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Aim. The activity of five hafnium phthalocyanines containing out-of-plane ligands as inhibitors of reaction of
insulin fibril formation is studied and correlation between their inhibitory properties and tendency to self-
association is discussed. Methods. Fluorescence and absorption spectroscopy. Results. For the complexes with
weak proneness to self-association PcHfDbm,, PcHfPyr, and PcHfBtfa, the values of inhibitory activity were
estimated as 60-73 %. For phthalocyanines with the pronounced tendency to self-association PcHfPiromelit
and PcHfCI, the noticeably higher inhibitory activity values (about 95 %) were shown. In the presence of native
or fibrilar insulin the destruction of self-associates of metal complex occurs in buffer pH 7.9, Besides upon the
conditions of insulin fibrillization reaction (0.1 M HCI) phthalocyanines exist predominantly as monomers.
Conclusions. The phthalocyanines with out-of-plane ligands with higher tendency to self-association have
shown higher inhibitory activity in the insulin fibril formation comparing with the poorly aggregated metal comp-
lexes. At the same time low-order self-associates are not involved directly in th] mechanism of inhibition of in-
sulin fibrillization and the phthalocyanines bind with protein in monomeric form. Tendency of phthalocyanines
to self-association in aqueous media seems to be an «indicatory of their proneness to stack with protein aro-
matic amino-acids and thus of anti-fibrilogenic properties.

Keywords: amyloid fibril, phthalocyanines, inhibitors of fibril formation, insulin, aggregation of phthalo-
cyanines, fluorescent dye.

Introduction. Pathogenesis of many diseases, inclu-
ding neurodegenerative disorders (Alzheimer’s, Parkin-
son’s, Huntington’s chorea) is accompanied by forma-
tion of the B-pleated aggregates of proteins, so-called
amyloid fibrils [1]. In each of these pathological con-
ditions specific proteins or protein fragments alter the
natural soluble form to insoluble fibrils that accumulate
in various organs and tissues [2].

Among the compounds able to suppress the amyloid
fibril formation, planar macrocyclic metal complexes —
phthalocyanines were reported [3]. Due to their high in-

© Institute of Molecular Biology and Genetics, NAS of Ukraine, 2013

hibitory activity, low toxicity and ability to overcome
blood-brain barrier [4], the compounds of this class are
considered as prospective anti-fibrillogenic agents.

Among the properties that could affect the anti-fib-
rillogenic and anti-prion activity of phthalocyanines is
the tendency of metal complex to self-association [5,
6]. Lamberto et al. have shown that the differences in
binding capacity and anti-amyloid activity of phthalo-
cyanines towards alpha-synuclein are attributed to their
relative ability to self-stack through nt-w interactions mo-
dulated by the nature of a metal ion. The low order sta-
cked aggregates of phthalocyanines were identified as
the active amyloid inhibitory species [5].
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Recently the anti-fibrillogenic activity of phthalo-
cyanines with out-of-plane ligands has been reported
[7]. In contrast to usually planar porphyrine and phtha-
locyanine molecules these metal complexes have a ste-
ric content due to the presence of out-of-plane ligands
bound to the central metal atom. These complexes are
able to inhibit the reaction of insulin fibrillization and
to redirect its pathway to the formation of oligomeric
aggregates [7].

The current work is aimed at studying the inhibitory
activity of series of five hafnium phthalocyanines contai-
ning out-of-plane ligands of various chemical nature
(Fig. 1) in the reaction of insulin fibrillization and at in-
quiring into the role of phthalocyanines self-association
in anti-fibrillogenic properties. The inhibitory activity of
metal complexes is determined using earlier reported
fluorescent cyanine based inhibitory assay [8]. For the
study on phthalocyanines self-association the absorp-
tion spectra were obtained for both free metal comple-
xes and in the presence of native and fibrillar insulin.

