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Na1/K1-ATPase (EC 3.6.1.37) is an integral mem-
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Fluorescein-5*-isothiocyanate (FITC) was used to
tudy the high-affinity ATP-binding site of Na1/K1-
TPase. The molar ratio of specifically bound FITC
er a-subunit of Na1/K1-ATPase was found to be 0.5 as
ollowed from pretreatment experiments with another
pecific E1ATP-inhibitor Cr(H2O)4AdoPP[CH2]P. This
ndicated an existence of one high affinity ATP-
inding site (E1ATP-binding site) in the native (ab)2-
iprotomer of Na1/K1-ATPase. Fluorescence dual-
xcitation ratio of specifically bound FITC revealed
hat at external pH 7.5, the pH value inside the E1ATP-
inding site is 6.95 6 0.18. In addition, FITC fluores-
ence quenching by anti-fluorescein and by iodide
holine indicated the limited access of water into
he small pocket of the E1ATP-binding site. © 1999

cademic Press

Key Words: Na1/K1-ATPase; FITC; anti-fluorescein;
H, fluorescence dual-excitation.
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he fluorescence measurements are part of the Ph.D. Thesis of E.
anz.

2 To whom correspondence should be addressed. Fax: 1420 2 475
249. E-mail: AMLER@BIOMED.CAS.CZ.
Abbreviations used: Cr(H2O)4AdoPP[CH2]P, b,g bidentate complex

f chromium(III)-tetraaqua-adenylyl [b,g-methylene] diphospho-
ate; Cr(H2O)4ATP, b,g bidentate complex of chromium(III)-
etraaqua-adenosine-59-triphosphate; Co(NH3)4ATP, b,g biden-
ate complex of cobalt (III)-tetramino-adenosine-59-triphosphate;
o(NH3)4PO4, tetramine cobalt(III)phosphate; E1ATP-site, nucleo-

ide-binding site of Na1/K1-ATPase with high affinity for ATP;
2ATP-site, nucleotide-binding site of Na1/K1-ATPase with low af-
nity for ATP; FITC, fluorescein-59-isothiocyanate; Anti-Fl, antibody
gainst fluorescein (rabbit IgG fraction, Molecular Probes, Oregon,
.S.A.); TEPA, triethanolamine-phthalic acid.
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rane protein which transports sodium and potassium
ons against an electrochemical potential gradient (1).
TP-hydrolysis linked to the cation pumping process is
ften described by the single site Albers-Post-model (2).
he observation of a positive cooperativity of 29-O-
ansyl-ATP in the inactivation of Na1/K1-ATPase (3)
ed to the conclusion of two simultaneously existing
TP-binding sites cooperating during the ATP-driven
a1/K1 transport (3) in an (ab)2-diprotomeric (4) or

ligomeric model (5).
There is only few information on the structure of the
TP-binding sites. Fluorescent and nonfluorescent la-
els of the specific high affinity ATP-binding site pro-
ided some information on amino acids located in or
lose to it: 8-N3-ATP and FITC were used to label
minoacids Lys480, Lys501 and Lys618 (6,7,8,9) which
re conserved in other P-Type ATPases (10), too.
pecific E1ATP-inhibitors like Cr(H2O)4AdoPP[CH2]P,
r(H 2O) 4ATP, pyrene-isothiocyanate and FITC

11,12,13) as well as specific E2ATP-inhibitors like
o(NH3)4ATP and Co(NH3)4PO4 (3) provided in contest
ith protein-reactive fluorescent dyes basic informa-

ion on size and accessibility of these sites. The use of
-chloro-4-nitro-benzofurazane, for example, revealed
hat the E2ATP-site is more open and accessible to
uenchers than the E1ATP-binding site (14). A
uoresceinyl-ethylenediamino-ouabain has recently
een used to show that the ouabain-binding site has a
H of 5.1 6 0.2 and therefore a more acidic microenvi-
onment than the fluid (15). Hence, to obtain more
nformation on the microenvironment of ATP in the

1ATP-binding site the pH-sensitive fluorescein has
een used after labeling of this site with FITC to get
nformation on the H1-environment of the E1ATP-
ocket. In combination with the antibodies quenching
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
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of unspecific FITC (16), which was reported to create
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harge transfer complex with tryptophan, tyrosine or
ethionine in antibody active site (17,18), it was also

ossible to restrain the unspecific background. This
tudy shows that the microenvironment of the E1ATP-
inding site is slightly more acidic than the pH at the
nzymes surface.

