cta
Binchimica
Pulunica

Vol. 44 No. 4/1997
853-860

QUARTERLY

This paper is dedicated to Professor Wlodzimierz Ostrowski

Continuous assay for acid phosphatase using 1-naphthyl

phosphate as a substrate*

Ewa Luchter-Wasylewska

Institute of Medical Biochemistry, Jagiellonian University, Collegium Medicum,

M. Kopernika 7, 31-034 Cracow, Poland

Key words: 1-naphthol, 1-naphthyl phosphate, prostatic acid phosphatase, reverse micelles, enzyme kineties

The described continuous acid phosphatase assay is based on kinetics of the
release of l-naphthol in the course of the enzyme-catalyzed hydrolysis of
1-naphthyl phosphate, measured at 320 nm in aqueous solution and at 322 nm
in sodium-bis(2-ethylhexyl)sulfosuccinate isooctane-water reverse micelles in
a broad pH range (1.0-8.2). The method allows precise determination of the
initial rate of the reaction and therefore may be used in the steady-state and
pre-steady-state studies on the phosphatase-catalyzed reaction. The kinetic
parameters (Km and keat) for human prostatic acid phosphatase in agqueous
solution and in reverse micelles, at pH 3.8, 4.5 and 5.7, by the proposed 1-
naphthyl phosphate assay have been determined.

Acid phosphatases (EC 3.1.3.2) are non-spe-
cific enzymes catalyzing the hydrolysis of low
and high molecular phosphomonoestersin an
acidic environment [1], Human prostatic acid
phosphatase (hPAP) is of special interest and
is routinely assayed in diagnosis and moni-
toring of patients with prostatic carcinoma
[2—4]. For determination of acid phosphatase
activity various phosphomonoesters were
used and the released reaction products were
measured in a discontinuous or continuous
manner [1-4]. In discontinuous procedures
and in coupled assays the equilibrium of the
phosphatase-catalyzed reaction is disturbed
and only continuous methods enable precise

determination of kinetic constants of the en-
zyme-catalyzed reaction due to monitoring of
the reaction progress.

Since 1959 1-naphthyl phosphate has been
used by enzymologists and clinical chemists
as a substrate for acid phosphatase in the
discontinuous or coupled assays. For col-
orimetric or spectrofluorimetric determina-
tion of phosphate [5] or 1-naphthol [6-18]
many procedures were used. Formation of a
stable and reproducible colour of 1-naphthol
with aminoantipyrine and ferricyanide is
utilized in quantitative measurements of
phosphatase activity [6]. Babson’s procedure
is based on the measurement of azo dye
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arising in the reaction of 1-naphthol with
tetrazotized O-dianisidine [7, 8]. Basing on
the same principle the use of Fast Red Salt
B (diazotized 5-nitro-Z-amino-methoxyben-
zene) [9], of Fast Red TR (diazotized 2-amino-
5-chloro-toluol) [10, 11], and of some other
diazonium salts [12] was recommended for
acid phosphatase assays in serum [13]. After
alkalization of the sample, concentration of
1-naphthoxide ion is determined in the end-
point procedure by measuring its absorbance
at 332 nm [13] or spectrofluorimetrically at
455 nm (Ax. 335 nm) [14]. 1-Naphthyl phos-
phate was also used as a substrate for stain-
ing of acid phosphatase activity in histo-
chemical studies [15], in gel electrophoresis
[16, 17] and in sodium-bis(2-ethylhexyl)sul-
fosuccinate (Aerosol OT)-isooctane-water re-
verse micelles in the coupled reaction with
Fast Red [18]. Until now no continuous one-
step procedure for acid phosphatase assay
using l-naphthyl phosphate has been pro-
posed.

A direct continuous spectrophotometric
method for determination of the phos-
phatase-catalyzed hydrolysis of 1-naphthyl
phosphate is described in this paper. The
assay is based on kinetics recording of the
release of 1-naphthol by measuring the dif-
ference of 1-naphthol and 1-naphthyl phos-
phate absorbance at 320 nm in aqueous so-
lution, or at 322 nm in AOT-isooctane-water
reverse micelles at pH 1.0 to 8.2

Reverse micelles, water microdroplets dis-
persed in apolar solvents and stabilized by
monolayer of surfactant, are optically trans-
parent and can be examined with various
optical instruments. The size of these
spheroidal microaggregates depends on the
water-to-surfactant (w,) molar ratio and is
comparable to protein molecule dimensions.
The micellar inner interface and the agueous
phase provide a unique and versatile envi-
ronment for the study of biocatalysis by hous-
ing a guest enzyme together with its sub-
strate [19-21].

