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Binding of 1-Anilino-8-naphthalenesulfonate to Polyvinylpyrrolidone, Poly-N-
vinyl-2-oxazolidone, Poly-N-vinyl-5-methyl-2-oxazolidone and
Polyethylene Glycol-20M in Aqueous Solution!-3
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The binding mechanism of 1-anilino-8-naphthalenesulfonate (ANS), called ‘“hydro-
phobic probe,” to polyvinylpyrrolidone (PVP), poly-N-vinyl-2-oxazolidone (PVO), poly-
N-vinyl-5-methyl- 2-oxazolidone (PVMO) and polyethylene glvcol-20M (PEG-20M) was
investigated as an approach to understanding of the interaction between ANS and
biological components.

A high fluorescence emission was observed when the above synthetic water soluble
polymers were added to aqueous solution of ANS. The emission maximum appeared at
480 my by the excitation at 365 mu in the cases of PVP K-15, PVP K-30, PVO and PVMO,
and at 475 myu in the case of PEG-20M. The fluorescence was polarized in ANS/PVP/
water, as was described with Perrin’s equation. The enhancement and the shift of fluores-
cence emission were not observed in ANS/polyethylene iminc/water.

The shift of signals to higher field on the proton magnetic resonance spectra of the
model systems ANS/N-methyl-2-pyrrolidone/D,0 and ANS/N-chloroethyl-2-oxazolidone/
D,0O suggested that ANS may stack on pyrrolidone and oxazolidone rings, respectively.

PEG-20M gave a ultraviolet absorption spectrum and another infrared absorption
around 1515 cm~! than PEG 4000 and 6000 did and also gave two peaks on the gel permea-
tion chromatogram. The fluorescence intensity at 310 mu, excited at 265 mu, decreased
with the increase of concentration of ANS. Accordingly, it was considered possible that
some aromatic residue was incorporated in the PEG-20M molecule as have been reported
in some other cases and this residue played an important role in the binding of ANS to
PEG-20M. :

It has been reported that such polycyclic aromatic compounds as 1-anilino-8-naphtha-

lenesulfonate (ANS), 2-p-toluidinylnaphthalene-6-sulfonate, and related compounds do not
fluoresce in water but fluoresce strongly when bound to certain native proteins or other biolo-
gical materials,%® being called “hydrophobic probes™ in biological field. Especially, ANS,
has been used widely as a reagent for qualitative analysis of hydrophobic portion and micro-
environment of proteins™® or membranes.*-' However, the mechanism of the binding of
ANS to biological components is not fully understood, as may be due to the complexity of the
structures of these components.
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In this connection, it was reported in a preliminary communication,? that ANS fluo-
resces strongly also when bound to water soluble synthetic polymers, such as polyvinylpyr-
rolidone (PVP) and polyethylene glycol-20M (PEG-20M). The elucidation of the mechanism
of this binding may give useful informations for an understanding of the interaction between
ANS and biological components.

The present study was attempted to discuss the binding mechanism between ANS and
these synthetic polymers on the basis of such data as fluorescence spectra, proton magnetic
resonance spectra and polarization of fluorescence, including the related data on poly-N-
vinyl-2-oxazolidone (PVO) and poly-N-vinyl-5-methyl-2-oxazolidone (PVMO) which are
similar to PVP in structure and in complexing tendency with various pharmaceuticals.1®

Experimental

Materials——Two kinds of polyvinylpyrrolidone (PVP) marketed as “PVP K-15" and PVP K-90” by
Gokyo Sangyo Co., Ltd. were fractionated by gel filtration using Sephadex G-100 and then lyophilized.
The average molecular weight was estimated from the viscosity according to the equation reported by Schol-
tan.!® Poly-N-vinyl-2-oxazolidone (PVO), poly-N-vinyl-5-methyl-2-oxazolidone (PVMO) and N-chloro-
ethyl-2-oxazolidone (NCO) were gratefully supplied by Dr. Takeshi Endo of Tokyo Institute of Technology.1®
Polyethylene glycol-20M (PEG-20M) marketed by Union Carbide Chemicals Co. was dissolved in benzene
to remove the insoluble portion by filtering through No. 4 glass filter and then precipitated with ethyl ether.
This procedure was repeated three times. The average molecular weight was calculated from the viscosity
according to the equation reported by Bailey, ¢t al.’® Polyethylene imine marketed by Dow Chemicals
Co. was used without purification. 1-Anilino-8-naphthalenesulfonate (ANS) and deutrium oxide used
were of the reagent grade. N-methyl-2-pyrrolidone (NMP) was used after purifying by vacuum distil-
lation. The water used as solvent was prepared by distillation after treated with ion-exchange column.

