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The existing evaluation criteria of novel fluorescent dyes proposed as potential fluores-
cent probes for proteins have been considered and a method has been proposed to unify the
approach to the sensitivity and specificity evaluation of a new dye at interaction with a
protein. The conditions of the evaluation applicability to the property selection and
comparison for novel dyes proposed as potential fluorescent probes are analysed.

PaccmoTrpeHsl CyIIeCTBYIOIMME KPUTEPHUU OIEHKM CBOMCTB HOBBIX (PIyOpPeCIeHTHBIX Kpa-
cureseil, IpeaaraeMblXx B KaueCTBe IMOTEHIHAJIBHBIX (PIYOPECIeHTHBIX 30HIOB IJid 0EIKOB,
U IPeAoMeH crocod yHuMHUKAIUY HOAXO0LA K OlEHKe UYBCTBUTEJIBHOCTU U CIeNH(MUIHOCTH
HOBBIX KpacHTeJel IIPU B3auMOAeUCTBUHU ¢ 0eaKOM. AHAIUBUPYIOTCS YCJAOBHUSA IIPUMEHKMOC-
T ITAHHOUW OIIEHKM IIPU OTOOpPe M CPaBHEHHU CBOMCTB HOBBIX Kpacurenaeii, mIpemjaraeMbixX B
KadvecTBe MOTEHIIUNAJIbHBIX (DIYOPECIEeHTHBIX S30HLOB.

To date, numerous fluorescent dyes have
been synthesized with various spectral and
luminescence properties that offer wide pos-
sibilities for the use thereof in medical and
biologic investigations as fluorescent labels
and probes. The fluorescent probes (FP),
unlike the labels, are not bound covalently
with biologic macromolecules but are in
thermodynamic equilibrium state between
the solvent (usually an aqueous solution)
and the biologic object being studied [1, 2].
Possessing a certain affinity due to their
unique chemical structure, the probes are
sorbed by the biologic macromolecules at
specific sites being referred to as "sorption
centers” (SC). The presence of the FP mole-
cules in the SC is due in essence only to a
long time of the due molecules localization
near those centers as compared to the aver-
age localization time of the molecules in the
solution. The affinity of a specific FP to a
specific SC is influenced by several factors,
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including the FP chemical nature and stere-
ochemistry, complementation to specific
binding sites of the macromolecule and the
probe/protein molar ratio. It is just the lat-
ter factor that makes it possible to use the
FPs as sensitive indicators of the protein
conformation state and binding ability.
However, to date, there are essentially no
general and universal criteria to evaluate
comparatively the sensitivity and specificity
of those substances in relation to the bio-
logic objects to be studied. Some progress in
this way was provided by [3], but the FP
sensitivity and specificity evaluation crite-
ria proposed by that author are not univer-
sal, since those are dependent on the spe-
cific experimental conditions.

In this work, criteria are considered pro-
viding an universal evaluation of the novel
fluorescent dyes proposed as potential fluo-
rescent probes in the investigations of the
protein conformation state changes. The
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binding constant K characterizing quantita-
tively the efficiency of a FP binding with a
protein molecule is among the most widely
used parameters being determined when
evaluating the FP interaction with proteins.
The K is determined by double fluorimetric
titration of the probe solution with the pro-
tein followed by that of the protein solution
with the probe and construction of the
Scatchard plot [1, 2]. Consideration of the
K allows to evaluate also the protein bind-
ing ability (PBA). The approaches to evalu-
ation of albumin binding ability (ABA)
using FP have been elaborated in [3, 4].

To evaluate comparatively various dyes
being potential FP, the following parame-
ters are proposed to be used: (1) sensitivity
index characterizing the signal intensifica-
tion due to the probe binding to the protein
and associated with solvatochromic proper-
ties of the dye and (2) the PBA relative to
the FP being considered. These parameters
can be evaluated for limiting cases (probe
excess or protein excess) by varying the
protein/probe ratio.

In diluted solutions, the fluorescence in-
tensity F can be presented as [3]

F = 2.8I,6¢lC = ASC, (1)

where I, is the exciting light intensity; e,
molar absorption coefficient of the fluorophor
at the exciting wavelength; ¢, the fluores-
cence quantum vyield; [, the optical path
length; C, the fluorophor concentration. This
equation can be presented by the product of
the instrument constant A, the parameter
S = g characterizing the fluorophor absolute
sensitivity and its concentration C.

