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The aim. To study new cyanine dye LO-7 as a reagent for dsDNA visualization in electrophoretic gels. Methods.
Gel electrophoresis, restriction, fluorescence detection, mobility shift assay. Results. LO-7 binds to DNA to form
stable highly fluorescent complexes. As little as 80 pg DNA can be detected in LO-7-stained agarose gel using a
laser scanner, and 0.3 ng with UV-transilluminator. This sensitivity is several times higher than can be achieved
with ethidium bromide, and close to that of SYBR Green I. Conclusions. LO-7 belongs to the most efficient stains
for dsDNA visualization and thus can be used in bioanalytical applications where high sensitivity is required.
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Introduction. Non-radioactive labeling of biomolecules
has been studied extensively for several decades. Fluo-
rescent detection, either in solution or in electrophore-
tic gels, is the most common type of non-radioactive de-
tection, and a wide variety of fluorescent dyes have been
developed for this purpose [1-3]. The detection of DNA
and RNA with fluorescent dyes has a variety of analyti-
cal and diagnostic applications in molecular and cell bio-
logy, biotechnology and medicine [1, 4]. Currently the
majority of fluorescent dyes commonly used for nucleic
acids visualization assays belong to the cyanine family [2,
5], since these molecules display high affinity for nucle-
ic acids, strong absorption in the visible spectral range
and often sharp increase of fluorescence when interac-
ting with nucleic acids [6—8]. The number of established
fluorophores of this group is quite large, but the search
for new highly efficient dyes is still relevant [5]. In this
paper, we present a new cyanine dye LO-7 (Lepidine
Orange derivative), a structural analog of well known
dyes Thiazole Orange [9] and SYBR Green I from «Mo-
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lecular Probes» (USA) (now «Invitrogen») [10, 11], as a
new highly sensitive fluorescent stain for DNA detec-
tion in agarose gels.

Materials and methods. A series of LO dyes were
synthesized as previously described [12]. pBR322 plas-
mid DNA («Fermentasy», Lithuania) in TE buffer (100
ng/ul) was serially diluted with TE to obtain samples
with concentrations of 100, 50, 25, 12.5,6.25, 3, 1.5 and
0.75 ng/ul. For sensitivity assay, plasmid DNA was rest-
ricted with BstNI enzyme («Fermentasy) and then serial-
ly diluted (1:4) to get 4 samples with DNA concentra-
tions 0f 23, 5.75, 1.44 and 0.36 ng/ul. DNA samples for
mobility shift assays were incubated for 30 min with LO
dye before loading the gels. Agarose gel electrophoresis
was performed in 0.5 x TBE buffer. DNA samples in
TE buffer were loaded on the gel after adding the tra-
cking dyes xylene cyanol and bromophenol blue in 30 %
glycerol to concentration 0.025 %. Electrophoresis was
run for 1.5 h at a constant voltage 100 V (~50 mA). The
gel was stained for 30 min at room temperature in LO-7
solution prepared by diluting the stock (20 mM in
dimethylsulfoxide) with water (1: 10000). DNA bands
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Fig. 1. Excitation (/) and emission (2) spectra of free LO-7 (dashed li-
nes) and its complex with salmon sperm DNA (solid lines) in water.
LO-7 concentration 10~ M, dye/bp ratio 1:1. Fluorescence was excited
at 490 nm
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Fig. 2. Relative fluorescence of LO-7-stained plasmid DNA in agarose
gel (data from 3 independent experiments)

were detected with a UV-transilluminator Macrovue
2011 («LKB», Sweden) or laser gel scanner PharosFX
Molecular Imager («Bio-Rad», USA). The rates of dis-
sociation of dye-DNA complexes under the conditions
of gel electrophoresis were determined according to
[13]. Fluorescence spectra were obtained with Cary Ec-
lipse spectrofluorimeter («Varian», Australia).
Results and discussion. A series of new asymmet-
ric monomethine cyanines LO (Lepidine Orange deriva-
tives) with dialkyl- or arylalkylamino group at C-2 posi-
tion of quinoline ring have been recently synthesized as
potential DNA topoisomerase I inhibitors [12]. Five
compounds of this series were found to completely in-
hibit this enzyme in DNA relaxation test system in vitro
at concentration 2—10 uM, with IC,, value ~ 1 uM for
the most active inhibitor. We have found that these vir-
tually non-fluorescent compounds strongly interact with
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nucleic acids to form highly fluorescent complexes,
thus allowing sensitive visualization of double-stran-
ded DNA in agarose gels. The most efficient DNA stain
LO-7 has been studied in detail in this work.

