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Recently we have proposed a model of <half intercalation» of monomethyne cyanine dye into the
double-stranded helix. Benzothiazole terminal heterocycle «classically» intercalates, nestied betwzen the
adjacent base pairs just when second heterocycle is spatially fixed by nucleic acid groove. We consider that
heterocycle with high basicity hits in the more nucleophilic groove whercas heterocycle with low busicity
insert in more electrophilic interbase space. The purpose of this study is to determine the possible fixation
mode of second heterocycle in nucleic acid groove. We synthesized and investigated the scries of
structure-iike cyanine dyes which have different charge electronic distribution. We suppose that binding of
second heterocycle of high basicity is caused by both spatial fixation and electrostatic interaction with
phosphate group of nucleic acid. Monomethyne pyridinium cyanine dye (Cyan 40; 4-[(1-methyl-
benzothiazoleilidene-2 ymethyl] -1,2,6-trimethylpyridinium p-toluenesulfonate inieracted with native DNA
and RNA with strong fluorescence enhancement. it seems to be perspective for the development of new

nucleic acid binding cyanine dyes.

Introduction. The qualitative and quantitative deter-
mination of nucleic acids is of great significance for
detection of pathogenic organisms (bacteria,. viruses)
1], determination of mutated genes (hereditary dise-
ases, such as diabetes mellitus, phenylketonuria, and
sickle cell anemia) [2], and solving of sexual crimes
in forensic medicine [3]. Radioisotopes are widely
used in the most approaches for the detection of
nucleic acids. The numerous disadvantages of radio-
active detection such as the handling licenses requir-
ed, disposal costs, precautions necessary to prevent
risks to health, short shelf-life have contributed to
shifting the emphasis towards development of nonra-
dioactive methods.

Fluorescent cyanine dyes are very promising for
the development of new nonradioactive approaches of
labeling and detection of nucleic acids. They are
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increasingly used for fluorescent microscopy, DNA
sequencing [4], staining nucleic acids in gel electro-
phoresis [J].

Monomethyne cyanines are weakly fluorescent in
free state but show strong fluorescence upon binding
to DNA or RNA, and some of these dyes are the most
sensitive nucleic acid stains currently available [6, 7].
Today commercial availability of highly sensitive
spectroscopic apparatus promotes development of new
homogenecus approach of nucleic acids determination.
Capillary electrophoresis represents an additional im-
provement in assays of nucleic acids compared with
conventional gel electrophoresis systems [8].

In homogeneous analysis there is no separation
of fluorescence probe excess and there is record of
fluorescence signal changing upon forming of probe-
nucleic acids complex. The strong enhancement of
fluorescence of dye molecules is the result of decre-
ased rotational mobility around the internuclear
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bridge between the two aromatic ring systems of the
dye chromofore [9].

The possible fixation mode is main question of
any model of cyanine dyes interaction with nucleic
acids. Jacobsen at al. [10] proposed «interaction
model» of binding of TOTO to dsDNA involving the
insertion of dye into the interior of the helix with a
conjugated ring system nestled between the adjacent
base pairs of the DNA. It was shown that the binding
of TOTO to larger oligonuclcotides is site selective
with CTAG : CTAG as preferred binding site [10]. In
this model dye fixation is caused only by intercalation
mechanism.

Recently Rye and Glazer have proposed a «par-
tial intercalation» model of TOTO binding to DNA to
sxplain stability and spectroscopic properties of TO-
TO — ssDNA complexes. In their model the nucleic
acid serves as a scaffold upon which highly coope-
rative dye-base-dye stack aggregates are formed. In
their model dye fixation is caused by both stacking
4nd intercalation mechanisms [10].

In our previous study we developed the possible
«half intercalation» model of monomethyne benz-
thiazole cyanine dyes binding with double-stranded
nucleic acids. We proposed that dye fixation is the
result of both intercalation mechanisms and steric
fitting of dye in nucleic acid groove [11]. In this work
we show that electrostatic interaction of high basicity
hetorocycle with phosphate groups of nucleic acids
may be possible mode of dye fixation too.