In [3], the FP sensitivity has been con-
sidered to be in proportion to difference in
its fluorescence with and without the pro-
tein:

= AS, - S)Cy, )

where F, and F(, are the FP fluorescence
intensities in the solution with and without
the protein, respectively; St and S, the ab-
solute sensitivities of the free and bound
probe, respectively; C; and Cp, the free and
bound probe concentrations, respectively;
Cy = C; + Cp, the probe total or initial con-
centration. In this case, the signal intensifi-
cation due to the FP binding to the protein
is in proportion to the bound probe concen-
tration and to the value of its solvatochromic
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effect that can be determined from the dif-
ference between the probe fluorescent sensi-
tivity in the free and bound states (S,—Sj).

In practice, the fluorescence intensity is
measured in conventional units, the abso-
lute value thereof depending on the measur-
ing instrument and conditions. To get rid of
the instrument characteristics and evaluate
properties of the FP itself, relative values
should be considered. This can be attained
by two methods:

First, by comparing the characteristics
of the probe under study with those of an-
other well-known probe, thus being used as
a reference. This approach has been realized
in [3] where the AF/AF(ANS) is used as the
criterion of the probe properties (that is,
the ANS probe is used as the reference). If
the values included in that ratio are meas-
ured using the same instrument (or two
fully identical instruments) and at the same
probe and the protein concentrations, then,
as is shown in [8], the above ratio becomes
equal to that of absolute sensitivities of the
studied probe and the "reference” one. How-
ever, it is not always possible to measure
using identical instruments and in identical
conditions, thus, the potential of the ap-
proach is limited. The reference probe is not
always available, too.

Second, to use as the probe characteristic
a dimensionless ratio of the measuring re-
sults related to the specific probe only, that
is independent of the instrument constant
and, as far as possible, of the solution com-
ponent concentrations.

To provide the comparison of the FP pa-
rameters determined in different conditions,
we propose to use as the FP sensitivity char-
acteristic the dimensionless ratio of its fluo-
rescence intensities in the solution in the
presence and absence of the protein, i.e.,

and the parameter

that includes in the optimal manner the
most important parameters that charac-
terize the FP and its interaction with the
protein and does not comprise the instru-
ment constant or other parameters concern-
ing the specific experimental conditions.
For investigations and for practical pur-
poses, of the most importance is to carry
out the measurements in two limiting cases,
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namely, at the excess of the protein and at
that of the probe [3,4].

In the presence of excess protein, the
probe acts as the marker of the protein
structure state. In this case, it is possible to
suppose that the probe is bound essentially
completely and only one type of the protein
SC (exhibiting the highest affinity) is filled.
Assuming that the probe fluorescence signal
reflects only the change in the binding cen-
ter hydrophobicity due to the protein struc-
ture transformations [3], we get C, >> C;
and Cp, — Cy. In this case, the FP fluores-
cence intensification in the solution con-
taining the protein is described as

AF = A(Sy, — S7)Cy. 6))

Accordingly, the fluorescence sensitivity
of the probe as the marker of the structure
state is S; = S,—S; and is defined fully by
the FP solvatochromic properties. The sig-
nal intensity AF is independent of the pro-
tein concentration and increases in parallel
with the total FP concentration. The probe
fluorescence is intensified also with increas-
ing hydrophobicity of the protein binding
centers in proportion with the increase of
the solvatochromic effect.

The sensitivity of a specific FP can be
evaluated in relation to that of the ANS FP
using the AF measurements for all the
probes in identical experimental conditions
(using one and the same instrument at the
same initial probe concentration Cg) [3]:

In the presence of excess protein, the FP
is bound essentially completely, thus,

Cb = Co. (7)

In this case, the parameter f can be pre-
sented by a simple relation

[=(Sy=Sp/S;=51/58p, ®

where S; = S,—S; is the fluorescence sensi-
tivity of the probe as the marker of the
protein structure state [3].

