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Abstract:  This paper presents a new system for the activity assay of arginine kinase (AK), based on the
spectrophotometric detemination of an ascorbic acid-reduced blue ternary heteropolyacid composed of
bismuth, molybdate and the released phosphate from N -phospho- -arginine (PArg) fomed in the foward
catalysis reaction The assay conditions, including the fomulation of the phosphate detemination reagent
(PDR), the assay timing, and the linear activity range of the enzyme concentration, have been tested and
optimized For these conditions, the ternary heteropolyacid color is completely developed w ithin 1min and is
stable for at least 15min, w ith an absorbance maximum at 700nm and a molar extinction coefficient of 15 97
(mmolA) **em™ * for the phosphate. Standard curves for phosphate show a good linearity of @ 999 Compared
w ith previous activity assay methods for AK, this system exhibits superior sensitivity, reproducibility, and

adaptability to various conditions in enzymological studies Thismethod also reduces the assay time and avoids

the use of some expensive instrunents and reagents
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Introduction

A rginine kinase (EC 2 7 3 3, AK) in inver-
tebrates plays a central role in both temporal and
gatial ATP buffering in cells with high,
fluctuating energy requirements (muscle, nerves,
etc ) by catalyzing the magnesium-dependent
reversible phogphorylation betw een L -arginine and
A TP according to the follow ing reaction'™?
L -argininet M g*"A TP ~—
N -phogho- -arginine+ M g*ADP (D
AK is an ideal paradign for the classical
enzymology of bimolecular reactions>* and
activity assay methods are needed w hich provide
adequate accuracy, fidelity and adaptability. In
previous works, AK activity was usually
detemined using: 1) the phosphate detem ination
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method®”', 2) a pH-stat assay measuring proton
released®, 3) the arginine-diacetyl colorimetric
reaction'’!, 4) an enzyme coupled reaction derived
from the activity assay method of creatine
kinase'®!, and 5) the itopic assay method!™’.
The phogphate determ ination method has been
extensively used for A K activity assay because of
its smplicity. The underlying principle is the
chemical detemm ination of the inorganic phohate
released by hydrolyzation of the acid-labile PA rg
formed in the foward catalysis reaction, see
Reaction (1). Traditional methods of chemical
detem ination of the phogphate employed for AK
activity assays are based on the reaction of
phoghate to form a binary heteropolyacid w ith
molybdate, w hich is then reduced to develop colors
suitable for spectrophotometric assay'”. How ever,
in our studies of AK, we were often frustrated
by this systen’s inadequate sensitivity and
reproducibility™ . Therefore, the method was
modified by introducing into the A K activity assay
an asoorbic acid-reduced blue ternary
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heteropolyacid system using bisnuth, molybdate
and phogphate’™. This ternary heteropolyacid
systen w as then optimized and compared w ith the

original binary method

1 M aterialsandM ethods

1.1 Materials

A K wasprepared from themuscle of sea cucumber
Stichgus japonicus according to the procedure of
A nosike et al ' and proved to be homogeneouson
polyacrylanide gel electrophoresis in the presence
and absence of sodium dodecyl sulfate'™. A TP,
A rg, and Fiske/Subbarow Reducerw ere purchased
from Sigma A Il other reagentsw ere local products
of analytical grade and used without further
purification