Materials and methods. Hafnium phthalocyanines
with out-of-plane ligands were synthesized as described
in [9-11]. These compounds were of intensive green—
blue color and had moderate solubility in DMF. Phtha-
locyanines were stable under the experimental condi-
tions. Composition and structure of complexes were con-
firmed by '"H NMR and element analysis on metal. Stock
solutions of phthalocyanines in concentration of 2 mM
were prepared by dissolving the compound in DMF.
Amyloid-specific cyanine dye 7519 [12] was kindly pro-
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Fig. 1. Chemical structure of
hafnium phthalocyanine with
out-of-plane ligands: dibenzo-
E ylmethane (4 — PcHfDbm,);
pyromellitic acid (B — PcHf

Piromelit);  benzoyl-1,1,1-tri-

fluoroacetone (C — PcHfBtfa,);

1-phenyl-3-methyl-4-benzoyl-

pyrazolone-5 (D — PcHfPyr,);

D chlorine atoms (£ — PcHfCL,)

vided by Dr. O. I. Tolmachev and Dr. Yu. L. Slominskii
(Institute of Organic Chemistry of NAS of Ukraine).
2 mM dye stock solution was prepared in DMF.

Insulin fibril formation. Human insulin (Private Joint
Stock Company «On the production of insulin «Indar,
Ukraine) was dissolved at 340 uM concentration in
100 mM water solution of HCI (pH 2). Fibrils were for-
med by incubating the protein solution in a water bath
at 65 °C for about 5 h. Aliquots of the reaction mixture
were withdrawn from each tube at about 90, 150, 240,
and 300 min intervals to allow spectral measurements
using dye 7519. For this, 10 pl aliquots of the aggrega-
tion mixture were added to 1 ml of a2 uM dye solution
in 50 mM Tris-HCI buffer, pH 7.9, insulin concentra-
tion was thus 3.4 uM [7]. The dye 7519 was earlier
shown to bind specifically to the fibrillar form of in-
sulin accompanied with sharp increase in fluorescence
intensity. Since the dye specifically binds predominant-
ly to the aggregated form of insulin (both fibrillar and
oligomeric) we believe the dye fluorescence intensity to
be an adequate characteristic to estimate the quantity of
aggregated protein (the free dye demonstrates much
lower emission intensity as compared to its bound form).
All spectroscopic measurements were made immediate-
ly after mixing the protein and dye solutions. Fluores-
cence spectra were registered using fluorescent spectro-
photometer Cary Eclipse («Varian», Australia).

Inhibitory assay. The phthalocyanines PcHfPirome-
lit, PcHfDbm,, PcHfPyr,, PcHfBtfa, and PcHfCI, were
added to the corresponding insulin solution right prior
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Fig. 2. Effects of presence of PcHfPiromelit (2), PcHfBtfa, (3), PcHf
Pyr, (4), PcHfDbm, (5) and PcHfCI, (6) on the kinetics of insulin fib-
rils formation, plotted with phthalocyanine-free insulin control (K —
1). The reaction mixture containing 340 pM of insulin in 0.1 M water
solution of HCl and 100 pM of corresponding inhibitor was incubated
at 65 °C for 5 h. Fibril formation efficiency was assessed with fluores-
cence intensity of dye 7519 using 2 uM concentration. Experiment was
performed three times. Standard deviation of the mean is presented as
the error bars

the beginning of aggregation reaction. The used con-
centration of monomeric insulin was 340 uM, the con-
centration of inhibitors was 100 uM. The procedure of
insulin fibrillization was performed, and the quantity of
the formed aggregates was monitored using the 7519
dye fluorescence as described above.

Inhibitory activity was defined as (1 — 1/1,) - 100 %,
where /, and 7 are the 7519 fluorescence intensity va-
lues for inhibitor-free and inhibitor-containing insulin
solutions respectively. The ratio ///, was considered to
be an adequate estimation of quantity of protein aggre-
gated in the presence of certain inhibitor concentration
Cinh as compared to noninhibited fibrillization pro-
cess. The inhibitor-free sample was used as aggrega-
tion reference; corresponding aliquot of DMF was ad-
ded to this sample to exclude the solvent effect.

