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The Partial Purification and Detection of Endogenous
Sodium Pump Inhibitor (s) from Human Plasma

Lii Zhuoren( 8 A ), Boschi Stefano”, Borghi Claudio*. Munarini Alessandra*
(Institute of Cardiology, Xian Medical University, Xian 710061. China)

Abstract
inhibitor (s )

In the present paper, the methodology of purification and detection of endogenous sodium pump -

(ESPI) from human plasma was introduced. Furthermore, some biological properties of the

plasma ESPI were found: (D inhibition of Na*. K* — ATPase: @ inhibition of sodium pump activity; @ com-

petive inhibition of *H - ouabain binding to RBC receptors or ATPase: (@ “dose - response” inhibition; &

reversible inhibition; © stabilizing the enzyme E: conformation.

Key words
chromatography (HPLC)

The accumulation of experimental evidence suggests
that an endogenous sodium pump inhibitor(s) (ESPI) which
has natriuretic, pressor, vascular sensitizing and digitalislike
activities may be involved in regulating cation transport.
sodium excretion by kidney and vascular reactivily in arte-
rioles, and may participate in the development of hyperten-
sion' . But some contradictory results obtained with laboro-
tary-specific preparation and assay methods were report-
ed. Unfortunately, the digoxin radioimmunoassay (RIA) which
is employed widespreadly to detect ESPI is the least reliable
among the methods for the detection of ESPI, since some
compounds may bind non - specifically to the antibody'*'. In
this paper, the methodology of the partial purification and
detection of ESPI from human plasma will be introduced,
which was developed by Boschi in the Institute of Clinical
Pharmacology of Bologna University, Italy. Also, some bio-

logical properties of ESPI will be discussed.
METHODS

Sample preparation and extraction

Plasma was applied to a C18 disposable column (SPE

* Institute of Clinical Pharmacology, Bologna University, Italy

endogenous sodium pump inhibitor; purification; Na*, K * — ATPase; high - performance liquid

7020 J T Baker USA) and eluted with the mixture of acetoni-
trile (CH:CN) and trifluoroacetic acid (TFA) 0. 15% (40/
60).

Purification with high —performance liquid
chromatography (HPLC)

HPLC on a reverse - phase column (LiChrosorb Merck
RP18) was carried out using increasing linear concentration
gradient of 80% CH:CN at a flow rate of Iml/min. The
absorbance wavelength was monitored at 225 nm. Fraction
collector (Gilson Model 201) was applied and 20 fractions
were collected within 60 min. For further purification,
Fraction 1 ~4 were subjected to HPLC on Column DIOL
(LiChrosorb) with a decreasing linear gradient of 5% to
99.9% (1 ml/min) . Also, 20 fractions were collected
(UV absorbance at 225 nm).

The v —*P ATP method

HEPES-Mg’*buffer was prepared with MgCl ; Smmol /L,
EGTA 1mmol/L. BSA 2mg/ml, HEPES 80 mmol/L HEP-
ES - Tris buffer contained MgCl ; 6 mmol/L, HEPES 160
mmol/ L, NaCl 300 mmol/L. KCl 20mmol/L, EGTA 6 mmol/
L, ATP 4 mmol/L and y - P ATP were put in HEPES - Tris
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buffer to be y —**P ATP buffer. The mixture of ATPase or
EDTA, Norepinephrine (NE) and fractions or HEPES ~
Mg?* buffer was preincubated at 37°C for 30 min. Then,
v - %P ATP buffer was added for incubation 20 min. It was
stopped by addition of cold perchloric acid(20% ). Labeled
inorganic phosphate was separated from ATP by absorption
of ATP on charcoal. Free phosphate inos were counted in a
Liquid Scintillation counter.
Coupled enzyme assay

Tris - Mg** buffer contained Tris 40 mmol /L, MgCl: 10
mmol/L. Solution of kinetics consisted of NaCl 104. 2 mmol/
L, KCI 20. 83 mmol/L, MgCL 5. 2mmol/L, HEPES 20. 83
mmol /L, DTT 1.042mmol /L. Reaction mixture had ATP
2.6 mmol/L, NADH 0. 26 mmol/L, PEP 1.4 mmol/L,
LDH 10 U and PK 10 U in the solution for kinetics. BSA
and EGTA were put in an aliquot, and dried in a
lyophilizator for measurement. The reaction was initiated by
rapid addition of NE, Tris - Mg** buffer or fractions and
ATPase in the aliquots. After the preincubation, it was
mixed with the reaction mixture. The oxidation of NADH
was monitored by recording the decrease in absorbance at
340 nm with a spectrophotometer (BECKMAN DU-5).
Inhibition of *Rb uptake by erythrocytes