Materials and Methods. Spectroscopic measure-
ments. The absorption spectra were obtained on
Specord M-40 (Germany). Absorption of free dyes
was measured immediately after dissolving dimethyl-
sulfoxide (DMSO) dye stock solution in appropriate
solvents: S0 mM Tris-HCI, pH 6 or DMFA. Fluores-
cence spectra were recorded with a serial fluorescence
spectrophotometer Hitachi Model 850 (Japan). Fluo-
rescence measurements were carried out in thermo-
stable quartz cell (0.5 x 0.5 cm). Fluorescence was
excited with a 150 Watt Xe-lamp emission.

Preparation of DNA, RNA and dyes stock solu-
tions. Stock solution of dyes (2-107' M) were pre-
pared by dissolving dyes in DMSO. All dyes were
stable in this solvent for several months, whereas in
aquzous solutions some dyes gradually lost their
fluorescence properties. Working solutions were pre-
pared immediately prior to use. For spectral studies
total calf thymus DNA («Sigma», USA) and yeast
RNA («Sigma») were used. Nucleic acids stock solu-
tions were prepared in TE buffer (50 mM Tris-HCI,
10 mM EDTA, pH 8.0) in concentration 6.1-107 b.
p. for DNA and 1.2-107 b. p. for RNA.

Absorbance and fluorescent emission spectra. For
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spectral measurements the complexes of dyes with
nucleic acids were obtained by mixing dye stock
solution with DNA or RNA solution in Tris-HCI (50
mM, pH 6) buffer. The final concentration of DNA
an RNA was 1.2-10°* and 2.4-10 M respectively.
Final dyes concentrations were 0.02 mM. Dye-nucleic
acid complexes were prepared with approximate ratio
of 1 dye per 12 base of RNA and 6 b. p. of DNA. Fer
measurement of optical properties of free cyanines the
same dyes concentrations were used.

Preparation of cyanine dyes. Standard grocedures
were used for the synthesis of unsymmetrical mono-
methyne cyanines [13]. The purity of synthesized
dyes was controlled by UV-spectroscopy and ele-
mental analysis.

pH Investigation. Two procedures werz used to
study pH effect on spectral properties of dye/DNA
complexes. In the first procedure dye/DNA comp-
lexes were prepared by adding dye stock sclution to
DNA working solution at pH 6. Ther pH of solution
was changed to pH 5 by adding the corresponding
amount of 0.05 M CH,COOH or to pH 9 by adding
0.1 M NaOH. In second procedure pE of DNA
solution (50 mM Tris-HCI, pH 6) was previousiy
changed to pH 5 or pH 9 and then dye stock solhition
was added.

Results. Dye structures and spectroscopic proper
ties of free dyes. Physical data for three synthesized
cyanine dyes (Cyan 39, Cyan 40 and Cyan 37), dye
base (Cyan 42), salt of dye base (Cyan 41) and TO
are presented in Table 1. The fluorescent piroperiies
of these dyes and their complexes with nucieic acids
have not been previously studied. Dye TO with wel!
investigated spectral properties was included for the
comparison [14]. The wavelengths of abscrption ma-
ximum ("4, of benzothiazole cyanines slightly
depend on solvent. Absorption maxima of the dyes
showed the red shift of 2—8 nm after going from
aqueous buffer to less polar DMFA. The fluorescence
intensity (I;) of free dyes is very low and have no
clear maximum (*"A_,,) and Stokes shift (AS). Cyan
39, 40, 41 and TO have a strong tenden:y to form
H-aggregates in water buffer (**,,) in contrast to
unpolar DMFA. Cyan 37 with polar carboxyl group
aggregates weakly.

NA-Interaction properties of dyes. The data op
the absorbance and fluorescence emission spectra of
the nucleic acid-bound form of dyes are presented in
Table 2. All dyes had low Stokes shifts (AS, 28.0—
78.0 nm). Nucleic acid presence does not influence con
absorption maximum (™A,,) of dye (‘*1,, (com-
plex) — ™4_.. (free); 0—4 nm).