1. 2 M ethods

The enzyme assay procedurew as as follows The
reaction mixture consisted of 10 34mmolA A rg,
2 07mmol/A A TP disodium salt, and 3 10mmol/
L magnesium acetate disolved in @ 1molA Tris
acetate, pH 8 1 TheA TPwas added fresh to the
reaction mixture and the olution w as available for
4h Thereactionwascarried out at 25 by adding
10 1L enzyme sample to 290 L of the reaction
mixture to give final reaction oconcentrations of
10mmolA Arg, 2mmolA ATP and 3mmolA
magnesium acetate The reaction was allowed to
continue for @ 5~ 1 5min, after which 250 (L of
2 5% trichloroacetic acid (TCA ) was added
mmediately to stop the reaction The lutionw as
placed in boiling w ater for Imin to fully hydrolyze
the fomed PA rg, then mmediately plunged into
an ice bath for another minute for quick cooling,
and finally left in air to equilibrate at room
tenperature for 5min The liberated inorganic
phoghate was detemined afterw ards with the
phoghate detemination reagent (PDR). The
PDR wasprepared fresh by mixing stock slutions
of 1mL Q 2molA bisnuth nitrate disolved in 6
molA nitric acid, 1mL Q 14 molA ammonium
molybdate, @ 5mL 1% asoorbic acid and 2 mL
distilled water. 450 (. PDR was added to the
equilibrated olution to give ImL final volume of a
systen whose color developed over tme A fter 3
min of color development, the slution absorbance
wasmeasured at 700nm. The controlw asprepared
in parallelw ith the same conditions except that the
10 L enzyme samplew as replaced by buffer in the
enzyme sanple For accurate analysis of the
released phophate and, thus, theformed PA rg, a
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standard curvew asmade using the sane procedure
except that 10 pl standard solutions of various
concentrations of KH2PO4 were added instead of
the enzyme sanple

The method described by France!” was used to
compare the traditional binary heteropolyacid
systean for phoghate detemination with the
m ethod described here

The enzyme ooncentration was detem ined
acoording to them ethod of B radford™ w ith bovine
serum albumin as the standard An analytic
gectrophotometer, Specord 200 UV V IS (Jena,
Gemany), was used to measure the enzyme
concentration and activity.

2 Resultsand D iscussion

2.1 Characterization of the ternary
heteropolyacid system

The bisnuthmolybdate-phogphate systean is
reduced by ascorbic acid to a blue ternary
heteropolyacid complex, with a bignuth-
phoghate'molybdate composition equivalent to 1-
1-12 (mole ratio) ™. A swith previous results’*?,
the abwrbance gectra of the ternary
heteropolyacid systen oontaining the inorganic
phophate were characterized by a maximum
absrbance peak at 700nm, w hichw as absent from
the oontrol without any inorganic phoghate
(Fig 1). The sample containing ATP but no
added phoghate exhibited a smilar but much
weaker absrbance at 700 nm, indicating that
gontaneous hydrolyzation of A TP contributing to
the total phosphate in the systan cannot be
overlooked Therefore, the oontrol must be
prepared in parallel during the activity assay
process to correct the phoghate background for

the gpontaneous hydrolyzation of ATP.
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Fig 1 Absorbance spectra of 1 mL activity asaay

gystan. The absorbance was recorded as descr ibed in
Section 1 2 with @ 6mmolAL ATP and Q 0651 mol/mL
KH2PO4 (@), @ 6mmolA ATP and no phosphate (b),
and neither ATP nor phosphate (c).
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2.2 Optimization of the PDR formulation

A rg, magnesium acetate, and Tris acetate in the
catalysis reaction lution, as well as TCA,
showed no significant contribution to the
absorbance pectrum and intensity at 700nm (data
not show n). Besides arsenic, many other common
substances al® do not interferew ith the results of

the heteropolyacid system!™.  Therefore, this
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m ethod
enzymological
substances
However, the ooncentrations of bisnuth,
molybdate, ascorbic acid, and nitric acid in the
PDR affected, to different extents, the sensitivity,
rate and stability of the systen at the olor

is adgptable to various oonditions in
studies with various different

development end point (Fig 2). The PDR
formulations are listed in Table 1
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(b) Effect of anmonium molybdate
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Fig 2 Effectsof different PDR formulationson the phosphate determ ination results The systen was camposed of 290 (L
catalysis solution (without enzyme), 250, 2 5% TCA and 450.L PDR 10 6 5mmolA KH2POswasadded to nitiate
the color development reaction. The absorbanceat 700nm was recorded at var ious time intervals

Tablel PDR formulations

Q 2molA bisnuth Q 14molA ammonium 1% asoorbic acid N itric acid to disolve Distilled w ater