Absorption spectroscopy. Absorption spectra were
recorded using Specord M-40 spectrophotometer («Carl
Zeiss», Germany). Phthalocyanines were studied in
50 mM Tris-HCl buffer, pH 7.9 and in 0.1 M HCl (con-
centration range 0.5—-10 uM); in DMSO (concentration
5 uM); and in the presence of 34 uM native or fibrillar
insulin (concentration 10 uM).

Results and discussion. Inhibitory activity of phtha-
locyanines in insulin fibrillization reaction. The kine-
tics of insulin fibrillization in the presence and in the ab-

sence of phthalocyanines was monitored by the chan-
ges in fluorescence intensity of amyloid-sensitive dye
7519 according to the method described earlier [6].

With the passing of insulin fibrillization reaction
we observed the changes in dye fluorescence intensity
upon addition of inhibitor-free samples and samples
containing compounds PcHfDbm,, PcHfBtfa,, PcHfPyr,
(Fig. 2). The presence of samples containing complexes
PcHfPiromelit and PcHfCl, slightly affected the fluores-
cence intensity of dye during the reaction pathway.

Thus it could be concluded that the presence of phtha-
locyanines with spatial substituents containing multip-
le phenyl groups (PcHfDbm,, PcHfBtfa,, PcHfPyr,)
partially suppressed the formation of insulin fibrils. For
these compounds the values of inhibition efficiency (de-
fined as (1 — 1/1,) - 100 %; see Experimental section) va-
ried in the range PcH{Btfa, (60 %) < PcHfPyr, (66 %) <
PcHfDbm, (73 %).

Atthe early stage (=150 min) of the insulin aggre-
gation reaction in the presence of the sample containing
phthalocyanine PcHfDbm, it was demonstrated a high-
er dye emission comparing with inhibitor-free sample.
Thus, we can suppose that the presence of PcHfDbm,
promotes the formation of beta-pleated structures at the
early stage comparing with inhibitor free sample. The
ability of phthalocyanines with out-of-plane ligands to
redirect the insulin fibrillization reaction to the forma-
tion of spherical aggregates was shown earlier.

A higher inhibitory activity was noted for phthalo-
cyanines PcHfPiromelit and PcHfCl,. Their presence al-
most completely suppressed the formation of both beta-
pleated insulin aggregates at the early stages of reaction
and amyloid fibrils. The final inhibitory effects for the-
se complexes were about 94 and 96 % correspondingly.

This observation points to the dependence of inhi-
bitory activity of phthalocyanines on the chemical na-
ture of out-of-plane ligand. Thus the conclusion can be
made about high antifibrillogenic properties of the
complexes with «small size» ligand (PcHfCl,) or ligand
containing carboxy group (PcHfPiromelit) that allows
the electrostatic interaction or hydrogen bonds forma-
tion with protein aminoacids.

Determination of the efficient inhibitory concentra-
tion for PcHfPiromelit. Phthalocyanine PcHfPiromelit
demonstrated a high anti-fibrillogenic activity in the
insulin fibrillization reaction, thus for this complex the
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Fig. 3. Dose-dependent inhibition of insulin aggregates formation by
PcHfPiromelit. The reaction mixtures containing 340 uM of insulin in
100 mM HCI, and 0, 0.5, 2, 10, or 100 pM PcHfPiromelit were incu-
bated at 65 °C for 5 h. Fibrillogenesis efficiency at the given inhibitor
concentration was assessed with 7519 fluorescence emission (/). The
emission intensity in the absence of inhibitor (/,) was regarded as 100 %.
Experimental dependence (squares) was approximated by the sigmoid
dependence (line). The approximation parameter X, equals (Y= 1/(1 +
+ (x/x,)dx); x,=2.8 £ 0.6; dx = 0.7 £ 0.1) to the efficient inhibitor con-
centration

efficient inhibitor concentration was identified accor-
ding to the method described in [6]. The efficient inhi-
bitor concentration is estimated as a concentration of
phthalocyanine at which the dye fluorescence intensity
is half concentraion for the inhibitor free solution. It is
shown that the inhibitory effect enhances with increa-
sing concentration of metal complex in the reaction mix-
ture. The dependence of 1/, on C(inh) for PcHfPirome-
lit is presented in Fig. 3.