The formulas (2) through (8) are written
under assumption that the protein molecule
contains the binding centers of one type
only. This simplifying assumption does not
effect the correctness of expressions (7) and
(8), since in the presence of excess protein,
only one SC type of the highest affinity is
filled. But to consider the case of excess
probe, the formulas (2) through (4) should
be first generalized under assumption that
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the absolute sensitivity S, of the bound probe
will be different for different SC types. In
this case, the product S,C, in (2)—(4) is to be
replaced by the sum

z SpiCpis

where the summation is done over all the
binding center types of the protein mole-
cule. Then the formulas (2) through (4) are
transformed to the from

AF = F, - Fo = AQ SpCp; + S{Cp) - ASC %)
=AY (Sp; — SpCys»

Fy=F,/Fy=1+[YCpfSy; - Sf)]/SfCO,(IO)

f= fl -1= [zcbi(sbi - Sf)]/SfCO' 11)

In conditions of an excess of the probe,
the fluorescence measurement results make
it possible to evaluate the PBA basing on
the competition of the probes with toxic and
pharmacological ligands tending to the same
SC of the protein. That competition makes a
base for the use of FP in diagnostics. In the
presence of excess probe, all the binding
centers of the protein become filled com-
pletely. For the concentration of the probe
bound by the specific type of the binding
center, is valid

Cp; = N,P, (12)

where P is the protein concentration; N,
number of the i-th type binding centers in
an individual protein molecule. Then the
formulas (9) through (11) take the form

AF = F, — Fo = A(P) N;Sp; + S;Cp) — ASC,y =
= AP (Sp; = SPN;» (13)

f1=F,/Fy=1+[PY.N(Sy - Sp1/8,Co,(14)

f=1f1-1=[PY NSy~ Spl/S:Co. (19)

Introducing the average value of the
bound probe absolute sensitivity

<Sp>=(1/N)> NSy, (16)

where N = ZNi is the total SC number in

an individual protein molecule, the formu-
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las (13) through (15) can be presented in
the form

AF = Fp - FO :A(NP<Sb> + Sfo) _ASfCO =
= ANP(<Sy> - ), 1"

f1=F,/Fy=1+[NP<S,> - Spl/S,C, (18)

f=f1-1=NP<S,>-S)1/SCo. (19)

The expression (17) coincides with the
result from [3]. The PBA measure is the
absolute sensitivity S,

Sy = N(<Sp> - Sy) (20)
and its ratio to the free probe sensitivity
S2/Sf = N(<Sb> — Sf)/Sf’ (21)

that, in the case of excess probe, is related
to the parameter f as

Sy/Sp=N(<Sy>—Sp)/S;=fCy/P. (22)

In [3], it is the Sy/S2ang) ratio that is
the PBA measure.

Thus, the relationships (3), (4), (8), and
(22) obtained in this work make it possible
to unify the approach to the sensitivity and
specificity evaluation in the selection and
comparison of novel dyes proposed as poten-
tial fluorescent probes for proteins.
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YHigikania miaxoay A0 OIIHKM YYTJIMBOCTI i
cuenudpivHOCTI HOBMX OAPBHUKIB — NOTEHI[iHHUX
¢dpayopeciieHTHUX 30HAIB OJA OLIKIB

0.I'.Oxnaonou, T.C./J106x0

Posraanyro icuyroui Kpurepii omiHKU BJACTUBOCTEH HOBUX (DIyOpeCcIleHTHUX 0apBHUKIB,
K] TPOTIOHYIOTHLCA B AKOCTI TMOTEHIIITHNX (QIYOPECIleHTHUX 30H/IB A 6inKiB, 1 3ampomono-
BaHo cmoci6 ymidikamii migzxoay mo omiHku uyTamBocTi i cmenudiunocTi HOBUX OapBHUKIB
mpu B3aeMonii 3 6iMKOM. AHami3yHOTHCS YMOBM 3aCTOCYBAaHHSA MaHOI OIiHKW mpu Bimbopi i
MOPiBHAHHI BIaCTUBOCTeil HOBUX OapBHUKIB, AKi MPOTOHYIOTHCA B AKOCTI MOTEHITIHHUX (IIy-

OPECIIEeHTHUX BO0H/IiB.
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