ATERIALS AND METHODS

All chemicals were of the highest available purity and were ob-
ained from Bio-Rad (Munich, Germany), Boehringer-Mannheim
Mannheim, Germany), E. Merck (Darmstadt, Germany), Molecular
robes (OR, USA) and Sigma (St. Louis, MO, USA). Lab-Trol protein
tandard is a product of Merz & Dade (Munich, Germany).
The molar concentration of Na1/K1-ATPase and its a-subunit was

alculated from the protein concentration using the molecular
eight of 113 kDa for the a- and 55 kDa for the b-subunit (2). The
uantity of functional a-subunits was estimated by performing back-
oor phosphorylation (9,13). One unit of Na1/K1-ATPase binds 100
mol phosphate specifically (9). Therefore, the molar concentration
f a-subunits can be calculated from this binding ratio and the
pecific ATPase activity of 25 U/mg (4).

Enzyme and assays. Na1/K1-ATPase with a specific activity of 25
nits/mg protein was isolated by modification of Jørgensen’s proce-
ure from pig kidney (19) whose activity was measured by a coupled
pectrometric assay (20). One enzyme unit (U) is defined as the
ydrolysis of 1 mmole ATP per min. at 37°C. Protein was determined
ccording to Lowry et al. (21) using Lab-Trol as a protein standard.
ab-Trol is a mixture of proteins and enzymes used for the calibra-
ion of assays in clinical chemical analysis. The partial activity of the

2ATP-site, the K1-activated p-nitrophenylphosphatase, was mea-
ured in a Cr(H2O)4AdoPP[CH2]P and/or FITC pretreated enzyme at
p-nitrophenylphosphate concentration of 5 mM (11).

Preparation of Cr(H2O)4 AdoPP[CH2 ]P. Cr(H2O)4AdoPP[CH2]P
as prepared by the aniline procedure of Cleland and coworkers

22,23) with variations described earlier (11).

Inactivation with Cr(H2O)4 AdoPP[CH2 ]P. Na1/K1-ATPase in a
nal concentration of 3 U/ml was incubated over night at 37°C in a
otal volume of 1 ml containing 25 mM Cr(H2O)4AdoPP[CH2]P, 20
M Tris/HCl buffer (pH 7.25) and 15 mM NaCl. The enzyme was
ashed twice with 20 mM Tris/HCl buffer (pH 7.25). The protein was

esuspended in 20 mM Tris/HCl buffer (pH 7.25) in a final concen-
ration of 5 mg protein/ml.

Labeling of Na1/K1-ATPase by FITC. Cr(H2O)4AdoPP[CH2]P and
ative Na1/K1-ATPase in a concentration of 3 U/ml was incubated
or 1 h at 37°C in a volume of 1 ml containing 20 mM FITC, 20 mM
ris/HCl buffer (pH 7.25) and 15 mM NaCl. The enzyme was washed
wice with 20 mM Tris/HCl buffer (pH 7.25). The protein was resus-
ended in 20 mM Tris/HCl buffer (pH 7.25) in a final concentration
f 5 mg protein/ml.

Absorbance. Absorbance of FITC-labeled Na1/K1-ATPase of a
r(H2O)4AdoPP[CH2]P and a control enzyme was measured at pH
.25 (20 mM Tris/HCl-buffer) to determine the number of fluoro-
hore molecules bound per protein molecules and especially to the
1ATP-binding site. It was performed at a wavelength of 500 nm
ith a Philips PU 8740 UV/VIS scanning spectrophotometer.

Fluorescence excitation and emission spectra. Samples of FITC-
abeled Na1/K1-ATPase and of FITC-labeled Na1/K1-ATPase after
retreatment with Cr(H2O)4AdoPP[CH2]P (blocked E1ATP-binding
ite) were diluted in 0.1 M triethanolamine-phthalic acid (TEPA)
uffers ranging from pH of 5.36 to 8.62 (final protein concentration:
.65 mg/ml) and fluorescence excitation spectra were recorded in the
216
imeter Perkin-Elmer LS 50 B. Fluorescence was detected at an
mission wavelength of 525 nm, the excitation bandwidth was 2.5
m; emission bandwidth 5.0 nm, scan speed 150 nm/s. Spectra were
easured twice and averaged. Background fluorescence of Na1/K1-
TPase was subtracted from all FITC spectra. The pH sensitive
robe FITC are known to show at physiological pH two fluorescent
orms (dianionic and monoanionic with pK 6.4) differing in their
uorescence excitation spectra and the dual-excitation ratio method
as employed to obtain pH values independently of the total concen-

ration of the fluorescent probe. The fluorescence intensity ratio at
90 nm vs. 435 nm was proportional to pH of the immediate neigh-
orhood (24). The ratio (F490/F435) was calculated as integrated fluo-
escence intensity in the range of (l-2 nm, l12 nm), where l was 490
m and 435 nm, respectively.