The Cyan 40 with 1,2,6-trimethylpyridinium he-
terocycle has the most promising characteristics for
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Table 1
Chemniical structures and spectroscopic properties of cyanine dyes
Absorbance in E?MFA Absorbance in buffer Fluorsscence
Dyc Structure it W . | Y ] y— AT s AS,
nm { nm { nm nm nm
440 465 1.23 438 457 112 8 - - 0.04
- 439 415 439 095 0 518 - 0.8¢
444 - 442 - 2 - - 018
422 465 492 0.97 -70 - - 0.03
422 470 493 1.13 -71 - - 0.02
440 420 438 - - 518 - 0.4
505 476 501 1.12 4 - ~ 0.09

the nucleic acids analysis. Its fluorescence intensity
(D is equal for DNA and 2.5-fold greater for the RNA
than that of TO. Unfortunately, dye has high fluo-
rescence in free state (0.8) in contrast to TO (0.09).
It is not efficient for the homogeneous system detec-
tion (AQpns = 21.8, AQgys =61.25) in contrast to TO
(AQpna = 186.0, AQg\, =217.1).

Titration of Cyan 40 with DNA and RNA. Fluo-
rescence titration of Cyan 40 was carried out in
0.05 M Tris buffer (pH 6) with total calf thymus

DNA and yeast RNA at 495 and 490 nm respeclively
(Fig. 1). The fixed dye concentration was 2107 M.
The DNA and RNA concentration was changed from
2.9-10° to 4.1 10" M and from 1.1:10” to 9.1-10™
respectively. For the Cyan 40-DNA complexes fluo-
rescence plateau is reached at 6 base pairs per dye
(4). Titration of RNA showed that the fluorescence
emission of bound Cyan 40 reaches a maximum at 10
base/dye (B).

pH-Influence on the spectroscopic properties of
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Tablz 2
gzgf‘troscopic properties of cyanine dyes complexes with nucleic acids
DNA-Dye complex RNA-Dye complex

Dye
nbs‘mu' om | “™imax, om AS, nm &7 l *AQDNA nbs‘_m“' nm [ M) max. am AS, om i *AQDNA
Cyan 39 457 505 48 0.47 10.18 457 535 78 2.15 53.85
Cyan 40 435 495 60 17.50 21.80 440 490 50 49.05 61.25
Cyan 37 442 485 43 12.32 68.00 442 483 41 11.28 62.67
Cyan 42 495 528 32 10.80 36.00 494 528 36 8.60 28.66
Cyan 41 496 530 34 12.64 84.20 496 528 34 12.40 82.60
TO 505 532 28 16.78 186.00 505 537 32 19.54 217.10

‘*Fluorescence intensity enhancement relatively to free state of dye, I/I,; **Fluorescence intensity, arbitrary units.

bp'dye In dsDNA base‘dye in RNA

Fig. 1. Fluorescence titration of Cyan 40 with DNA (4) and RNA
B

cyanine dyes complexes with nucleic acids. Spectro-
scopic propertics of complexes and dye aggregation
sharply depend on pH changes (Table 3). In the case
of pH 5 and pH 6 -> pH 5 there is strong aggregation
(™'D/*D<1) in absorption spectra of dye-nucleic
acid complexes. Consequently, fluorescence intensities
at pH 5 are 3—10 times lower than at pH 6.

For the pH 9 and pH 6 » pH 9, fluorescence
intensities of complexes slightly decrease as compared
1o pH 6, but in absorption spectra molecular peaks
incrzase ("'D/*D>1).

Discussion. The spectral characteristics of ionic
cyanine dyes can depend on their concentration or
counterion nature. In this case their disobey of Beer’s
law and change of their absorption characteristics
were caused by the aggregation process [15], i. e., the
formation of dimers, trimers, and n-mers. The aggre-
gates of polymethyne dyes divided into H-aggregates
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(H-band) with a blue shift and J-aggregates (J-band)
with red shift from molecular absorption band (M-
band) of unaggregated dye. It is considered that
hydrophobic interaction causes the aggregation pro-
cess preferably in aqueous solution [16].