Approximation of experimental dependence of /1, on
C(inh) with the sigmoid curve gives the efficient inhibi-
tor concentration IC,, which characterizes the inhibi-
tion of the fibrillization reaction by the studied metal com-
plex. The efficient inhibitor concentration for PcHfPiro-
melit was determined as IC,, = 2,8 £0,6 uM, that is more
that one order lower than the corresponding value (obtai-
ned for inhibition of bovine insulin) for zirconium phtha-
locyanine containing out-of-plane lysine ligands PcZr
Lys, (IC,,=37 £0,6 uM), determined by us earlier [6].

Aggregation of phthalocyanines in buffer, pH 7.9,
and DMSO. To study the aggregation ability of phthalo-
cyanines, we recorded their absorption spectra in polar
solvent DMSO and in 0.05 M Tris-HCI buffer (pH 7.9)
(Fig. 4).

In the spectra of complexes in DMSO two bands we-
re observed, short-wavelength vibronic satellite band
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with maximum near 615 nm and sharp intensive long-
wavelength band with maxima on 679—693 nm. The
profiles of spectra and band positions are typical for mo-
nomeric phthalocyanines.

In absorption spectra of complexes in the buffer the
bands are much wider than in DMSO. They contain two
bands, short-wavelength band or shoulder in the range
642—646 nm and long-wavelength one in the range 685—
700 nm.

It is shown that for PcHfBtfa, (Fig. 4, B), PcHfD
bm,, and PcHfPyr, the long-wavelength band is the most
pronounced and that an increase in the complex concen-
tration does not lead to redistribution of intensities
between the absorption bands. This behavior points to
a low propensity of phthalocyanines to self-associa-
tion. For these complexes the absorption spectra corres-
pond to the monomeric phthalocyanine molecules, the
short-wavelength band could be attributed to the vibro-
nic transition. The inhibitory activity of these comple-
xes varies in the range 60—73 %.

In spectra of phthalocyanines PcHfPiromelit (Fig.
4, A) and PcHfCI, in buffer, the relative intensity of
short-wavelength band increases at higher complex con-
centration, while that of long-wavelength band decrea-
ses. Starting from about 5 uM concentration the short-
wavelength band dominates in the spectra. Such beha-
vior is an evidence of high tendency of the PcHfPirome-
lit and PcHfCI, metal complexes to self-association. In
this case the short-wavelength band belongs to aggrega-
tes of phthalocyanines, while the long-wavelength one
corresponds to their monomers. At the same time, these
complexes demonstrated a very high inhibitory activity —
96 % for PcHfPiromelit and 94 % for PcHfCI,.

In this way we observed a higher anti-fibrillogenic
activity for phthalocyanines with pronounced tendency
to self-association.

An addition of native or fibrillar insulin to the comp-
lex with high inhibitory activity PcHfPiromelit leads to
the significant decrease of short-wavelength aggrega-
tion band and increase of long-wavelength monomeric
one (Fig. 5, 4). Thus it could be concluded that phtha-
locyanine interacts with both native and fibrillar prote-
ins and this interaction leads to the destruction of metal
complex self-associates. It is supposed that phthalocya-
nine molecules bind to the surface of protein in mono-
meric form.
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Fig. 5. Absorption spectra of PcHfPiromelit (/, concentration 10 pM) in the presence of native (2) and fibrillar insulin (3, concentration 34 pM) in

buffer (4) and in 0.1 M HCI (B)