The binding of LO-7 to dsDNA results in great fluo-
rescence increase (Fig. 1). Excitation and emission ma-
xima A, ex/em are 476/625 and 485/625 nm for free
and DNA-bound dye, respectively. A large Stokes shift
(140 nm) is observed.

The dependence of relative fluorescence of LO-7—
DNA complexes in the gel on DNA quantity is shown
in Fig. 2. Fluorescence intensity sharply increases bet-
ween 0.5 and 15 ng DNA, and the curve approaches sa-
turation above 30 ng. The linear dependence allowing
DNA quantification is observed in the range 0.5-5 ng.

LO-7 is a highly sensitive DNA stain. Fig. 3, 4,
shows a gel with various amounts of DNA (from 23 to
0.36 ng per band). BstNI restrictase cuts pBR322 at 6
discrete sites resulting in fragments of 1857, 1060, 929,
383, 121 and 13 base pairs (bp). The amount of each
fragment in the lane was calculated from the total DNA
concentration in the given sample multiplied by the
fractional length of the DNA fragment relative to the to-
tal length of pPBR322 (4361 bp). Thus the minimum quan-
tity of dSsSDNA detected with a gel scanner at 488 nm is the
929 bp fragment, which corresponds to 77 pg. Accor-
ding to published data, the limit of detection of dSDNA
in agarose gel is 0.5-5 ng for ethidium bromide, 0.5 ng
for TOTO, 60 pg for SYBR Green I and 25 pg for SYBR
Gold, the most sensitive fluorescent DNA stain current-
ly available [2]. The minimum amount of dsDNA to be
detected with SYBR Green [ with common 365 nm UV-
transilluminator was found to be 0.15 ng, whereas the
detection limit for LO-7 is about 0.3 ng DNA for the sa-
me sample (Fig. 3, B). Thus LO-7 sensitivity is much
higher than that achieved with ethidium bromide or
TOTO being comparable to that of SYBR Green I.

Electrophoretic mobility shift assay was used to cha-
racterize LO-7 binding to dsDNA. This assay simulta-
neously provides information on the stability, mobility
and fluorescence of complexes [10]. A retardation of
DNA band indicating the dye binding was observed
upon increasing the dye/base pair ratio (dbpr) of pre-
stained DNA samples above 0.05. Sharp bands become
diffuse and less intense at dbpr over 0.1 that may be due
to the partial degradation or denaturation of DNA (Fig. 4).
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Dissociation half-time for LO-7 complex with
pBR322 DNA in agarose gel was found to be ca. 15 min
(for comparison, the reported #,,, values for TO and ethi-
dium bromide complexes are about 4 min under the sa-
me conditions [13]). As complex is sufficiently stable
under electrophoretic conditions, LO-7 can be used to
stain DNA either after or before the electrophoresis
(pre-staining).

Fluorescent detection of nucleic acids in the gel de-
pends on the availability of dyes binding to them with
high affinity and large fluorescence enhancement [1,
5-8, 13]. Strong binding of LO-7 to dsDNA is confir-
med by both large emission increase upon interaction
with DNA and mobility shift data, and is in full agree-
ment with efficient DNA topoisomerase inhibition by
this compound.

In conclusion, we propose a new cyanine dye LO-7
as a highly efficient reagent for DNA visualization in
electrophoretic gels. Its remarkable sensitivity far ex-
ceeds that of classic ethidium bromide and is close to
that of the current standard, SYBR Green I. This makes
LO-7 useful for various biomedical applications, inclu-
ding the PCR, DNA quantification in restriction frag-
ment mapping, band shift experiments, efc.
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Fig. 3. DNA detection in LO-7-
stained 2 % agarose gel with la-
ser gel scanner (4) and UV-trans-
illuminator (B). DNA dilution se-
ries (23, 5.8, 1.44 and 0.36 ng of
BstNI digested pBR322) were
analyzed in 2 % agarose gel post-
stained with LO-7; L — 100 bp

ladder (250 ng DNA)