FomulationN o

nitrate (mL ) molybdate (mL ) (mL) bisnuth nitrate (molA) (mL)
1 Q5 10 Q5 60 25
2 10 10 Q5 60 20
3 15 10 Q5 60 15
4 10 Q5 Q5 60 25
5 10 20 Q5 60 10
6 10 10 10 60 15
7 10 10 20 6 0 Q5
8 10 10 Q5 4 0 20
9 10 10 a5 80 20
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The proportion of bisnuth nitrate greatly
influenced the assay results (Fig 2a). In 4 5mL
PDR slution, theQ 5mL (No. 1) and ImL (No
2) bisnuth nitrate concentrations induced rapid
oolor development; however, the ImL (No. 2) and
1 5mL (No 3) bisnuth nitrate concentrations
caused the system to have a more stable
aborbance 1mL Q 2molA bisnuth nitrate per
4 5mL PDR was then used for the often tests for
the best assay result In Fig 2b, the low
anmonium molybdate oconcentration (No 4)
slowed oolor development, while the higher
ooncentrationsof ImL (No 2) and 2mL (No. 5)
molybdate caused the color to develop faster The
concentration of the reducer in the system,
asocorbic acid had little effect on the assay result,
except that less asoorbic acid in the systan led to a
slight improvenent in the sensitivity (Fig 2c).
The nitric acid concentration used to disolve the
bisnuth nitrate strongly affected the systam
sensitivity. The results in Fig 2d show that
higher concentrations gave better sensitivity with a
slight slow ing of the color development From the
results of all these tests, the optimized PDR
formulation was chosen to be @ 2molA bisnuth
nitrate disolved in 6molA nitric acid, Q 14molA
anmonium molybdate, and @ 5mL 1% asoorbic
acid in 2mL distilledw ater for a ratio of 1-1-Q 5-2
(No. 2). Therefore, the final PDR concentrations
of bignuth nitrate, nitric acid, anmonium
molybdate and ascorbic acid were 44 mmolA ,
1 33molA, 31mmoll and Q 11% (mass
fraction), regectively. W ith thisformulation, the
oolor development w as completed w ithin 1min and
w as stable for at least 15min

2.3 Timing of phosphate determ ination
procedure

The timing of themethodw as al® evaluated using
the method given by France!”. The results in
Fig 3 show that the absorbance at 700 nm w ith
3min of color development showed no difference
for incubation tme in boiling water exceeding
Imin Therefore, 1 min in the boiling bath is
adequate for full release of the phoghate from the
fomed PArg V arying equilibration time at room
tenperature after quick cooling in the ice bath w as
found to have no effect on the assay result (data
not show n).
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Fig 3 Effect of incubation tme in boiling water of the
catalysism ixture on the release of phosphate fran the
formed PArg by measuring the absorbance at 700 nm
after 3min of color development The enzyme catalysis
reaction was stopped within 30 s by TCA. The AK
concentration was Q 55mg/mL.

2.4 Standard curve

The measured standard curve, Fig 4, was both
linear and reproducible, which guarantees the
accuracy and reproducibility of this method for
measuring the phoghate in A K assays
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Fig 4 Standard curve for phosphate concentration
with KH2PO4as standard

The tested upper range of the linearity for the
phoshate measurenent was at least @ 065 ymol
phoshate radicalsper 1-mL reaction system, w ith
a linearity of Q999 The molar extinction
ooefficient of the reduced ternary heteropolyacid
w as detem ined to be 15 97 (mmolA ) "an ' for
the phogphate Independent expermentsw ith the
same oonditions reproduced nearly the same
results, with an error of less than 5% (data not
show n).
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2.5 Canparison to other methods used to asay
AK activity