Fluorescence quenching. Anti-fluorescein antibodies (anti-Fl)
stock $1 mg/ml) were used to quench fluorescence of FITC-labeled
ites outside the E1ATP-binding site at a protein concentration of
.65 mg/ml. The sample was diluted in 0.2 M TEPA buffer of differ-
nt pH-values. Anti-Fl was added in 5 ml aliquots up to a final
oncentration of 60 mg/ml and fluorescence spectra were recorded.
he fluorescence intensity ratio was plotted either against anti-Fl
oncentration (Stern-Volmer plot) or the reciprocal concentration of
nti-Fl using modified Stern-Volmer equation

F0/~F0 2 F! 5 1/faKQ@Q# 1 1/fa, [1]

here F 0 and F are fluorescence intensities in the absence and
resence of the quencher, respectively, [Q] is concentration of anti-
l, KQ is modified Stern-Volmer quenching constant and f a is a

raction of accessible FITC in the solution.
Choline [2-hydroxyethyl]trimethylamonium iodide salt purchased

rom SIGMA was also used as a collisional quencher of FITC fluo-
escence. In this case iodide choline, added in 5 or 10 ml aliquots from
0.1 M stock solution (final concentration was 16 mM), quenched

ITC labeled Na1/K1-ATPase (0.65 mg/ml). The classical classical
tern-Volmer equation (Eq. 2) was used under these conditions to
alculate the Stern-Volmer quenching constant KI.

F0/F 5 1 1 KI[I], [2]

here F 0 and F are fluorescence intensities in the absence and
resence of the quencher, respectively, [I] is concentration of iodide
holine.

ESULTS

Cr(H2O)4AdoPP[CH2]P was used to block the specific
abeling of the high affinity ATP binding site (E1ATP-
inding site) by FITC. While Na1/K1-ATPase was
lmost completely inhibited, the K1-activated p-nitro-
henylphosphatase activity decreased only slightly (as
bserved previously (4,11)) and independently on the
nzyme prelabeling with Cr(H2O)4AdoPP[CH2]P (Ta-
le 1). The binding ratio of FITC/a-subunit in the
r(H2O)4AdoPP[CH2]P-pretreated enzyme, however,
as significantly lower compared to the control enzyme

Table 1). Absorbance of the FITC-labeled control enzyme
as A 5 0.219 while that of the Cr(H2O)4AdoPP[CH2]P-
retreated enzyme (where FITC was bound only outside
he ATP binding site) was A 5 0.173. The concentration
f the a-subunits was determined as described in meth-
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ds using backdoor phosphorylation for correction (11).
hus, 2.3 molecules of FITC were bound, in average, per
ne a-subunit of Na1/K1-ATPase. When the E1ATP-site
ad been blocked by Cr(H2O)4AdoPP[CH2]P, only 1.8
olecules of FITC were bound per one a-subunit. Hence,

.5 FITC molecules were bound specifically per a-subunit
o the E1ATP-site and fluorescence at this ATP-binding
ite represents about 22% of the fluorescence intensity of
ll FITC-molecules bound to the protein (Table 1).
Furthermore, fluorescence of FITC-labeled Na1/K1-

TPase was examined presuming that FITC bound to
he E1ATP-binding site was inaccessible by anti-Fl an-
ibodies. It has been formerly reported that anti-Fl

Effect of Inhibitors

Residual Na1/K1-ATPase
activity (%)

ative 100
ITC-labeled #5
r(H2O)4AdoPP[CH2]P
pretreated and FITC-labeled

#5

Note. Na1/K1-ATPase in a final concentration of 5 mg protein/ml w
he enzyme. All used samples were treated in the same way except of
h with 20 mM FITC. The enzyme pretreated with Cr(H2O)4AdoPP[C

abeling for 1 h with 20 mM FITC followed. For details see “Methods”
hown, n.a. stands for not applicable.