Monomethyne cyanine dyes have a tendency to
aggregate in aqueous solution [17]. Their interaction
with nucleic acids seems to be accompamed by
aggregation process too, i. €., the formation of H-
aggregates with consequent increase of H-band inten-
sity in absorption spectra and quenching of fluores-
cence intensity. Fig. 2 represents absorption spectra
of Cyan 40 in nonpolar DMFA, aqueouas buffer and in
presence of nucleic acid. The additional absorption
peak at shorter wavelength may arise from dime-
formation (H-band, **D). Intensity of H-band decre-
ases in aqueous solution of nucleic acid. Obviously,
nucleic acid decreases hydrophobic or dispcrsion
forces which cause dye aggregation process.

Fig. 2. Absorpti-
on spectra of Cy-
an 40 in bulfer
(), DMFA ()
and DNA present
(&3]
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Table 3
Dependence of the spectroscopic properties of cyanine dyes-nucleic acids complexes on pH of working solutions and procedure of their
preparation
Dye J ngr/lmnx l mmimnx [ moll/ngr[. ) ) en‘l;mnx ) I
pH 6
Cyan 41 476 496 1.4 530 9.64
Cyan 42 472 496 1.03 528 8.82
TO 489 505 1.5 532 13.78
pH S
Cyan 41 470 498 0.84 525 2.87
Cyan 42 467 495 0.64 545 1.02
TO 480 505 0.81 555 0.98
pH6 - pHS
Cyan 41 470 498 1.00 528 4.01
Cyan 42 469 495 0.76 523 1.30
TO 475 502 1.06 550 1.10
pH9
Cyan 41 460 500 1.12 525 92
Cyan 42 436 460 1.28 525 7.98
TO 482 509 1.44 538 9.31
pi{6 - pHY
Cyan 41 475 500 1.43 525 9.2
Cyan 42 465 498 1.35 525 9.78
TO 480 508 1.35 535 10.10

Data presented in Table 3 show that increase of
H-band intensity relatively to that of M-band causes
decrease of fluorescence intensity. All well interacted
with nucleic acids monomethyne cyanine dyes seem to
possess a high aggregation tendency in water solution
and aggregation decreases after their interaction with
nucleic acids [18].

However, little is known about influence of aggre-
gation interaction mechanism and possible model of
cyanine dyes binding with nucleic acids. Recently
proposed models of interaction of cyanine dyes with
nucleic acids do not take into account aggregation
processes [10]. Besides, existence of H-band of
H-aggregate at high dye : DNA ratios was the basis

for the development of new binding mode of YOYO
with double-stranded DNA [19]. We assume that
dimer formation and interaction with any substrate
surface can explain a blue shift in absorption spectra
of YOYO-nucleic acid complexes [20].

Recently Rye and Glazer proposed «a partial
intercalation-like» model of interaction of cyanine
dyes with single-stranded nucleic acids. In their
model, single-stranded polymer serves as a scaffolds
upon which highly cooperative dye-base-dye stack
aggregates are formed. This model is in gcod agre-
ement with possible dye aggregation, i. e., it explains
blue shifts in absorption spectra of the bounded dyes
and quenching in fluorescence spectra [11].
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Obviously, stacking of cyanine dyes causes for-
mation of aggregate structures like dye-dye, dye-dye-
base and dye-base-dye uncler interaction of mono-
methyne cyanines dyes with double-stranded nucleic
acids too. Titration of fixed amount of Cyan 13 with
dsDINA (A) and titration of fixed amcunt of the same
dsDNA with the same dye (B) were represented on
Fig. 3.

Absorption and fluorescence spectra are not iden-
tical in the cases A and B. Titration of fixed amount
of Cyan 13 with dsDNA changes only absorbance and
fluorescense intensities, whereas reverse titration le-
ads to spectral patterns changes. New H-aggregate
structures at ratio 2: 1 dye/b. p. are formed in the
case B. In absorbaince spectrum peaks at 420—440 nm
decrease and new peak at 400 nm appears. Aggre-
gation process is accompanied by quenching of main

Fig. 3. Absorption and fluorescence specira of Cyan 13. A —
titration of fixed amount of Cyan 13 with dsDNA; B — titration of
fixed amount of the same dsDNA with the same dye. Dye: b. p.
ritios are 1 : 7 (I); 1:1 (2); 2:1 (3)
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fluorescence peak (495 nm) and appearance new red
shifted peak (540 nm) with low intensity.