Aggregation of phthalocyanines upon conditions of
fibrillization reaction. Since the reaction of insulin fibril-
lization is performed in acidic media — 0.1 M HCI, the
aggregation tendency of phthalocyanines in these con-
ditions was studied. In absorption spectra of all studied
metal complexes in acidic media the short-wavelength
band (near 650 nm) was observed as less intensive
shoulder, while the long-wavelength band (maximum
about 700 nm) was the most pronounced. Besides, an in-
crease in the phthalocyanines concentration up to 10 uM
did not lead to the redistribution between intensities of
short- and long-wavelength bands (Fig. 6). Thus, the ob-
served absorption spectra belong mainly to monomeric
form of the phthalocyanine. Therefore, we can suppose
that irrespectively of the prone of phthalocyanines to
self-association in aqueous buffer at neutral or low-ba-
sic pH, these complexes did not form aggregates in aci-
dic media at low pH.

It is shown that in acidic media for phthalocyanine
with high inhibitory activity PcHfPiromelit the presen-
ce of native or fibrilar insulin slightly affects the rela-
tion between intensities of short- and long-wavelength
absorption bands (Fig. 5, B) and thus — the aggregation
degree of metal complex.

Hence, we can conclude that in acidic media the me-
tal complexes exist mostly in monomeric form and their
interaction with proteins does not cause the additional
des truction of phthalocyanine self-associates or forma-
tion of associates on protein surface.

The axial coordination with imidazole ring of histi-
dine was reported among the mechanisms of complex
formation of Zn(Il) phthalocyanine tetrasulfonate mole-
cules and protein o-synuclein [4]. For studied phtha-
locyanines we can exclude the possibility of their che-
mical binding to aminoacids due to the nature of metal
atoms and the presence of spatial out-of-plane ligands.
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We propose that high self-association ability of phtha-
locyanines in aqueous media points to a strong stacking
interaction between molecules of the metal complex. In
the presence of protein the stacking of phthalocyanine
molecules with aromatic aminoacids could become mo-
re preferable than self-stacking, that results in the des-
truction of phthalocyanine aggregates and fixation of
the metal complex molecules on the surface of protein.
We could further suppose that even in acidic media whe-
re the aggregation does not occur, the stronger stacking
between metal complexes and aromatic amino-acids
still takes place leading to the inhibition of insulin fib-
rillization

At the same time, the compounds with less pronoun-
ced tendency to stacking interactions poorly form self-
associates and weakly bind with aromatic amino-acids.
Therefore, the tendency of phthalocyanines to self-
association in aqueous media is considered as «an in-
dicator» of their ability to stack with aromatic amino-
acids of protein and thus their anti-fibrilogenic activity.

Conclusions. Series of hafnium phthalocyanines
containing out-of-plane ligands were firstly studied as
anti-fibrillogenic agents using the fluorescent cyanine
dye inhibitory assay.

For the compounds with weak proneness to self-
association in aqueous media (PcHfDbm,, PcHfPyr,,
PcH{fBtfa,) the value of inhibitory activity varies in the
range 60—73 %. For the complexes with the pronoun-
ced tendency to self-association in water solution
(PcHfPiromelit and PcHfCl)) the inhibitory activity
was noticeably higher (about 95 %). For the complex
PcHfPiromelit the micromolar efficient inhibitor con-
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centration (IC,,=2.8 £0.6 uM) in the insulin fibril-
lization reaction was determined.

The addition of native or fibrilar insulin to the ag-
gregation-prone phthalocyanines in aqueous buffer leads
to the destruction of self-associates of metal complex.
We can suppose that phthalocyanines interact with pro-
tein through the stacking with aromatic aminoacids in
monomeric form. Upon the conditions of insulin fibril-
lization reaction (0.1 M HCI) phthalocyanines exist pre-
dominantly as monomers, the addition of native or fib-
rilar insulin does not affect the degree of self-asso-
ciation of metal complexes.

