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Interaction of cyanine dyes with nucleic acids.
6. Synthesis and spectroscopic properties of thiazole
orange—amino acids conjugates

Sergiy M. Yarmoluk, Dmytro V. Kryvorotenko, Yuriy S. Gerasymchuk

Institute of Molecular Biology and Genetics, National Academy of Sciences of ‘Ukraine

150 Acad. Zabolotnoho vul., Kyiv, 252143, Ukraine

The synthesis of umino acid (L-Trp and L-Tyr) derivatives of thiazole orange, monomethire cyanine dye
which significantly increases fluorescence intensity when bound to nucleic acids is described.
Hydrexysuecinimide ester of Cyan 6 ( 2-[4-N-Carboxyethyl-quinoline)-methyl]-3-methylber.zihiazole-1,4-
p-toluenesulfonat: ) was used for the conjugation of dye with amino acids. Interaction of ooiained
conjugates with nucleic acids was investigated using spectroscopic methods.

Materials and Methods. The TLC was performed on
Kizsclgel 60 F,., plates («Mercks, Germany) using
CHCL—MeOH-—-AcOH (8.5:1.0:0.5) system. FAB MS
analyses were carried out in the positivie mode using
nmass spectrometer M1-1201E (PO «Elcktron», Uk-
raine).

Spectroscopic measurements. The absorption spe-
clra were recordad on «Specord M-40» (VEB Carl
Zeiss Jena, Gernany). Fluorescence spectra were
obiained with fluorescence spectrophotorneter Hitachi
Model 850 (Japan). Fluorescence was excited with
150W Xe-lamp emission and measurcments were
carried out in thermostatable quartz cell (0.5 x
x 0.5 cm). All spectra were corrected by multiplying
flusrescence intensities measured over an interval of
5 nm by proper correction factor for corresponding
wavelengttis. In corrected spectra flucrescence in-
tensity values were propertional to a numbers of
phaters per unit of wavelengti: inferval.

Preparation of DNA, RNA and dyes stock solu-
ficns. Stock solutions of dyes (2-107° M) were pre-
pared by dissolving dyes in DMSO. All dyes were
stable under these conditions for several months,
whereas in aqueous solutions some dyes gradually lost
their fluorascence properties. Working solutions were
prepared immediately prior fo use. For spectral stu-
dies total calf thymus DNA («Sigma») and yeast RNA
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(«Sigma») were used. Nucleic acids stock solutions
were prepared in TE buffer (T ris-tiCl, S50 _:?M,
EDTA, 10 mM, pH 8.0) in concentratic.i 6 107 b.
p./ml for DNA and 1.2-107 b. p./m! for RNA.

Absorbance and fluorescent emission specira. For
spectral measurements the complexes of dyes wit—h
nucleic acids were obtained in Tris-HC! (50 mM, pH
8.0) buffer by mixing of dye stock solution with DNA
or RNA solution. The final concentration of NA was
10 and 2.0-10™ mM. respectively. Final dyes con-
centrations were 0.02 mM. Dye—nucleic acid com-
plexes were prepared with approxymal ratio 1 dye per
20 b. p. of RNA and per 10 b. p. of DNA. For eoptical
measurement of free cyanines the same dyes con-
centrations were used.

Fluorescence titration o, Cyan 6—Trp and Cyan
6—Tyr were carried out in 0.05 M Tris buffer (pH &)
with total calf thymus DNA and yeast RNA at
540 nm for DNA and 545 om for RN{;\. Fixed
concentration of DNA 6-10% M and 1.2 - 107 M were
used for the titration of fixed woncentratizon of dy¢ (
Fig. 3). The dye concentration was 107 M. The DNA
and RNA concentration was charged from 2.5 107 to
10™ from 5-10™ to 2-107* respecuively.

General procedure for the synthesis cyanine dye—
amino acids conjugates. The succ inimidyl ester of
Cyan 6 was prepared by dissolving t’¢ dve (§5.34 mg.
0.01 mmol) in 1 ml of dry DMFA a.'. then adding
N-hydroxysuccinimide (1.15 mg, 0.0' mmol) and
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Fig 1. Synthetic scheme of preparation of dye—amino acid con-
jugates
DEC 4,12 me, 102 mmol) to stirred solation at 0 °C.

Mixtore was stirred for 4 h. Then amino acid ester
hydrechlor:de (0.011 mM) and 0.05 ml of dry pyri-
dire were added. Reaction mixture was stirred for 2 h
at 0 °C and was kept in refrigerator for 18 h.
Purification of amino acid-——Cyvan 6 conjugates was
pe:forned on the prepared C3 stationary phase {1].
Conjugates were recovered from the fractions with a
rofary evaporator at 40 °C.