Fresh human red cells were washed and suspended
with Ringer’ s buffer (NaCl 140 mmol/L, MgSO4 1mmol/
L, NaHPO, 5 mmol/L, Glucose 5.6 mmol/L, KCl 5
mmol /L and CaCl; 1 mmol/L). The numbers of cells were
measured with a Coulter Counter. The cells were preincu-
bated with or without fraction and Ringer’ s buffer or unla-
beled ouabain(2 x 10°mol /L) for measurement of
non-specific uptake. Transport was initiated by addition of
%Rb, and they were incubated for l1h, The reaction was
stopped by addition of cold buffer. Cells were separated by
alternate wash with Ringer’ s buffer and determined for ** Rb
radioactivity in a Liquid Scintillation Counter.
Inhibition of *H — ouabain binding to erythro-
cytes

Fresh red cells were washed and suspended with Tris
buffer (NaCl 130 mmol /L, Tris 10 mmol /L, Glucose 10
mmol /L, Sucrose 20 mmol /L), Paralled incubation of red
cells and *H-ouabain was performed with addition of an ex-
cess of unlabeled ouabain (2 X 10~2mol/L), for measuring
nonsaturable binding, and with or without fractions, After
Sh-incubation, the binding was stopped by rapid cooling.

Bound and {ree radioactivites were separated by filtration on

glass filter (Whatman GF/F). The filters were washed with
cold Tris buffer and counted in a Liquid Scintillation
Counter.
Inhibition of *H - ouabain binding to ATPase

The assay was similar to that of *H — ouabain binding
1o erythrocytes. The differances only were the buffer (NaCl
100 mmol /L, Tris 50 mmol /L. MgCl» 3mmol /L) and the
incubation time {1h).
Inhibition of p-nitrophenylphosphatase (pNP-
Pase) activity

The preparation and the preincubation were the same
as described for the coupled enzyme assay. After preincu-
bation, pNPP buffer (Tris 51.02 mmol/L, MgCl: 3.06
mmol /L, KCl 10.2 mmol/L and pNPP 3.06 mmol/L)
was added and the mixture was incubated. The reaction was
stopped by addition of 20% cold trichloroacetic acid (TCA)
and a portion of the supernatant fluid was added with Tris 1
mol /L. The hydrolysis of pNPP was monitored spectropho-
tometrically at 420nm.
“Dose — response” for inhibition

Fractions were added into aliquots in increased con-
centrations. The “dose-response” for inhibition was mea-
sured by means of the y —* P ATP assay.
Reversibility

The reversibility of the inhibition to ATPase was stud-
ied using the coupled enzyme assay. The control or sample
was mixed with the reaction mixure and then measured for
enzyme activity at 340 nm using the kinetic assay with a
spectrophotometer. After addition of NaCl(120 mmol/L)
and EDTA (15mmol /L), the same kinetic assay was per-

formed with each interval of 30 min.

RESULTS

Purification with HPLC and inhibition of Na*,
K* — ATPase activity of fractions with the
v — 3P ATP assay

HPLC of CH;CN/TFA extract of plasma on RP18
column showed several peaks. The first peak of absorbance
eluting with a retention time from 3 to 6 min was found to
have high inhibition of ATPase activities. The Fractions 1 ~
4 pool were further chromatographed on DIOL coulmn and
the second Fractions 4 ~7 pool were detected to have high
inhibition of Na*, K* - ATPase activity.
“Dose — response” for inhibition to ATPase

The results showed a“S" curve following the increase
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of the concentrations both of Fractions 1 ~4 pool from
HPLC on RP18 column and Fractions 4 ~7 pool from the
further purification.
Reversibility of the inhibition to ATPase by
ESPI

The inhibition of ESPI was measured dynamically. It
showed the decline of the inhibition after addition of Na*
and EDTA.
Inhibition of ®* Rb uptake by erythrocytes

The results showed that the inhibition was increased as
the concentrations of the second Fractions 4 ~7 pool in-
creased.
Inhibition of *H — ouabain binding to erythro-
cytes and ATPase

Specific binding of *H ~ ouabain was inhibited by ESPI
and the inhibition of binding was paralleled to the amounts
of ESPIL
Inhibition of pNPPase activity

The inhibitions were increased with the increase of the
amounts both of Fraction 1 ~4 pool (RPI8 column) and
Fraction 4 ~7 pool (DIOL column).