Thus, we conclude that low-order self-associates
are not involved directly in the mechanism of inhibition
of insulin fibrillization, phthalocyanines bind with pro-
tein in monomeric form through the stacking to it aro-
matic amino-acids. We suggest that the tendency of
phthalocyanines to self-association in aqueous media is
«an indicator» of the proneness of metal complex mo-
lecules to stack with aromatic amino-acids of protein
and thus of their anti-fibrilogenic activity.
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AnTHdiOpuIoreHHa aKTUBHICTh (hTasIONiaHiHIB 3 NO3AILIOIIUHHUMU

JiraHaMu: KOpeusiiis 31 CXIIBHICTIO 10 camoacomiarii

Pesztome

Mema. /locrioumu akmugnicme n’smu hmanoyianinie 2aguiro, wjo mi-
cmsime NO3anIOWUHHI 1i2anou 5K iH2ibimopu peaxyii ibpuroymeo-
PEHHsL IHCYIIHY, Ma 6CMAHOBUMU KOPEISYII0 MIJC IH2IOIMOPHUMU 611a-
cmueocmsaMu (PmManoyianinig i iXHbOI CXUIBHICMIO 00 camoacoyia-
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yii. Memoou. Dnyopecyenmmna cnekKmpoCkonis i CReKmpOoCcKOnis enex-
mponnoeo noenunanns. Pesynomamu. [[ns xomnnexcie PcHfDbm,,
PcHfPyr, i PcHfBtfa, saxi npakmuuno ne ymeopioioms azpe2amis y
soonomy 6yghepi, ineibimopna akmugnicms cmanogume 60-73 %.
Dmanoyianinu PcHfPiromelit i PcHfCL, 3 eucokoro cxunvnicmio 00
VMBOpenHs azpe2amis NPAKMuyHO NOGHICMIO NPUSHILYIoms Gopmy-
8aHHA aminoiOnux ibpun incyniny (ineibimopna axmuenicms npu-
o1usno 95 %). Y soonomy 6yghepi 3a npucymmocmi monomeprnozo abo
Qibpunsipnozo incyniny 6i00yeacmvcs pyunyeanis azpeamie mema-

noxomnaexcie. Kpim mozo, 3a ymos nposedenns peaxyii giopunizayii

incyniny (0,1 M HCI) ¢pmanoyianinu icuyroms nepegasicno y eueisioi
MoHoMmepie. Bucnoeku. @manoyianinu 3 nO3anI0WUHHUMU Ti2AHOAMU
3 MeHOeHYie 00 camoacoyiayii 0eMOHCMPYIOmb 8UWLY IH2IOYEAIbHY
akmugHicms y pearkyii pibpunizayii incyniny NOPiGHIHO 3 MEMALOKOMN-
Jnekcamu, sKi azpezyloms cipute. Pmanoyianinosi camoacoyiamu Hu3ob-
K020 NOpsiOKy 0e3nocepednbo He 3aiyyeni 00 MexXauizmy iHeioyeanis
azpe2amoymeopens incyainy, moomo gpmanoyianin 36 ’s13yemocs 3 Oi-
Kom y monomepnii popmi. Tenoenyiio 0o camoacoyiayii pmanoyiani-
Hi8 Y 6OOHOMY CepeOoBUW MOJICHA PO32TIA0AMU K «IHOUKAMOPY iX-
HbOI CXUTLHOCTT 00 83AEMOOIL 3 APOMAMUYHUMY AMIHOKUCIOMAMU I,
omaice, AK NOKASHUK IXHbOI aHmughiopuiocentoi akmugHocmi.

Knrouosi cnosa: aminoiouni ¢hiopunu, ¢pmanoyianinu, inei6imopu
Gibpunoymeopenns, iHCynin, azpeeayis pmanoyianinis, guyopecyen-
mHuutl OapeHuK.