Procedures Viscosity measurement was done by a Ubbelohde type viscometer at controlled tem-
perature. Fluorescence intensity and spectra were measured with a Hitachi 203 fluorescence spectro-
photometer with a QPD-53 recorder. Ultraviolet (UV) absorption spectra were measured with a Hitachi
124 double beam spectrophotometer. Proton magnetic resonance spectra were measured in various deutrium
oxide solutions by a Nippon Densi 4H-100 spectrometer, using 3-(trimethylsilyl)propane-1-sulfonate as
the internal reference. Fluorescence polarization studies were carried out by a Shimadzu PE-21 light scat-
tering photometer equipped with temperature controlling bath,® excited by the natural light through
365 my filter, and the polarization of the light emitted was given by the following expression!?: P=
(I;j—I1)[(Iyy+1L1), where Ij;and I, are the emission intensities given by positioning the analyzer paralell
and vertical, respectively, to the direction of the cell. Molecular weight distribution was determined
by a Shimadzu GPC-1A gel permeation chromatography, using tetrahydrofuran as the elution solvent.

Result and Discussion

Binding of ANS to PVP, PVO, and PVMO

A striking enhancement of fluorescence took place upon the addition of PVP to aqueous
solution of ANS, and the emission shifted from green to blue. According to the differential
absorbance spectrophotometry, any substantial change was not detected in the UV absorp-
tion spectrum of ANS upon the addition of PVP except for the shift of the maximum at 265
my to 268 my.

It was confirmed by equilibrium dialysis method separately that ANS binds to PVP. The
enhancement of fluorescence upon the addition of PVP to ANS was considered due to the
binding of ANS to PVP. In simple aqueous solution, ANS has a weak quantum yield and the
emission maximum exists at 515 mp. Binding to PVP, this maximum moved to 480 mp
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as shown in Fig. 1. Average molecular weights of
PVP K-15 and K-90 were about 9 x 103 and 45 X 104,
respectively, but the emission maximum appeared
at an identical wave length. The effect of PVP
K-15 on the fluorescence of ANS, excited at 365
my and analyzed at 480 my, is shown in Ifig. 2.

If a fluorescent molecule is attached by a
polymer or if it is in a high viscous solution, some
degree of polarization may be retained in the
fluorescence because of the restriction of rotational
motion of the molecule.!”? In the present study,
the fluorescence was polarized when ANS bound
to PVP, and a linear relationship was obtained
between (1/P-+1/3) and T/y, as shown for ANS/
PVP K-15 system in Iig. 3, according to Perrin’s
equation for natural exciting light'?:
(1/P+1/3)=(1/Py+1/3)(14+RTz[yV), where 7 is the
lifetime of the exciting state, R the gas constant,
T the absolute temperature, » the viscosity of the

Unit at 480 myu in the Binding of ANS to
PVP K-15, Excited at 365 mu at 25°

o
—

—

—@—: 3 mg/ml of PVP K-15
—/A—: 2 mg/ml of PVP K-15
—x —: 1 mg/ml of PVP K-15

20 =
:;,“"
15 -
’/
“10f 7
5
1 2 4 5 5 % 10°
T[n (°K /poise)
Fig. 3. Perrin’s Plot for the Solution

Containing 5 ug/ml of ANS and 3
mg/ml of PVP K-15, in which no
Unbound ANS Molecule was ex-
pected to Exist

solution, V the volume of the fluorescent molecule, P the fluorescence polarization, and P,

the value of polarization extraporated to T'/7=0.
of ANS to PVP.

This

result also may confirm the binding

A high fluorescence emission was observed also when PVO or PVMO was added to aque-
ous solution of ANS. The wave length of emission maxima was the same as the case of
PVP, i.e., 480 mp. The blue shift of emission maximum observed upon the binding of ANS
to macromolecules was considered due in part to the polarity of the binding site.®® From
the above result, the binding site of PVP, PVO, and PVMO seemed to have the same polarity.

However, there is given some contradiction.

That is, chemically the molecules of PVO
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and PVMO are considered more polar than PVP because they have three electronegative
centers which may contribute to the polarization in the oxazolidone portion of the respective
molecules.’»1®  An explanation for this contradiction may be given as follows: contrary
to PVP, PVO, and PVMO in aqueous solution separate above 40° as the “cloud point” of
nonionic surfactants consisting of ethylene oxide group, and thus the oxygen in the exazol-
idone monomer unit of PVO and PVMO is similar to that of ethylene oxide group of monionic
surfactants in a high possibility of interacting with other molecules in aqueous solution.1®

The enhancement of fluorescence emission and the shift of fluorescence were not observed
when polyethylene imine was added to aqueous solution of ANS. The appearance of fluo-
rescence of ANS is considered very sensitive to electrostatic interaction.’ Therefore, if ANS
bound to polyethylene imine with ion-bonding by sulfonate ion only, it should fluoresce
strongly. On the other hand, though ANS fluoresced upon the binding to PVP, PVO, and
PVMO as is described before, these polymers are considered to have no ionic portion in the
respective monomer units because even the nitrogen atom of pyrrolidone or oxazolidone
group is suggested to be of little charge.?? Accordingly, a possibility of ionic interaction may
be excludedregarding the mechanism of binding of ANS to PVP, PVO and PVMO.