MATERIALS

Homogeneous human prostatic acid phos-
phatase was purified from human seminal

plasma [22]. Phosphatase concentration was
determined by measuring the absorbance at
280 nm (ALf = 14.4) (in 10 mM Tris/HCI
buffer, pH 7.4, containing 100 mM NaCl) [2].

Disodium salt of 1-naphthyl phosphate and
sodium salt of succinate acid bis(2-ethyl-
hexyl)ester (AOT) were purchased from
Sigma. 1-Naphthol from POCH (Poland) was
recrystallized from water. Isooctane for UV
spectroscopy, sodium acetate, acetic acid,
and Tris were from Fluka.

METHODS

Spectrophotometric assays. Absorhance
spectra and velocity measurements were re-
corded at 20°C using the single beam UV-
VIS Gillford Response Spectrophotometer.

Buffers. The 50 mM acetate (pH 3.8-5.7)
and Tris/HCI (pH 7.2-9.2) buffers in deion-
ized and distilled water were used.

Conlinuous enzyme asssay in agueous
solution. Determination of phosphatase ac-
tivity was started by adding 0.05 ml of the
enzyme solution (diluted to the required con-
centration from the concentrated enzyme
stock solution) into 0.95 ml of 1-naphthyl
phosphate solution of appropriate concentra-
tion in 50 mM acetate buffers of different pH.
In the blank sample, the enzyme was omit-
ted. The assay was conducted at 20°C. The
acid phosphatase-catalyzed hydrolysis of 1-
naphthyl phosphate in acidic solution was
monitored continuously by measuring the
increase of 1-naphthol absorbance at 320 nm.
Initial rates were determined by the Gillford
Spectrophotometer program. In the condi-
tions used, the spontaneous substrate hy-
drolysis could be neglected.

Reverse micellar solution. AOT-isooc-
tane water reverse micelles were formed by
injection of microlitre amounts of agueous
buffered stock solution of either enzyme or
substrate to 1 ml of 0.1 M AOT solution in
isooctane and vortexed. For a particular w,
the required volume of aqueous solution was
caleulated as described elsewhere [23].

Continuous enzyme assay in AOT-iso-
octane-water reverse micelles. The assay
was performed by combining 0.5 ml of the
substrate micellar solution with 0.5 ml of the
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enzyme micellar solution prepared under the
same conditions (buffer, pH, w,) and stirring
using a warring blender. The assay was
started immediately at 20°C with continuous
monitoring of 1-naphthol absorbance at 322
nm. The initial velocity was calculated by the
Gillford Spectrophotometer software. The
overall concentrations of all reagents in re-
verse micelles were marked ov.

Calibration curves. The standard curves
for 1-naphthol were constructed in aqueous
solution at 320 nm and in reverse micelles at
322 nm. The molar absorption coefficients
were calculated by the Gillford Spectro-
photometer software.

Determination of kinetic constants for
hPAP. The values of K,;; and k4 in aqueous
solution for each pH value, at the enzyme
concentration of 9.25 nM, were calculated
[24] from triplicate measurements of v, for
1-naphthyl phosphate concentration in the
range from 0.05 mM to 5 mM.

For determination of Ky, , and kg, [24] in
AOT-isooctane-reverse micelles, the initial
velocity (v,) measurements in the micellar
solution at w, 20 for each pH were performed
in triplicate. The concentration of the sub-
strate and the enzyme was as in agueous
solution.