B. b. Kosanvcxasa, M. IO. Jlocuykuii, C. B. Yepnuii, B. A. Yepnuii,
U. H. Tpemwvskosa, C. H. Apmoniox, C. B. Bonxos

AHTHGUOPHIUIOreHHAss aKTUBHOCTD (PTaJIOLMAHHHOB C
BHETJIOCKOCTHBIMH JINTAHJIaMU: KOPPEJIALHS CO CKIIOHHOCTBIO

K camoacconuanuu

Pestome

Ienv. Hccneoosamos akmueHocmb namu ymanoyuanuHos 2agHus, co-
0eparcaujux 6HenI0CKOCHHbIe TU2AHObL 6 Kayecmee UH2UOUMOPOE pe-
axkyuu pudpunnoo6pa308aHUs UHCYIUNA, U YCIAHOSUMYb KOPPENAYUIO
MeAHCOY UX UHSUOUMOPHBIMU CEOLICMBAMU U CKIOHHOCTNBIO K CamModc-
coyuayuu. Memoowvr. Pryopecyenmnas CneKmpoCcKonusl U Cnekmpoc-
KONus 21eKmpoHHo20 nozioujenus. Pesynomamut. [ xomniexcos
PcHfDbm,, PcHfPyr, u PcHfBtfa, npakmuuecku ne obpazylowux ae-
pea2amos 6 600HOM Oypepe, UHeUOUMOPHAS AKMUBHOCMb COCMABTAEm
60-73 %. @Pmanoyuanunvt PcHfPiromelit u PcHfCI, ¢ gbicokoii cknon-
HOCMBIO K 00pA308AHUI0 a2pe2amos NPAKMUYECKU NOJIHOCHbIO H00Ad6-
JASI0M hopmMuposanue amMurOUOHbIX GUOPUILL UHCYIUHA (UHSUOUMOD-
Has akmugnocms oxkono 95 %). B éoonom 6ygepe 6 npucymemeuu mo-
HOMepHO20 UL QUOPUNIAPHO20 UHCYIUNHA NPOUCXOOUTN PA3PYULEHUE
azpezamos memanioxomniexkcos. Kpome moeo, 6 yciosuax nposede-
Hus peakyuu Guopuriuzayuu uncyauna (0,1 M HCI) pmanoyuarunol
cyuecmeayiom npeumyujeCmeeno 8 euoe MoHomepos. Boieoowvl. ®ma-
JIOYUAHUHBL C BHENTOCKOCHHBIMU TUSAHOAMU ¢ MeHOeHyuell K camodc-
coyuayuu 0eMOHCMPUPYION 8bICOKYIO UHSUOUPYIOWYIO AKMUBHOCTb 6
peaxyuy GuOPUITUZAYUU UHCYIUHA NO CPABHEHUIO C MEmAanloKOMN-
Jlekcamu, azpe2upyrowumi xyice. DmanoyuanuHosble camoaccoyua-
Mol HUZKO20 NOPAOKA HENOCPeOCmeEeHHO He B06NeYeHbl 8 MeXAHUIM
uHeubUposaNUs Azpe2amoodpa306anis UHCYIUNAG, M. e. pmanoyua-
HUH C6A3b186aemcsl ¢ 6enKkoMm 8 MonomepHou gopme. Tendenyuio K ca-
Moaccoyuayuu Qmanoyuanunos 6 00HOIU cpede MONCHO paccmant-
pusamv Kax «UHOUKAmMop» ux CKIOHHOCMU KO 83AUMOOeCIEUIo ¢
apomamuyeckumMy aMUHOKUCIOMAaMU U, c1e008amenbHo, KaK nokasa-
menb ux aHmu@uopUIIO2eHHOU AKMUEHOCIIL.

Knroueswie cnoga: amunoudHnvie uopuiivl, GmanoyuaHunsl, uH-
eubumopul pubpunI006paA306anUs, UHCYIUH, azpecayus Gmaroyua-
HUHO8, IyopecyeHmublil Kpacumeib.