Double-stranded nucleic acids seem to serve as
scaffold for the formation dye-dye-base and dye-dye-
dye-base aggregates like in Rye's model [11] for
single-stranded nucleic acids. We suppose the process
of formation of H-aggregates with n>2 begins at
some excess of dye with participation of some struc-
ture elements of nucleic acid.

Recently we have developed the «half inter-
calation» model of interaction of monomethyne cya-
nine dyes with double-stranded nucleic acids. We
proposed that one heterocycle of cyanine dye in-
tercalates into the interior of the helix whercas second
heterocycle is fixed in nucleic acid groove. According
to this model, less basic hetercycle intercalates and
fixation of more basic one appears to be the result of
coulombic interaction with negative phosphate groups
of nucleic acid [12].

In order to explain the possible fixation mode of
basic heterocycle in the groove space we synthesized
a series of structure-like cyanine dyes (Table 1).
Unsymmetrical monomethyne pyrylium (Cyan 39)
and pyridinium (Cyan 40) cyanine dyes have very
similar chemical structures. The pyrylium heterocycle
of Cyan 39 has however low basicity as compared to
pyridinium moiety of Cyan 40. As a resnlt, interaction
of Cyan 40 with nucleic acids leads to enhanced
fluorescence increase. Due to the presence of COOH
group in Cyan 37 its interaction with nucleic acids
and therefore fluorescence intencity of dye-nucleic
acid complexes are lower than those of Cyan 40.

TO, its base (Cyan 42 ) and salt of this base
(Cyan 41) have analogous chemical structures (Table
1). In this series, TO and Cyan 41 have similar
electronic charge distribution. Acidification of Cyan
42 (base) at pH 5 protonates benzthiazole heterocycle
to yield Cyan 41 (salt). In basic environment (pH 9)
Cyan 41 (salt) is converted into Cyan 42 (base). The
pH-depended absorption spectra of cyanine base and
their salt clearly show large red or blue shifts caused
by base-into-salt or salt-into-base conversion (Fig. 4).

Two procedures were used to prepare working
solution of dye/DNA complexes. In the first proce-
dure, dye/DNA complexes were prepared by adding
dye stock solution to nucleic acid solution at pH 6
The pH of working solution was then changed to t.
S and pH 9 by acidification or adding of Lase
consequently (Table 2, pH 6 -» pH 5, pH 6 = pH 9.
In this case spectroscopic properties of dye/DNA
complexes (A, "“Ag, and S) were very alike.
Probably all cyanines Cyan 41, Cyan 42 and TC
interact with nucleic acids by similar mode. However,
all dyes have low aggregation and high fluorescence
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Fig. 4. The pH-depended absorption spectra of Cyan 41 (A4) and
Cyan 42 18) (I —pH 6; 2 —pH §; 3 —pH 9)

intensity in basic environment in contrast to acidic
environment ("™'D/**D, I).

In the second procedure, DNA solutions were
prepared previously at pH 6, pH 9 and pH § (Table
3). Working solutions were prepared by adding stock
dye solution to nucleic acid solutions with various pH.
It was very surprising to observe change of colour of
Cyan 42 (base) in basic environment (pH 9) after its
interaction with nucleic acid. Perhaps formation of
dye-nucleic acid electrostatic complex is the first stage
of cyanine dye-nucleic acid binding. Spectroscopic
propertics of formed complexes are very similar to
those of complexes prepared according to first proce-
dure.

Recently we proposed possible mechanism of
cyanine dyes-nucleic acids interaction [12]. As a rule
asymmetric cyanines in aqueous solutions exists in
the form of aggregation structures (dimers, trimers).
We suppose cyanine dyes in aqueous solution to
interact with nucleic acids in aggregated form. «Nuc-
leic acid medium» disperses dye aggregates that
resulted in the fixation of monomeric dyes.

As & rule asymmetric cyanine dyes are to repre-
sent dipoles because of their asymmetric arrangement
of a charge. DNA also can be approximately con-
sidered as asymmetrically charged environment with
negative charge located at sugar-phosphate backbone
and positive charge in the interbase space. So we
considered dipole-dipole interaction to play an im-
portant role in dye fixation.