FIG. 1. Stern-Volmer plots of FITC-labeled Na1/K1-ATPase. Fluo
t pH 8.03, lex 5 490 nm, lem 5 525 nm. The Stern-Volmer quenchin
he presence of 60 ml/ml of anti-Fl (■ —), K I 5 14 mM21.
217
uenches at pH 8.0 more than 95% of fluorescence
ntensity of all the accessible fluorophores (25) and,
hus we assumed that FITC fluorescence remaining
fter anti-Fl application to Na1/K1-ATPase originated
rom the FITC bound to the ATP-binding site (for de-
ails see Discussion). Two populations of fluorophores
t FITC-labeled Na1/K1-ATPase also revealed in our
reparation when iodide choline (16 mM final concen-
ration) was employed to quench FITC fluorescence.
wo samples of FITC labeled Na1/K1-ATPase were

nvestigated at pH 8.03, lex 5 490 nm, one treated with
nti-Fl (60 mg/ml) for 15 min, the other untreated.
tern-Volmer plots of iodide quenching (Fig. 1) showed

Na1/K1-ATPase

Residual p-nitrophenyl-
phosphatase (%)

Molar binding ratio FITC/
a-subunit

100 n.a.
75 6 5 2.30 6 0.08
72 6 8 1.80 6 0.07

used to detect the properties of Cr(H2O)4AdoPP[CH2]P and FITC on
use of inhibitors. FITC labeled Na1/K1-ATPase was inactivated for

P was inactivated over night with 25 mM Cr(H2O)4AdoPP[CH2]P and
(11). Mean values and standard deviations of four experiments are

cence was quenched by different concentrations of iodide choline [I]
onstant was in the absence of anti-Fl (F - - -) K I 5 25 mM21 while in
on

as
the

H2]
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res
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ifferent Stern-Volmer quenching constants K I, in case
f anti-Fl untreated protein KI 5 25 mM21, while in
ase of anti-Fl presence K I 5 14 mM21.

First, dependence of accessibility of FITC at the
1ATP-site on fluid acidity was determined. The fluo-

escence excitation spectra were measured in the pres-
nce of anti-Fl. Fluorescence quenching was, observed
t pH 8.03, lex 5 490 nm and lex 5 435 nm, respec-
ively, and a modified Stern-Volmer plot (Fig. 2 inset)
as constructed to yield the fraction of accessible fluo-

ophores and Stern-Volmer quenching constant (see
ethods). The analysis revealed that the fraction of

ccessible fluorophores, f a, was f a 5 0.76 and the Stern-
olmer quenching constant was found to be KQ 5 18
l/mg at lex 5 490 nm and KQ 5 17 ml/mg at lex 5 435

m, respectively. To obtain pH in the ATP binding site,
he fraction of accessible fluorophores was similarly
etected at different pH-values. Clearly, the fluores-
ence fraction within the E1ATP-binding site (12f a) at
ex 5 490 nm was significantly pH dependent and a
oltzman sigmoidal function was found to be the best
t to describe the pH-dependency (Fig. 2). The fraction
f inaccessible fluorophores and unquenchable FITC
uorescence was about 24% at basic pH while at acidic
H it was more than 80%.
FITC bound inside the E1ATP-binding site was than

mployed to monitor the acidity of this binding pocket.

FIG. 2. Dependence of anti-Fl unquenchable fraction of FITC-lab
n pH. Fluorescence was excited at lex 5 490 nm and emission was o
est fit of experimental values. Inset: A typical experiment. The mod
t pH 8.03. Quenching was measured at two different fluorescence ex
uenching constant KQ and fraction of accessible fluorophores f a in t
Q 5 18 ml/mg, f a 5 0.76 in the latter case.
218
or determination of pH within the E1ATP-binding
ite, there was necessary to obtain fluorescence excita-
ion spectra of FITC specifically bound to the ATP-
ocket. This was obtained by two ways:

1) by mathematical subtraction of fluorescence exci-
ation spectra (on a specific wavelength) of the unspe-
ifically attached FITC from the total signal of FITC-
abeled Na1/K1-ATPase

2) by application of anti-Fl antibodies to quench fluo-
escence signals of unspecifically bound FITC.