Cyan G—Trs-—-QCH 3.
intzngityy 563 (MH -+ .5,
275 (5, 204 (4y, 219 (4, 150 (15).

Cyan 5~=Tyr--OCH3. R,= 072 MS:m/e (relative
intens. ty) 540 (aH +,14), “ﬂ'(w 6y, 407(7y, 363 (27,
317 0, 303 (O, 'EN‘I a2y, 275 (@, 219 (6), 150
a1,

Results and Discussion. The cvanine monome-
thine dyes have many of properties prescnted as ideal
for the fluorescent homogeneous detection of nucleic
acids. With this ¢etermination principle no separation
of unbowxd probe is necessary [2]. A series of new
meaoneric and dimeric fluorescent cyanines have
recently  been ’,V€]I{)]'I‘Ld4 for this purpose [3, 4]
Meaoraethine cyanine dyes seem to possess all char-
acleristics for guzatitation of unknow nucleic acids in
soluticns, as low intrinsic fluorescence of unbound
probe, larpe flucrescence enhancernent upon probe
birding, largs linear detection range, znd sequence
non-specific deteciion [ ]

Tae main research of our laboratory concerns
yment of sequence specific homogeneous detec-
tion of nucleic acids in sclution. Recently pyrylium
cyvanine dye - m igonue hotuw.: conjugate was used for

R,=0.67 MS:m/e (relative
563 (14), 317 (3), 290 (6),

described by Waggoner et al. [7]. Functional groups
in proposed cyanine reagents were sulfhydryl 71,
isothiocyanate [8] and succinimidyl esters (9], Pro-
cedure using active N-hydroxysuccinimide esters of
dye seems to be more convenient for their conjugation
with ¢-amino group of amino acids or peptides.
Besides we have shown recently that incorporation of
carboxylic acids groups into basic cyanine struciure of
TO did not influence on fluorescence probe properties
(101 (Fig. 1.

Succinimidyl ester of dye carboxy! group und
methyl esters of hydrochlorides of amino acids in
pyridine were used to synthesize aminu aoid-—dye
conjugates. Active esters were prepared with use 1ac
DCC and hydroxysuccinimide (HONSu) in OMFA.

Recently published methods for the HPLO of

cyanine dyes use C,, stationary phasc ;' Lo
fortunately, used cyanine dyes are very hrvch wpbobe
and positively charged compounds. As & :usiut, iy

have large retention time on HPLC staucsary shases.
In order to overcome these problems 7 ii%-s; Hyen (4
stationary phase prepared according to il] wii sal
cessfully used (Fig. 2). Chemical structures o syi-
thesized conjugates were confirmed by "m ATOM
bombardment mass spectrometric (FAE M%:

Spectroscopic data for two synthesizea cyanios
conjugates and Cyan 6 (TO analog) arc pr sented in
Table. 1. Dye Cyan 6 with previously .nve ted
spectral properties was included for ile con.parison
[9]. Absorption spectra of Cyan 6 an its amine acid
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Tahle !
Che mical structures and spectroscopic properties of cyanine dyes

T
abslmax emy 48 l F*
Dye Structure DMFA m’:”ax' it
[buff’], nm }
Cyan 6 - Trp __ACO-(L)-Trp-OCHs 507 [475, 505]  ** - 0076
S
.!ﬂ
N e ‘
SwY
R Vi N
CH3 CF3 COO-
Cyan 6 - Tyr 506 (470, 506] - - 0082
/\/CO-(L)—Tyr-OCH3
P i R -
LI
7 Sy
CHs CFsCDO-
) . — - 0.93
Cyan & \}OOH 503 [475, 506]
=N
N *

2\ ¢
L,‘ P

CHs

g

OTos

\

*Arbitrary units; **There is no clear maxima.

derivalives were similar. The wavelengths of ab-
sorption maxima (**1,,) of Cyan 6—Trp and Cyan
6--Tyr slightly depended on solvent. (Cyanine dyes
showed the red shift (5--7 nm) after going from
aquecus buffer 1o less polar DMSO.

The fluorescence of conjugates and free Cyan 5
were very low and fluorescence spectra had no clear
maxima. Fluorescence intensity oy amino acids de-
rivatives were slightly higher as comared 1o free dye.