«Nucleic acid medium» disperses dye aggregates
resulting in the fixation of monomeric dyes. In-
tercalation of the dye into the double-stranded helix
possibly takes place according to model of «half
intercalation«. One heterocyclic part of cyanine in-
tercalates, nestled between the adjacent base pairs,

just when another heterocycle is spatially fixed by the
groove of nucleic acid. We suppose that binding of
heterocycle of higher basicity is caused by electro-
static interaction with phosphate group of nuclcic acid.
The first stage of interaction is electrostatic e¢xternal
binding of the dyes aggregates. After that the he-
terocycle with low basicity intercalates into interbase
space.

The increase of mixing ratio dye/nucleic acid
results in the increase of H-aggregates concen(ration
in working solution with rise of aggregate bands
(«blue shift»). At the same time, nucleic acids can
serve as scaffolds for the formation of H-aggregates
of another type for some dyes, with formation of
aggregation structures which are not observed for free
dye. In this case new aggregate bands are observed
in the spectrum. H-aggregates of this type (n>2)
were found for Cyan 13 (Fig. 3). Probably aggregates
of stacking type could be formed on the accessible
part of partly intercalated dye, i. e. heterocycle that
was not placed between base pairs of nucleic acid.

This model accounts well also for the pH-
depended experiments with cyanine dyes (Tabl. 3).
Acidic medium decreases coulombic interaction be-
tween helerocyclic bases of the dye and phosphate
groups in the nucleic acid groove. In this case we
observe an increasc of dye aggregation and decrease

-of fluorescence intensity of dye complexes with nuc-

leic acids. On the other hand, basic medium increases
the nucleophilicity of nucleic acid phosphate groups in
contrast to acidification. It causes strengthening of
dye-nucleic acid complexes and increase of their
fluorescence intensity.

So, model of partial intercalation of cyanine dyes
can explain spectroscopic properties of cyanine com-
plexes with nucleic acids.
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Baaemogis uiaHiHOBMX GApPBHMKIB 3 HYKJETIOBIMHU KHUCAITAMM.
5. Monenb «daniBiHTEpKangUi» MOHOMETUHOBUX LiiaHiHOBWx Oaps-
HHKIB Yy HuOCTipaabHi HYkNETHOBI KHMCJIOTH

Peaiome

Hewodaemo namu 6yr0 3anpononosaHc modens «Harigivmepka-
Aayity MOHOMEMUHOBUX YiaHiHOBuX baperukia y nodgiivy cnipans
HYKAETHOGUX Kkucaom. Benzmia3onooud eemepoyuKn «KAGCUHHO»
iHMepKaOE, POIMAWOBYIOUUCE MK KOMNIAEMEHIMAPHUMU NAPAMU
ocnoa, modi sax Opyzuli zemepoyuxa npocmopoeo ircyeimvcs 6
6opo3ri HyKkAeino6ol xucaomu. Mu @8axacmo, wjo zeriepouuxa 3
BUCOKON OCHNGHICMIO POMiuyembCst 8 nyxneopinvriwmii Goposni,
Y MO 4ac AK 2eMepoyuKL 3 MEHWi0K) OCHOBHICMIO GK.IUHIOSMbCR
6 MeHuL enexmpoiabhii MiXocHo8Huil npocmip. Memow, nped-
CMABAEHUX GOCAIONKEHs HYNO GUIHAMEHH MOXAUB0Z0 Chocoly ¢ik-
cayii dpyzozo cemepoyurny 8 60po3Hi HYKNCiHO60T kucaomu. Hamu
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CUHIME3068AHO | GUEMEHO HU3KY CINDYKMYPOhodibHux uianiHoeux
apeHuKié 3 pi3HUM DO3NOOINOM 2JEXMPOHHOI cycmuHu. Mu éaa-
KAEMO, {0 36'A3Y6AHHA OpYLOZ0 ZemepOUUKAY 3 GUCOKOHD OC-
HOBHICIMIO 3YMOBNIEMBCA NPOCMOPOB0I0 Qikcuuico ma ozo enex-
MPOCMAMUMHONW 63AEMOTI€I0 3 ochamHumu epynamu HyKaei-
H080E kucromi. Monomemunosuii nipuduniceuid bapehnux (Cyan
40; 4-[( I-memunbenzomiazoninien-2 ) memui]-1,2,6-mpumemun
1ipuduniym mosiam) ezacmoding 3 namuenowo JHK ma PHK 3i
THAUHUM 3IDOCMAHHAM [HMEHCUBHOCME Qmoopecyenyil. Bin, na
Haw noessd, € nepcnexmusHum d.is po3pobKu HOBUX UIAHIHOGUX
DAPEHUKIB, WO 36'13YI0MbCsl 3 HYKIEIHOGUMU KUCIOMAMI.