First, fluorescence excitation spectra of FITC labeled
a1/K1-ATPase, Ftotal, as well as excitation spectra of
a1/K1-ATPase nonspecifically labeled with FITC

ATP-binding site blocked by Cr(H2O)4AdoPP[CH2]P),
out, were observed in a series of eight TEPA buffers

pH 5.36–8.62). The fluorescence intensity ratio F490/
435 was plotted against pH of used buffer (Fig 3). In
rder to get specific FITC fluorescence signal Fin aris-
ng from the E1ATP binding pocket of Na1/K1-ATPase,
e subtracted the fluorescence excitation spectrum of
out FITC bound outside the ATP binding site (the
1ATP-binding site was blocked by Cr(H2O)4AdoPP[CH2]P)

rom that of the total signal Ftotal.

Fin 5 Ftotal 2 Fout [3]

d Na1/K1-ATPase derived from the modified Stern-Volmer equation
rved at lem 5 525 nm. Boltzman sigmoidal curve appeared to be the

Stern-Volmer plots of fluorescence quenching by anti-Fl performed
tions lex 5 435 nm ■ — and lex 5 490 nm F - - -. The Stern-Volmer
experiment were KQ 5 17 ml/mg, f a 5 0.76 in the former case and
ele
bse
ified
cita
his
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luorescence intensity ratios F 490/F 435 of spectra ob-
ained in this way were plotted against buffer pH (Fig.
). The Boltzman sigmoidal curve which provided the
est fit, crossed the ratio curve of FITC bound only
utside the E1ATP-binding pocket at external (buffer)
H 6.39 6 0.18 (standard deviation of approximation
ethod). This cross point indicated the same pH inside

nd outside the E1ATP-binding site.
The alternative method based on the quenching of

uorescence of unspecifically bound FITC by anti-Fl.
ITC-labeled Na1/K1-ATPase was quenched by anti-Fl
nd a modified Stern-Volmer plot at different pH-
alues was employed to yield the fractions of inacces-
ible fluorophores (fluorescence intensity at infinitesi-
al quencher concentration) or by the other words, the

xperiment at pH 8.03 shown in Fig. 2 (was repeated
or different pH values). The remaining fluorescence
ignal was considered to originate from FITC bound
ithin the E1ATP-binding site of Na1/K1-ATPase. The
uorescence intensity values at two different wave-

engths, namely l 5 435 nm and l 5 490 nm, were
lotted as ratio F490/F435 against the pH of the TEPA-
uffer in which Na1/K1-ATPase was suspended (Fig.
). The best data fit crossed the pH curve obtained for
he FITC fluorescence ratio outside the E1 pocket at the
external) pH of 6.12 6 0.18 (Fig 3).

FIG. 3. Dependence of fluorescence ratio (F 490/F 435) of FITC-label
m (F490) or at lex 5 435 nm (F435), and the emission was observed at
.36 to 8.62. Experimental points and best fits: a) F —, FITC-labeled
total); b) 1 - - -, Na1/K1-ATPase nonspecifically labeled by FITC (
uorescence intensity ratio in the E1ATP-binding site: c) ■ – – –, ma
) 3 – - –, application of anti-Fl, the infinitesimal quencher conce
riginating in the E1ATP-binding site.
219
ISCUSSION

The same inhibitory effect of both FITC labeled and
oubly labeled (FITC and Cr(H2O)4AdoPP[CH2]P) en-
yme simultaneously with a significantly lower bind-
ng ratio of FITC per a-subunit in the case of
r(H2O)4AdoPP[CH2]P pretreated enzyme, was a clear

ndication of Cr(H2O)4AdoPP[CH2]P binding to the
ame binding site as FITC, namely to the E1ATP-
inding site (3,11). Thus, the observed difference be-
ween FITC binding ratio of the untreated and
r(H2O)4AdoPP[CH2]P pretreated Na1/K1-ATPase
ould provide us with the information how many

1ATP-binding sites can be presented simultaneously
n one a-subunit.
The number of FITC molecules bound to Na1/K1-

TPase was obtained by an absorption spectroscopy
nd confirmed by a quenching method. According to
he modified Stern-Volmer plot, anti-Fl quenched ap-
roximately 76% of total fluorescence intensity at pH
.0. This pH and wavelengths lex 5 490 nm and lem 5
25 nm were chosen because of most often used condi-
ions in studies of anti-Fl fluorescein interaction
16,24,25,27). Under these conditions, anti-Fl IgG
uenched more than 95% of all accessible FITC fluoro-
hores (16). Then the quenching of 76% of the total
uorescence means there was 76–80% of FITC fraction