1.44 0.36 ng

Fig. 4. Electrophoresis of LO/
DNA complexes at dye/base pair
ratio from 0.01 to 1; C — control
(plasmid DNA without preincu-
bation with dye). DNA concent-
ration 20 pM. Gel was stained
with LO-7
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TToxiana JlenianaoBoro OpaHKeBOTO SIK HOBHUI OApPBHUK IS

qyTuBoi (ayopecuentHoi nerekuii JTHK
Pesrome

Mema. J[ocnioxcenns H08020 yiaHino8020 bapenuka LO-7 sk peazen-
ma npu eizyanizayii 0eonanyroeosoi [JHK & enexkmpoghopemuunux ce-
nax. Memoou. ['env-enexmpogopes, pecmpuryis, gayopecyenmna oe-
mexkyist, mobility shift (3mina erekmpogopemuunoi pyxiuseocmi). Pe-
synemamu. LO-7 36 ’a3yemoca 3 JJHK, ymsoproiouu cmiiiki éucoko-
@ryopecyenmui komnaexcu. Y nogapoo6anux HuM aapo3nux 2eisx
modcna susnavamu ~ 80 ne JJHK 3a 0onomozoio nazepnoeo ckanepa i
0,3 He — 3a suxopucmaunusn Y O-mpanciniominamopa. [1ooiona uymau-
8icmb y KLIbKa pasie euwya, Hide y bpomucmozo emudiro, i 61uzvka 00
maxoi o SYBR Green I. Bucnoeku. LO-7 nanedxcums 0o naiiegex-
mueiwux bapsnuxis 014 izyanisayii 0eonanyioeosoi JJHK i modice 3a-
CIMOCO8YBAMUCH NPU BUPIUEHHT DIOAHATIMUYHUX 3A60aHb, 0e HeoOXiO-
Ha BUCOKA 4YMAUGICMD.

Knrouosi cnosa: ¢nyopecyenmui Oapéruxu, yiainu, ceib-enexim-
poghopes, HyKNeiHO8I Kuciomu, 0emexyis.

1O. B. Jluoan, JI. B. Kpusopomenxo, B. B. Heepyyras, . A. [yoeii

HpOI/ISBOZ[HOC JlenmuauHOBOTO OpaH)KCBOFO KaK HOBBIN KpacuTteJib

JUISl 4yBCTBUTEIbHOU (ryopecuenTrol nerexiun JJHK

Pestome

Lenw pabomul cocmosina 6 uzyueHuu H08020 YUAHUHOBO20 KPACUMEIS,
LO-7 kax peazenma npu suzyanusayuu ogyxyenoueunoit JHK 6 snex-
mpogopemuueckux 2enax. Memoowt. I'env-s1ekmpogopes, pecmpuk-
yusi, pryopecyenmuas oemexyus, mobility shift (usmenenue snexkmpo-
gopemuueckou noosuxcrocmu). Pesynomamot. LO-7 cesazvieaemcsi ¢

513



DIDAN Yu.V. ET AL.

JIHK, obpa3zys ycmouiuugble 8blcOKOQIyopecyenmusie KOMNieKkcol. B
OKPAUWEHHBIX UM A2APO3HBIX 2eIAX MOdCcHO onpedeiums ~ 80 ne JJTHK
npu nomowu nazeproeo ckawepa u 0,3 ne — npu ucnonvzosanuu Y-
mpancunnomunamopa. 11o006nas 4yscmeumenbHocnms 6 HECKOIbKO
pas evlule, yem y OpomMucmo2o smuous, u 61u3ka Kk maxkogou ousi SYBR
Green 1. Bo1600w1. LO-7 npunaonexcum k Haubonee 3¢hghexmusnvim
Kpacumensim 0ns eusyanusayuu 0gyxyenoveynou JJHK u mosicem npu-
MEHAMbCSL 0Nl peutenust OUOAHATUMUYECKUX 3a0ay, 20e HeobXoouma
BbICOKAS UYBCMBUMENTLHOCID.

Kniouesvie cnosa: grnyopecyenmue kpacumenu, yuaHumbl, 2eib-
neKmpoghopes, HyKIeuHogble KUCIOMbL, OeMeKyUs.
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