RESULTS

Absorbance spectra of 1-naphthyl phos-
phate and of 1-naphthol in aqueous solu-
tion and in AOT-iscoctane-water reverse
micelles

The spectra of 1-naphthyl phosphate and of
l-naphthol at pH 1.0-8.2 are essentially dif-
ferent (Fig. 1A, 1B). At 320-322 nm the
absorbance of 1-naphthyl is high and of 1-
naphthyl phosphate — low. Therefore 1-
naphthol, liberated in the enzyme-catalyzed
hydrolysis of 1-naphthyl phosphate, was
measured at 320 nm in aqueous solution and
at 322 nm in reverse micelles (Fig. 1C).

Acid phosphatase continuous assay
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Figure 1. Absorption spectra of 0.2 mM 1-
naphthol (—) and of 0.2 mM 1-naphthyl phos-
phate (- - -) in 50 mM acetate buffer at pH 4.5. A,
in agueous medium; B, in AOT-isooctane-water
reverse micelles, w, 20; C, the difference in the
molar absorption coefficients of 1-naphthol and
1-naphthyl phosphate in aqueous solution and in
reverse micelles (- - - ), at pH 4.5,
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Molar absorption coefficients for
1-naphthol and for 1-naphthyl phosphate
in agqueous solution and in AOT-isooctane-
water reverse micelles

The calibration curves for 1-naphthol in
aqueous solution are linear up to 1 mM and
in reverse micelles up to 0.1 mM. The molar
absorption coefficients for l-naphthol are
constant at pH up to pH 8.2 (pK 9.38 [25])
and for 1-naphthyl phosphate up to pH 4.8
(pK 5.85, [26]).

The molar absorption coefficients for 1-
naphthn] at pH range from 1.0 to 8.2 equals
2600 M~ at 320 nm in agueous solu-
tion, and 3100 M cm™ at 322 nm in
AOT-isooctane-water reverse micelles (w, 10
to 30).

The molar absorption coefficients of 1-
naphthyl phusphate in u?uenus solution at
.ﬂﬂ nm are: 175 M~ {(pH 1. f.}—4 5} 520
M! em™ (pH 5.7) and 825 M1 1 (pH
7.3-13.0) and in AOT- 1suu¢tane-water re-
verse mlcelles (w, 10 to 30) at 322 nm are:
200 Mt em™ {p]llﬂ—fl 5), 300 M ' em™ f]}H
5.7) and 450 M~ em ™' (pH 7.3-13.0).

The difference between molar absorption
coefficients (Ae) of 1-naphthol and of 1-
naphthyl phosphate at 320 nm m aqueous
solution are as fulluws 2425 M ' em™ [pH
1.0-4.5), 2080 M ! em™! (pH 5.7) and 1775
Mt l:m_1 (pH 7.3-8.2) and m reverse
micelles at 322 nm are: 29(]1] M 'em™! (pH
1. ID—4 5), 2801] M em ! (pH 5.7) and 2650
M !em™? (pH 7.3-8.2).

Kinetic parameters of human prostatic
acid phosphatase in aqueous solution and
in AOT-isooctane-water reverse micelles

Kinetic parameters for hPAP at pH 3.8, 4.5
and 5.7 in aqueous solution (K, and k) and
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in AOT-isooctane-water reverse micelles
(Km,ov @and kgyq) with 1-naphthyl phosphate
as a substrate measured by the continuous
procedure, are given in Table 1.

DISCUSSION

Continuous acid phosphatase assays devel-
oped earlier [5, 27-34] have employed the
numerous phosphomonoesters: O-carboxy-
phenyl phosphate [5], phenyl phosphate [27],
phosphotyrosine [28, 29], 2 6-dichloro-4-ni-
trophenyl phosphate [30, 31], p-nitrophenyl
phosphate |25, 32, 33], 4-methylumbellifery]
phosphate [25] and pyranine phosphate [34].
The 1-naphthyl phosphate continuous acid
phosphatase assay in aqueous solution pro-
posed in this paper is more sensitive than
that with phenyl phosphate [27], phosphoty-
rosine (28, 29] or p-nitrophenyl phosphate
{(below pH 6.0) [32, 33], but is of almost the
same sensitivity as with O-carboxyphenyl
phosphate [5] or 4-methylumbelliferyl phos-
phate [25], as shown by molar absorption
coefficients of the phenolic reaction products.