C. M. Apmonwok, B. B. Kosarvckast, 10. I1. Knamyn

B3anMOAeCTBME LMAHMHOBBIX KPACUTENEHN C HYKJIEHMHOBBIMH
KMcroTaMu. 5. Moesis «NOAYMHTEPKANSIUMHUY MOHOMETHHOBBIX
LIMAHAHORLIX KPACHTENEH B ABYCIM[/AThHLIE HY KJICMHOBbIC KHUCJIOThI
Peswme

Hedasno namu NpeOnOXeHa Mo0ens «NOAYUHIMEDKANAUUUP MOHO-
HeMUHOBHLX YUAHIHOGHLY, Kpacumenzid 8 G80UHYIO CHUpAnh HYKAeU-
HOBBLX KUCAONL LeH30Mua30108bili ceMePoOUUK «KAACCUMECKU» UH-
mepicanupyem, pacnoanXuGUiuch Mexdy KOMNIEMEHMAPHLIMU Na-
PaMie OCHOBAKWI, & MO Bpems Kak Opyzoid cemepoyuxn npocmpaii-
CMEeHHO uxcupyemces 8 6opo3dxe HYKkAeuHOSOH kucaoms. Mot
cuumaeMm, wmo 2emepoyuka ¢ Doitwel OCHOBHOCMbIO pacnonasa-
emes 8 bosnee HyiieopunvHoi 6oposdxe, Mozda Kax zemepoyuxi ¢
MEHbUE OCHOBHACMbID 8CIMPAUBAEIMCA 8 INEKIMNPOPUALHOE MeXUC-
'w08H0e npocmparcmao. fTpedcmadnentote uccredosanus boiiu Ha-
RPAdACHbl HA ONpeteneHe 803MOXHOZ0 cnocoba guxcayuu zemepo-
4ukria ¢ borbuield OCHOBHACMbIG 8 BOPO3TKE HYKIEUHOB0U KUCTOMbL
Hamu cunmesuposana u u3yueHa cepus Cmpyxinyponodobusix yua-
MUHCGHIX  Kpacumieneil € PA3HeIM pachpedeneHuemM 3AeKmpOHHON
AOMHOCHU. M cuumaem, umo CGA3blBaHUE 2eMEPOUUKIA ¢
fionvueld OCHOBHOCbIO RPOUCXO0UNL 32 CYEM NPOCMPAHCMBEHHOU
uKcauuL U IMEKMPOCMAamuMecKoee d3aumodeicmausn ¢ gocpam-
AbIMU ZDYNNAMU HYKACUHOBOU Kucromel. B3aumodelicméue MOHO-
MENMUH080L0 nupudunneozo Kpacumeas Cyan 40 (4-[( memunben-
Jomuasonuauden-2 ymemun]-1,2,6-mpumemurnupuOurHuym mo3su-
sam) ¢ namusHnoid JHK u PHK conpogox0aemca 3HaQUUMeRbHbIM
G03pIACMAHUEM UHMEHCUBHOCMU D.uioopecyenyuu. Ha nai 832n10,
MO KPUACUMENL S8AREMC NEPCREXMUBHHIM INg pa3pabomku Ha
€20 OCHOBE HOSLIX UUAHUHOS, 83aUMO0ElCMEYIOIUX C HYK.IeUHOBbL-
MU KUCAOMAMU.
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