The fluorescence of ANS is considered to be influenced also by the rigidity of the bind-
ing site.?? Therefore, if an entanglement of polymer chain took place, ANS should be en-
closed in the chain and a free rotation of ANS molecule should be blocked to result in a fluo-
rescence emission. However, in the present study, the concentration of PVP, PVO or PVMO
was very low and thus the effect of the entanglement of polymer chain on the fluorescence
emission of ANS also might be negligible.

Moreover, though ANS has been used as a characterizing reagent of hydrophobic region
of proteins or membranes, 7.c., ‘“hydrophobic probe,” it bound to PVP, PVO, and PVMO
which seem less hydrophobic than the binding
site of proteins or membranes because they
have the hydrophobic portion in the respec-
tive hydrocarbon chains only. Therefore, an
aditional mechanism of binding should be
taken into consideration for an understanding
of the present binding system. It has been
known that a proton magnetic resonance
: V\\_\M spectroscopy is useful to an investigation of an
i interaction of polymer with small molecule.22,23
Since it was impossible to assign the proton
T magnetic resonance spectra obtained for the

z i 3 3 i ppm  present binding system because of a broadening
I'ig. 4. Proton Magnetic Resonance Spectra of Signals’ NMP and NCO were used as the
of NMP/D,0 and ANS/NMP/D,O at 100 model compounds of PVP and PVO, respec-
MHz tively. The signals of NMP and NCO sepa-
-----: 3.7 mg/ml of NMP B rated from that of ANS which appeared
b S bt of arround 6.5—8.5 ppm. In the presence of

ANS, the spectrum of NMP made a marked
change, and all methylene proton signals, except that of N-CH,, moved to higher field,
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as shown in Fig. 4. Similar changes were observed in various concentrations of ANS.
In the case of NCO also, there was observed a shift of signals to higher field similar
to the case of NMP. Although these model experiments carried out under the conditions
different from those for the binding study of ANS to PVP and PVO described before, the
shift of signals to higher field mentioned above suggested that ANS might stack on pyr-
rolidone and oxazolidone rings, respectively.?? In this connection, Scholtan described the
participation of hydrogen bonding in binding of some dye to PVP.?»  Conclusively, it seemed
reasonable that a stacking phenomenon might participate together with hydrogen bonding
in binding of ANS to PVP and PVO.

Binding of ANS to PEG-20M

It was reported in a preliminary communication® that the fluorescence emission maximum
of ANS was observed at 475 my. with addition of PEG-20M and at 500 my with addition of
PEG 4000 and PEG 6000, and the fluorescent intensity of the former case was higher than
the latter.
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Fig. 5. Absorption Spectrum of 100
ug/ml of PEG-20M in Water

The sample of PEG 20M of average molecular weight about 2x10* used was puritied
by reprecipitating with ethyl ether from dilute benzene solution several times, as described
before, but its aqueous solution gave a UV absorption spectrum, as shown in Fig. 5. It is
generally considered that PEG is a polymer of ethylene oxide monomer unit having no [6AY
absorbing group, and thus the above result is very interesting. According to the gel per-
meation chromatography of PEG-20M, two peaks appeared in the elution pattern, as shown
in Fig. 6, suggesting that a part of higher average molecular weight was included, and this
tendency was not displayed in the case of PEG 4000 and PEG 6000. The infrared absorp-
tion spectrum of PEG-20M also showed an existence of another group than ordinary ethylene
oxide one, i.e., the absorption around 1515 cm~!. From these results, it was considered
possible that PEG-20M might have been made by polymerization from such a low molecular
weight one as PEG 6000 with some aromatic diisocyanate compound, as is sometimes done
in a synthesis of higher polymer accompanying a formation of urethane bonding.**”  Accord-

24) O. Jardetzky, Biopolymers Symposia, 1, 501 (1964).
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ingly, the difference between ANS/PEG-20M/water and ANS/PEG 4000 or 6000/water in
7max and intensity of the fluorescence was considered to be originated from the structure
speciality of PEG-20M rather than the molecular weight dependency.
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In a similar way to the case of ANS/PVP/water, the fluorescence of ANS/PEG-20M/
water, excited at 365 my, increased with the increases of concentration of ANS and PEG-20M,
as shown in Fig. 7. The fluorescence spectrum of ANS/PEG-20M/water, excited at 265 my.
where both ANS and PEG-20M made absorption, gave two maxima at 310 mp. and 475 my,
which were considered due to PEG-20M and ANS, respectively. The intensity at 310 my.
decreased with the increase of concentration of ANS, as shown in Fig. 8, while the one at 475.
mu increased in the same tendency as shown in Fig. 7. In this connection, it is known that
an energy transfer or molecular association contributes to a quenching phenomenon of fluo-
rescence,?® and it has been reported that the quantum yield of aromatic amino acid quenches.
when ANS binds to proteins.® In the present case, therefore, the excitation energy level
of the aromatic residue in PEG-20M mentioned already was considered to be influenced by
the ANS molecule bound on it. In other words, this aromatic residue was considered to play
an important role in the binding of ANS to PEG-20M.

As a result, it may be concluded that ANS binds to a very specific site of high polymers
and not always to the hydrophobic portion of proteins of membranes.
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