Besides the coupled 1-naphthyl phosphate
procedure of Levashov et al. [18], two con-
tinuous acid phosphatase assays in triphasic
AOT-isooctane-water reverse micelles has
been developed earlier, using as substrates
p-nitrophenyl phosphate [35] and phenyl
phosphate [27]. However, the continuous 1-
naphthyl phosphate assay in the same me-
dium described in this paper, is more sensi-
tive than the continuous assay using phenyl
phosphate [27] as a substrate.

The values K, of hPAP in aqueous solution
(Table 1) are at lower range of those obtained
earlier (0.9-9.8 x 1074 by the various discon-
tinuous methods in different buffers and with

Table 1. Kinetic constants for human prostatic acid phosphatase in 50 mM acetate buffer, using
1-naphthyl phosphate as a substrate or entrapped in 0.1 M AOT-isooctane-water reverse micelles

(wao 200

Bulfer Agqueous solution

pH KEm [M]

3.8 1.8x 107 850
45 16x 107 1000
5.7 14x 107 1110

keat [s71]

Micellar solution

Ko [M] becat [5711
74x 107 80
7.7 % 107 90
7.5 1071 50
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different additives [26, 36—-39]. The values of
keat have never been determined directly,
only the V.« values were given [26, 36, 39].

The values of K, o for the hPAP-catalyzed
hydrolysis of 1-naphthyl phosphate in AOT-
isooctane-water reverse micelles are some-
what higher than those in aqueous medium
{Table 1), but are still of the same order. On
the other hand, the k., values in reverse
micelles are very low in comparison to those
in agueous medium. The inhibition of hPAP
in the AOT-isooctane-water reverse micelles
can be due to the interaction of the positively
charged groups at the active site of the en-
zyme molecules [3], with the negatively
charged AOT molecules at the inner surface
of reverse micelles. Accumulation of phos-
phate ion, a known inhibitor of phosphatases
[2], inside the polar pool of the micelle may
be an additional reason for the decrease of
keat values for hPAP entrapped in reverse
micelles. When pH is raised from 3.8 to 5.7,
the k.q: values in aqueous medium increase,
whereas in the micellar surrounding they
decrease. An inhibition of the enzyme activ-
ity in the AOT-isooctane-water reverse
micelles was also found in the case of wheat
germ acid phosphatase [18], human prostatic
acid phosphatase [27], human placental al-
kaline phosphatase [40], o-chymotrypsin
[23] and lactate dehydrogenase [41].

The proposed assay as a sensitive continu-
ous procedure may be especially useful for
the pre-steady-state studies at a broad pH
range (1.0 to 8.2) of various phosphatases .

The author wishes to thank Professor
W.S. Ostrowski for many helpful discus-
510NS.

REFERENCES

1. Hollander, V.P. (1970) Acid phosphatases; in
The Enzymes (Boyer, P.D,, ed.) vol. 4, pp.
449-498  Academic Press, London.

2. Ostrowski, W. (1980) Human prostatic acid
phosphatase: Physicochemical and catalytic
properties; in Male Accessory Sex Glands
{Spring-Mills, E. & Hafez, E.S.E., eds.)
pp. 197-213, Elsevier/North Holland Biome-
dical Press, Amsterdam.

3. Ostrowski, W.5. & Kuciel, R. (1994) Human
prostatic acid phosphatase: Selected proper-
ties and practical applications. Clin. Chim.
Acta 226, 121-129.

4. Heller, J.E. (1987) Prostatic acid phos-
phatase: Its current clinical status. J. Urol.
137, 1091-1103.

5. Moran, A., Burguillo, F.J., Lopez, M.C. &
Dominiguez, A. (1989) Kinetic properties of
derepressible acid phosphatase from yeast
form of Yarrowia lipolytica. Biochim. Bio-
phys. Acta 990, 288296

6. Klein, B., Auerbach, J. & Morgenstern, S.
(1965) Automated determination of acid phos-
phatase. Clin. Chem. 11, 398-1008.

