATPase Inhibition by the Acetaminophen
Metabolite N-Acetyl benzo quinoneimine. O J Mol
Integ Physio. 2015; 5: 1-17.
29. François N, Pedro A,, Fernando MM. Revisiting the
binding kinetics and inhibitory potency of cardiac
glycosides on Na+,K+-ATPase (α1β1)
:
Methodological considerations. JPTM. 2018; 94(2):
64-72.
30.Helms JB, Saunders LP, Meyer J, Costa CJ, Plowman
E, Williford N et al . Kinetic Characterization of
Na,K-ATPase Inhibition by the Acetaminophen
Metabolite N-Acetylbenzoquinoneimine.O J Mol
Integ Physio.2015; 5: 1-17.
31. Santos HL, Lamas RP , Ciancaglini P. Solubilization
of Na,K-ATPase from rabbit kidney outer medulla
using only C12E8. Braz J Med Biol Res .2002: 35(3)
277-288.

745

Baghdad Science Journal

Vol.16(3) Supplement 2019

دراسة حركية النزيم صوديوم/بوتاسيوم اتبيز  Na+/K+-ATPaseالمنقى من نسيج مرضى الدرقية
الهوائية
رنا رعد زنزل محمد الشايع

سوزان جميل علي السامرائي
قسم الكيمياء الحياتية ،كلية التربية للعلوم الصيرفة ،جامعة تكريت ،صالح الدين ،العراق.

الخالصة:
انزيم صوديوم/بوتاسيوم اتبيز  Na+/ K+-ATPaseعبارة عن بروتين يعمل على تنظيم تدرجات الصوديزم  Na+والبوتاسيوم
 K+عبر غشاء الخلية من خالل ضخ ثالث أيونات صوديوم إلى الخارج وأيونين بوتاسيوم إلى داخل الخلية  ،تهدف الدراسة إلى تقديم رؤيا
ميكانيكية مفصلة لالنزيم يحتمل أن تكون لها آثار مهمة على التنظيم الفسيولوجي للنقل الفعال اليوني  Na+و  K+في نسيج مرضى الغدة
الدرقية الهوائية  .تم الحصول على عينة النسيج الدرقي من مرضى بعمر 35سنةحيثوأجريت العملية في مستشفى الهادي التخصصي األهلي-
سامراء تم حفظ العينات بدرجة(  )-20ºCلحين األستعمال .تم عزل وتنقية األنزيم بواسطة الترسيب الملحي  ،التبادل األيوني ،والترشيح
الهالمي والترحيل الكهربائي  .استخدمت تقنية مطيافية المرئية لتقدير فعالية األنزيم .كذلك شملت الدراسة تعيين الخواص الحركية لألنزيم .تم
الحصول على متناظرين ( )I , IIوتم التأكد من نقاوة الفصل بواسطة الترحيل الهالمي على هالم االكريل امايد ( )SDS-PAGEحيث ظهرت
حزمتين  .بينت النتائج الحركية ان التركيز األمثل للمادة األساس ( )1.5mMوبلغت قيم ثابت  Kmعند ( )1.973mMأما قيمةVmaxفقد
بلغت ) (5.95Mm.L-1.min-1أما درجة الحرارة المثلى فقد كانت عند ( ، )37°Cالدالة الحامضية المثلى عند  ، 7.4ولوحظ اقصى فعالية
لألنزيم عند زمن) . (5 minأن انزيم  Na+/ K+-ATPaseالمنقى من نسيج الغدة الدرقية الهوائية له خصائص حركية محددة تعكس اهمية
التنظيم الداخلي لالنزيم والتي تعطي الخلية قابليتها التنظيمية الدقيقة التي تتفق مع المالمح الفسيولوجية لنسيج الغدة الهوائية.
الكلمات المفتاحية :انزيم صوديوم –بوتاسيوم أدينوسين ثالثي الفوسفات ،التبادل األيوني ،الترشيح الهالمي ,الغدة الدرقية الهوائية.
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