REFERENCES

1. Uversky V. N., Fink A. L. Conformational constraints for amy-
loid fibrillation: the importance of being unfolded // Biochim.
Biophys. Acta.—2004.-1698, N 2.—P. 131-153.

2. Kelly J. W. The alternative conformations of amyloidogenic
proteins and their multi-step assembly pathways // Curr. Opin.
Struct. Biol.-1998.-8, N 1.-P. 101-106.

. Lamberto G. R., Binolfi A., Orcellet M. L., Bertonconi C. W.,
Zweckstetter M., Griesinger C., Fernandez C. O. Structural and
mechanistic basis behind the inhibitory interaction of PcTS on
alpha-synuclein amyloid fibril formation // Proc. Natl Acad. Sci.
USA.-2009.-106, N 50.—P. 21057-21062.

4. Caughey W. S., Raymond L. D., Horiuchi M., Caughey B. Inhibi-
tion of protease-resistant prion protein formation by porphyrins
and phthalocyanines // Proc. Natl Acad. Sci. USA.—1998.-95,
N21.-P. 12117-12122.

. Lamberto G. R., Torres-Monserrat V., Bertosecini C. W., Salya-
tella X., Zweckestetter M., Griesinger C., Fernandez C. O. To-
ward the discovery of effective polycyclic inhibitors of alpha-
synucleine amyloid assembly // J. Biol. Chem.—2011.-286,
N 37.-P. 32036-32044.

6. Caughey W. S., Priola S. A., Kocisko D. A., Raymond L. D.,
Ward A., Caughey B. Cyclic tetrapyrrole sulfonation, metals,
and oligomerization in antiprion activity / Antimicrob. Agents
Chemother.—2007.-51, N 11.—P. 3887-3894.

7. Kovalska V., Losytskyy M., Chernii V., Volkova K., Tretyakova I,
Cherepanov V., Yarmoluk S., Volkov S. Studies of anti-fibril-
logenic activity of phthalocyanines of zirconium containing
out-of-plane ligands // Bioorg. Med. Chem.—2012.-20, N 1.—
P.330-334.

. Volkova K. D., Kovalska V. B., Inshin D., Slominskii Y. L., Tol-
machev O. 1., Yarmoluk S. M. Novel fluorescent trimethine cya-
nine dye 7519 for amyloid fibril inhibition assay // Biotech. His-
tochem.—2011.-86, N 3.—P. 188-191.

9. Chernii V. Ya., Bon V. V., Tretyakova I. N., Severinovskaya O.
V., Volkov S. V. Novel zirconium (IV) and hafnium (IV) phthalo-
cyanines with dibenzoylmethane as out-of-plane ligand: Syn-
thesis, X-ray structure and fluorescent properties // Dyes Pigm.—
2012.-94, N 2.-P. 187-194.

10. Gerasymchuk Y. S., Volkov S. V., Chernii V. Ya., Tomachynski
L. A., Radzki St. Synthesis and spectral properties of axially
substituted zirconium(IV) and hafnium(IV) water soluble phtha-
locyanines in solutions // J. Alloys Compd.—2004.-380, N 1-2.—
P. 186-190.

. Tomachynski L. A., Tretyakova I. N., Chernii V. Ya., Volkov S.
V., Kowalska M., Legendziewicz J., Gerasymchuk Y. S., Radzki
St. Synthesis and spectral properties of Zr(IV) and Hf(IV) phtha-
locyanines with B-diketonates as axial ligands // Inorg. Chim.
Acta.—2008.-361, N 9-10.—P. 2569-2581.

12. Volkova K. D., Kovalska V. B., Losytskyy M. Yu., Fal K. O.,

Derevyanko N. O., Slominskii Y. L., Tolmachov O. I., Yarmoluk
S. M. Hydroxy and methoxy substituted thiacarbocyanines for
fluorescent detection of amiloid formation // J. Fluoresc.—
2011.-21, N 2.-P. 775-784.

58}

wn

o0

1

—

Received 18.03.13

479