7. Babson, A.L. & Read, P.A_(1959) A new assay
for prostatic acid phosphatase in serum. Am.
J. Clin. Pathol. 32, 88-91.

8 Babson, A.L. & Phillips, G.E. (1966} An im-
proved acid phosphatase procedure. Clin.
Chim. Acta 13, 264-265.

9 Van Gorkom, D.W.H. (1962) De bepaling van
prostaat zure fosfataze in serum. Ned, T.
Genesk. 106, 207-301.

10. Hillmann, G. (1971) Fortlaufende photo-
metrische Messung der sauren Prostataphos-
phatase-Aktivitat. Z, Klin. Chem. Klin. Bio-
chem. 3, 273-274,

11. Gundlach, G. & Muehlhausen, B, {1980) Un-
tersuchungen zur Kupplung des 1-Naphthols
mit Fastred-TR. J. Clin. Chem. Clin. Bio-
chem. 18, 603610,

12, Sanders, G.T.B., Serne, P. & Hoek, F..J. (1978)
Interference with the kinetic determination of
acid phosphatase. Clin. Chim. Acta 89, 421
427.

13. Bowers, J.L. & Bowers, G.N., Jr. (1982} 1-
Naphthyl phosphate: Specifications for high-
quality substrate for measuring prostatic acid
phosphatase activity. Clin. Chem. 28, 212-
215.

14. Campbell, D.M. & Moss, D.W. (1961) Spec-
trofluorimetric determination of acid phos-
phatase activity. Clin. Chim. Acta 6, 307-315.

15. Lee, P., Lam, K.-W,, Li, C.-Y. & Yam, L.T.
(1981) A simple immunohistochemical me-




858

16.

17.

18.

19.

20.

21.

thod for the detection of prostatic acid phos-
phatase. Arch. Pathol. Lab. Med. 105, 205-
206.

Gabriel, O. & Gersten, D.M. (1992) Staining
for enzymatic activity after gel electrophore-
sis. Anal. Biochem, 203, 1-21.

Weder, J.EK.P. & Kaiser, K.-P. (1995) Fluoro-
genie substrates for hydrolase detection fol-
lowing electrophoresis. J. Chromatogr. A.
698, 181-201.

Levashov, A.V., Klyachko, N.L., Pshezhetsky,
AN., Berezin, LV., Kotrikadze, 1.G., Lom-
sadze, B.A. & Martinek, K. (1986) Superak-
tivnost kisloy fosfatazy v obrashchenych
micellach povierchnogo-aktivnych wiesh-
chestw w organicheskich rastvoritelach. Dokl
Acad. Nauk SSSR 289, 1271-1273.

Luisi, P.L., Giomini, M., Pileni, M.P. & Robin-
gon, B.H. (1988) Reverse micelles as hosts for

proteins and small molecules. Biochim. Bio-
phys. Acta 947, 209-246.

Bru, R., Sanchez-Ferrer, A. & Garcia-Car-
mona, F. (1995) Kinetic models in reverse
micelles. Biochem. J. 310, T21-739.

Nicot, C. & Waks, M. (1995) Proteins as in-
vited guests of reverse micelles: Conforma-
tional effects, significance, application. Bio-
techn. Gene Engn. Rev. 18, 267-314.

22, Van Etten, R.L. & Saini, M.S. (1978) Selective

23.

purification of tartrate-inhibitable acid phos-
phatases: Rapid and efficient purification (to
homogeneity) of human and canine prostatic
acid phosphatases. Clin. Chem. 24, 1525-
1530.

Bru, R. & Walde, P. (1991) Product inhibition
of a-chymotrypsin in reverse micelles. Eur, .J.
Biochem. 199, 95-103.

. Lutz, R.A.,, Bull, C. & Rodbard, D. (1986)

Computer analysis of enzyme-substrate-in-
hibitor kinetic data with automated model
selection using IBM-PC compatible micro-
computers. Enzyme 36, 197-206.

. Denu, J .M., Lohse, D.L., Vijayalakshmi, J.,

Saper, M.A, & Dixon, J.E. (1996) Visualiza-
tion of intermediate and transition-state
structures in protein-tyrosine phosphatase

E. Luchter-Wasylewska

26.

27.

1997

catalysis. Proc, Natl. Acad. Sci, U.S.A. 93,
2493-2498.