Five methods have been widely used to assay A K
activity®™®.  The arginine-diacetyl olorimetric
reaction and enzyme ooupled reaction methods
utilize the reverse reaction catalyzed by A K 0 they
use PArg, which is extranely expensive
Expensive reagents and instruments are required
for the isotopic assay and pH -stat assay methods
AK assay methods based on phoghate
detemmination are relatively  simple, but
traditionally utilize a binary heteropolyacid system
oonsisting of phoghate and molybdate
Comparison of the present ternary
heteropolyacid system w ith a representative binary
heteropolyacid method'” using a commercially
available phophate determ ination reagent, Fiske/
Subbarow Reducer, derived from the method of
Fiske and Subbarow ™, showed that the ternary
method has several advantages First, the
procedure very quickly (about 1min) reaches full
color development, in contrast to at least 30min
for the Fiske method as shown in Fig 5, which
greatly shortens the assay time Secondly, the
ternary system had good reproducibility and
linearity of the standard phoghate curve The
Fiskemethod has less stability possibly due to the
fomulation of the Fiske/Subbarow Reducer,
w hich consists of 1-amino-2-naphthol-4-sulfonic
acid, sdium sulfite, and bisulfite, which are
unstable in solution and susceptible to unexpected
factors during usage Finally, themolar extinction
ooefficientzc())f the ternary heteropolyacid system
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Fig 5 Time course of color development of Fiske

method The systen was as descr ibed by France'” with
2umol/mL KH2PO4, 200 (L catalysis solution, 250 (L
2 5% TCA, 5004 Q 09molA ammonium molybdate
disolved in 2 5molA slfuric acid and 50 (L Fiske/
Subbarow Reducer.
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15 97 (mmolA) **an" ' was not only much
greater, by two ordersof magnitude, but alo more
stable than that of the Fiske method (about Q 50
(mmold )" » an ' after 15 min of oolor
development). These results are consistent with
previous findings on the detem ination of inorganic
phogphate that a ternary heteropolyacid provides
greater sensitivity and fidelity than a binary
one™™.  The lower molar extinction coefficient
means less sensitivity to the released phogphate and
more sanples of the enzyme are required for the
activity assay, which increases both the error of the
Fiskemethod and thew aste of the precious enzyme

2.6 AK activity assaay reaultsusing the ternary
heter opolyacid method

The ternary heteropolyacid systen to assay A K
activity w as tested to detemm ine the linearity Imits
w ith regect to assay time, protein concentration
and absorbance at 700mm. The data in Fig 6a
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(b) Duration of catalysis and assay linearity AK

concentrationswere @ 023mg/mL (), Q 056mg/mL
(4), 0 1125mg/MmL (+ ), and Q 225mg/mL (= ).
Fig 6 AK activity assay reaults using the ternary
heteropolyacid method Activity was def ined as mol*
mL™ "min” *for the PArg
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show that protein concentrationsof Q 02~ Q 3mg/
mL gave linear activities for assay periodsof 30s
The results in Fig 6b show that the catalysis
measuranent w as linear for reaction time of 30 ~
300 s for a protein concentration of @ 023mg,/mL.
For all the tested A K concentrations, linearity w as
guaranteed as long as the protein concentration and
catalysis time were adjusted = that the final
absrbance at 700 nm was less than Q@ 8, which
was adjacent to the upper linearity Imit of the
standard curve in Fig 4

3 Conclusions

A ternary heteropolyacid system for phogphate
detem ination was successfully introduced into the
assay of AK activity. The experimental conditions
optimized to obtain the best assay results had a total
assay volumeof ImL, with 300.L catalysis reaction
mixture, 250 (. 2 5% TCA to teminate the
reaction, and 450 PDR for color development
The PDR fomulation had 44 mmolA bisnuth
nitrate, 1 33molA  nitric acid, 31mmol/A
anmonium molybdate, and Q 11% ascorbic acid At
least 1min of incubation in the boiling water gave
full hydrolyzation of the PA rg Themolar extinction
ooefficient at the maximum absrbance of 700 nm
was 15 97 (mmolA) " an *for the phophate after
3min of color development The upper range of
linearity for the phogphatemeasurenentw as at least
Q 065 umol phoghate radicals per 1mL reaction
system. Tests show that the protein concentration
and catalysis tine should be adjusted to keep the
final absorbance below Q 8 for good linearity in the
activity assay. Compared with other AK activity
assay methods, this systean provides better
sensitivity, reproducibility, and adaptability to the
various conditions in enzymological studies
M oreover, this method reduces the assay time,
saves enzyme usage, and avoids use of sme
expensive instruments and reagents The ternary
heteropolyacid systen has potential goplications in
many other areas besides just A K activity assays,
such as the assay of many other kinases or nucleic
acids
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