The data on the absorbance xu?l fuorescence
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Tehiv 2
Speciroscopic propertics of cyanine dve complexes vith nucleic acids

DMA--Dye complex

RNA—Dye complex

e

& " ] .
ab’l.max, om | “Mamax, o I AS, na l 1 -[ AQ ﬂbslmax, om | ™imax, nml AS, nm l 1 ‘ oy
Cyin 6--Trp 4755 54( 32 28.8 380 478.5 545 40 22.2 202
Cyan 6--Trp 4795 540 32 24.5 395 478.5 543 338 21.1 324
Cyian 6 4755 540 32 7.1 237 478.5 545 39 13.5 450
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Fig. 3. Fiuorescen:e titration of Cyan 6--Trp (/) and Cyan 6-~Tyr (2) with DNA (A) and RNA (B). Fluorescence intensity is is AL ATY

unit

emission spactra of the nucleic acid—bound form of
conugztes are presented in Table 2. The fluorescent
intensily of DNA  complexes of amino acids de-
rivatives increased 1.6 limes comparing with similar
complex of Cyan 6. Fluorescent intensity of RNA
complexes decreased 1.5 times for Trp derivative and
1.3 times for Tyr derivative in contrast io free Cyan
6 complex. All dyes had mediurn Siokes saifts (32 nm
for DNA complexes and 38—40 nm for RNA com-
pleses),
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Data on fluorescence titration of Cyan
and Cyan 6—-Tyr are presented in Fig. 3 For tke
Cyan 6—Trp—DNA complexes fluorescess piaizan
is reached at 4 base pairs per dye (4). Timatiou o
RNA showed that the fluorescence emissivi of bouind
Cyan 6—Trp reaches a maximum at 15 base/dye (B).

New amino acid derivatives of cyanine dyes ware
first synthesized with use of active N-hydrogysuc:
cinimide esters of dyes.
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Baasmoiis uianinosux GapsHMKiB 3 HYKIEHOBMMM KHCHOTaMH. 6.
Curites Ta (NEKTPOCKOMYH! BAACTHEOCTI KOH'IOTITIB Tiasomosoro
O HAKEBOTO o AMIHOXHCIOTAMM

Pastome

Onitcand cunmes amirokucaomuux noxionux (L-7rp ma L-Tyr) 3
iC30008UN. OPANKEGUM ~— MOHOMEIUHOGUM. WAHIHOBUM BADGHU-
KON, Wi BHAUHO nifeuwye inmencuenicnb énacuo! puoopecyenyil
npic 38 A3yseHHi 3 mykaeinosumu xucacmanu. Tiopokcucyxyu-
HiniOnutl edip Cyan 6 (2-{-( N-rapboxcucmut-Xitonin )-memui]-
3-memuabeimiason- 1,4 -n-monyroncyredpama) €ys evikopucma-
HiZii Ons KoW'rozauil., Bsacmodino CcuHmME306aHUY. KoWioeamis 3
Hp e HI8UM L KUCAOMmQMU GOCIGKERO CREIMPOCKL RIMHILMY MO~
(/X8

C. il Spmomox, I B. Kpusopor:enko, 6. C. I'epacumuyx

BaauMaieicTaME LIMAHMHOBLIX KPACHTENEM € HYKJIEHHOBBIMH KHC-
aoraMi. 6. CHHTE3 W CHEKTPOCKOMMUECKMS Ca0HCTBA KOHBIOrATOB
THAION0BOTC JPAHKEBIO ¢ 8MMHOKUACIO0TAMM

Paiy:ome

Orilcgs CURMEd QMUHIKUCAMMHBIY Rpousedonex | L-Trp u L-Tyr)

€ IMUAIOR0BHM  OPQAHKEBLIM — MOROMENUHUGHLY UUAHUHOBHIM
KPUCHMeaeM, Komopoul BHAMEMETbHO  YEERUHUBIem WUHMEHCUG-
HOCMb COBCINGEHAON (IIOOPECUEHIIL NPLL C6AIHSAIUK C HYKACUHO-
autstie xucaomamu. Tudpoxcucykuunuvudnuii s¢up Cyan 6 (2-[-
(N-KapOoKCwmun-Xutoau }-memunf -3 -memunbersmuason-1,4 n-
MOAYALICYAbDama) DL UCHOABICEAH O KOHBIZALUU KPACIMENs
C CLHUHOKUCADMUMU. B3aumofelicmene CUMmesuposaniblX KOHBIo-
ZUIMDE ¢ HYKICUNROBLLMU KUCAOMAMI UCCA2008ING CAEKMPOCKONLL~
YECUMIL MEMOOAMU.
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