Gundlach, G. & Luttermann-Semmer, E.
{1987) The effect of pH and temperature on
the stability and enzymatic activity of pro-
static acid phosphatase. Studies on the opti-
mization of a continuous monitored determi-
nation of acid phosphatase, I1. J. Clin. Chem.
Clin. Biochem. 25, 441448,

Luchter-Wasylewska, E. (1996) Continuous
assay for acid phosphatase using phenyl phos-
phate. Anal. Biochem. 241, 167-172.

28. Apostol, 1., Kuciel, R., Wasylewska, E. & Os-

30.

31.

33.

trowski, W.5. (1985) Phosphotyrosine as sub-
strate of acid and alkaline phosphatases. Acta
Biochim. Polon. 32, 187-197.

. Zhao, Z., Zander, N.F., Malencik, D.A., Ander-

son, S.R. & Fischer, E.H. (1992) Continuous
spectrophotometric assay of protein tyrosine
phosphatase using phosphotyrosine. Anal.
Biochem. 202, 361-366.

Teshima, S. Hayashi, Y. & Ando, M. (1987}
Determination of acid phosphatase in biologi-
cal fluids using new substrate, 2,6-dichloro-4-
nitrophenyl phosphate. Clin. Chim. Acta 168,
231-238.

Vaicour, AV., Bowers, GN., Jr. & McComb,
R.B. (1989) Evaluation of a kinetic method for
prostatic acid phosphatase with use of self-in-
dicating substrate, 2,6-dichloro-4-nitrophenyl
phosphate. Clin. Chem. 35, 939— 945,

. Wynne, C.J., Hamilton, S.E., Dionysius, DA,

Beck, J.L. & de Jersey, J. (1995) Studies on
the catalytic mechanism of pig purple acid
phosphatase. Arch. Biochem. Biophys. 319,
133-141.

Zhang, Z.Y., Palfey, B.A., Wu, L. & Zhao, Y.
{1985) Catalytic function of the conserved hy-
droxyl group in the protein tyrosine phos-
phatase motif. Biochemistry 34, 16389-
16396.

. Sato, E., Chiba, K., Hoshi, M. & Kanaoka, Y.

(1992) Pyranine phosphate as a new fluoro-
genic substrate for acidic and alkaline phos-
phatases. Chem. Pharm. Bull. 40, T86-T88.

356. Klyachko, N.L., Levashov, A.V., Pshezhetsky,

AV., Bogdanova, N.G., Berezin, 1LV. &



Vol. 44

36.

37.

Martinek, K. (1986) Catalysis by enzymes
entrapped into hydrated surfactant aggre-
gates having lamellar or cylindrical (hexago-
nal}or ball-shaped (cubic) structure in organic
golvents. Eur. J. Biochem. 161, 149-154.

Wojcieszyn, J.W_, Wang, M.C., Lee, C.L., Mur-
phy, G.P. & Chu, T.M. (1979} Purification and
characterization of a human urinary acid
phosphatase. J. Appl. Biochem. 1, 223-234.

Lin, M.F,, Lee, C.L., Li, S5.-L. & Chu, T.M.
{1983} Purification and characterization of a
new human prostatic acid phosphatase isoen-
zyme, Biochemistry 22, 1055-1062.

. Lin, M.F,, Li, 8.5.L., Chu, T.M. & Lee, C.L.

(1990) Comparison of prostate acid phos-
phatase with acid phosphatase isoenzymes

Acid phosphatase continuous assay

39.

41.

858

from the lung and spleen. J. Clin. Lab. Analy-
sis 4, 420-425.

Lee, H., Chu, T.M., Li, S.5.L. & Lee, C.L.
{1991) Homodimer and heterodimer subunits
of human prostate acid phosphatase. Bio-
chem, J. 277, T69-T65.

. Chang, G.G. & Shiao, 5.L. (1994} Possible

kinetic mechanism of human placental alka-
line phosphatase in vivo as implemented in
reverse micelles. Eur, J. Biochem. 220, 861-
870.

Khmelnitsky, Y.L., Hilhorst, R., Visser, A.d.
W.G. & Veeger, C. (1993) Enzyme inactiva-
tion and protection during entrapment in re-
verse micelles. Eur. Jf. Biochem. 211, 7T3-77.