DISCUSSION

Like all enzymes, Na*, K* — ATPase is readily in-
hibited by numorous substances in human plasma, for ex-
ample, free fatty acids (FFA), peptides, lipids, proteins,
endogenous compounds, waste products and cations''!. For
this reason, four steps of purification were employed in our
experiment: treatment of plasma by a disposable C18 col-
umn, elution with CH;CN/TFA, HPLC on RP18 column
(lowsurface-energy, aliphatic hydrocarbon, bonded-phase
packing with relatively nonpolar suspending liquid) and
DIOL column (hydrophilic organic-modified silicas with
relatively polar liquid) ¥ with CH,CN/H,0. Furthermore,
in our Na*, K* = ATP ase inhibition assay, some sub-
stances were served for reducing inferences. Albumin can
bind FFA and NE can block the vanadate inhibition by
chelating. Additionally, EGTA shows a great capacity to
chelate heavy metals and Ca’* without significantly chelate
Mg?* at physiological pH"!.

Na*, K* - ATPase activity can be measured by either
the y-*2P ATP assay or the coupled enzyme assay. In the
former the activity was assayed with measuring the ra-
dioactivity of ** P liberated from y-**P ATP hydrolyzed by

ouabin-sensitive Na*, K* — ATPase!® . It is a direct,

simpler and more sensitive assay, and many samples can be
measured in the same time with this assay. But it can not be
applied in the kinetic study of the ATPase activity hecause
the concentrations of ADP increases gradually during ATP
hydrolysis, which is an ATPase inhibitor. On the contrary,
the coupled enzyme assay is appropriate in the continuous
observation for Na®, K* - ATPase inhibition because
constant ATP concentration is maintained and the accumu-
lation of ADP is prevented' ®'. However, the coupled en-
zyme assay is less sensitive and only one sample can be
measured each time with this assay.

%Rb is commonly used to investigate sodium pump
activity as it substitutes for potassium at potassium binding
sites on the ATPase!® . Also, the human erythrocyte is
usually served as a model for ouabin-sensitive **Rb uptake
and *H-ouabain binding. Ouabain is well-known to bind
RBC receptors (Na*, K* - ATPase or sodium pump). The
reduction of *H-ouabain binding on RBC or ATPase as
parallel incubation with fractions indicates that the ESPI was
competively bound to the specific ouabain binding sites.

Na*, K* - ATPase is thought to exist in two major
conformational states, E, and E,. The E, conformation binds
and is stabilized by sodium and ATP, but the E; is stabi-
lized by potassium or phosphate!®!. Hydrolysis of the pseu-
dosubstrate pNPP is a Na* — independent, K* — dependent
reaction of the ATPase, which apparently requires only the
E: conformation !'*''!, Therefore, the inhibition of pNPPase
activity by ESPI suggests that the Na*, K* — ATPase in-
hibition results from the ESPI stabilized in E; conformation.
Moreover, in the reversibility study , the inhibition of AT-
Pase activity was abolished by addition of sodium and EDTA
which change the enzyme to the E, conformation'*! . The
results of the both studies support that the E, conformation
is probably involved in the binding of ESPL

In conclusion, some bioloigical properties of the plas-
ma ESPI were found in the present study and consistent with
those characterized by some investigators!”'2'*!, including;
@ inhibiton of Na*, K* - ATPase activity; @ inhibition
of sodiun pump activity; @ specific competive inhibition of
*H - ouabain binding to RBC receptors or Na*, K* —AT-
Pase binding sites; @ “dose —response" inhibition; &
reversible inhibition; ©® stabilizing the enzyme in E: con-
formation. Although a great deal of efforts in many labora-
tories have been exerted, a purified ESPI of known structure
is not in hand. Further study is necessary to identify the

ESPI, which requires complete purification and determina-