Na1/K1-ATPase on pH. Fluorescence was excited either at lex 5 490
5 525 nm in TEPA-buffers with 8 different pH-values ranging from
1/K1-ATPase (both inside and outside of the E1ATP-binding pocket,
binding to the E1ATP-binding site was blocked, Fout). Calculated

matical subtraction of FITC spectra at each wavelength (see Eq. 3);
ation model (see text) yielded the residual fluorescence intensity
ed
lem

Na
the
the
ntr
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ence signal (24%) indicated the inaccessible FITC mol-
cules fraction of 20–24% which was “hidden” in the
1ATP-binding site of Na1/K1-ATPase. This estima-

ion was in a good agreement with the absorption mea-
urement showing that 22% of the total FITC (0.5 mol
ITC/mol a-subunit) can be found inside the ATP-
inding site. These results and the data about accessi-
ility of 78% of attached FITC clearly showed that
ITC labeled specifically only half of the present
-subunits of Na1/K1-ATPase. This supports the (ab)2-
iprotomeric model with two co-operating ATP-binding
ites on different a-subunits (3,4) and enables a single
olecule imaging of individual ATP turnovers (26) in

lose future.
Iodide choline quenched fluorescence of FITC bound

oth outside the E1ATP-binding site and inside the
ocket. Iodide anions are small enough to penetrate to
he FITC occupied pocket, accessibility of the pocket
as, however, lower even to iodide. This was revealed
y the Stern-Volmer quenching constant KI, which is
maller when fluorescence of nonspecifically FITC
ound to the Na1/K1-ATPase was prequenched by
nti-Fl (Fig. 1). This was a clear confirmation of two
opulations of FITC-molecules attached to Na1/K1-
TPase.
The sigmoidal curves obtained as fluorescence inten-

ity ratio F 490/F 435 (Fig. 3) were very similar to those of
uorescein, free FITC, fluorescein-ethylendiamino-
uabain and FITC bound to other proteins and sugars
15,27). The two curves of FITC bound only inside the
ocket based both on the mathematical subtraction of
pectra and on the FITC fluorescence quenching by
nti-Fl qualitatively corresponded to each other. How-
ver, a small discrepancy between them may be due to
npredictable quenching mechanism at higher anti-Fl
oncentration (from 45 mg/ml per 650 ml/ml of FITC
abeled Na1/K1-ATPase), especially at lower pH. The
H dependence of the inaccessible and nonquenched
ITC fraction was sigmoidal (Fig. 2). Reportedly, that
asic form of FITC may be more vulnerable to quench-
ng than the acidic form. However, according to our
ontrol experiments with extrapolation to infinite con-
entration we believe that both forms are completely
uenched (27). Therefore, the sigmoidal shape is
aused by fluorescence dependence on pH rather than
y higher inaccessibility of FITC hidden inside the
rotein at acidic environment.
The ratio curve of FITC labeled Na1/K1-ATPase was

ifferent from the curves of FITC covalently bound to
he E1ATP-binding pocket of Na1/K1-ATPase espe-
ially at alkaline pH. There was no shift of curves along
H axis, thus pK of FITC bound outside and inside the
ocket was not significantly changed (Fig. 3). This in-
icated similar chemical environment and binding of
he label in both cases. However, an apparent drop of
220
erved in alkaline buffer. On the other hand, the fluo-
escence ratio in the pocket was slightly higher in
cidic environment. The acidity changes inside of the
ocket does not follow external pH changes. The sig-
oidal curve of the specifically bound FITC differed

rom the unspecifically attached molecules which could
e caused by the buffer capacity of the protein. This
ould be even more pronounced in the small E1ATP-
inding pocket with a limited water accessibility. The
uenching experiments confirmed our presumption
hat the E1ATP-binding site occupied by FITC or at
east its entrance was too small to allow free access to
nti-Fl and, moreover, it restricted even free access of
odide ions. However, water molecules are able to enter
he FITC-labeled pocket which is obvious from the pH
ensitive fluorescence ratio, but water exchange may
e restricted like access of iodide. In conclusion, pH
nside the pocket equals to the external pH at values
bout 6.0–6.5. At physiological pH, let us say pH 7.5,
he acidity in the pocket is, as follows from Fig. 3, lower
han 7.0.
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