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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-

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 («Fermentas», Lithuania) in TE buffer (100

ng/µl) 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/�l. For sensitivity assay, plasmid DNA was rest-

ricted with BstNI enzyme («Fermentas») and then serial-

ly diluted (1:4) to get 4 samples with DNA concentra-

tions of 23, 5.75, 1.44 and 0.36 ng/�l. 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 � 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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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 �M, with IC90 value ~ 1 �M for

the most active inhibitor. We have found that these vir-

tually non-fluorescent compounds strongly interact with

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 �max 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, A,

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 pBR322 (4361 bp). Thus the minimum quan-

tity of dsDNA 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 I 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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Fig. 1. Excitation (1) 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
–5

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)



Dissociation half-time for LO-7 complex with

pBR322 DNA in agarose gel was found to be ca. 15 min

(for comparison, the reported t1/2 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, etc.
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Þ. Â. Ä³äàí, Ä. Â. Êðèâîðîòåíêî, Â. Â. Íåãðóöüêà, ². ß. Äóáåé

Ïîõ³äíà Ëåï³äèíîâîãî Îðàíæåâîãî ÿê íîâèé áàðâíèê äëÿ

÷óòëèâî¿ ôëóîðåñöåíòíî¿ äåòåêö³¿ ÄÍÊ

Ðåçþìå

Ìåòà. Äîñë³äæåííÿ íîâîãî ö³àí³íîâîãî áàðâíèêà LO-7 ÿê ðåàãåí-

òà ïðè â³çóàë³çàö³¿ äâîëàíöþãîâî¿ ÄÍÊ â åëåêòðîôîðåòè÷íèõ ãå-

ëÿõ. Ìåòîäè. Ãåëü-åëåêòðîôîðåç, ðåñòðèêö³ÿ, ôëóîðåñöåíòíà äå-

òåêö³ÿ, mobility shift (çì³íà åëåêòðîôîðåòè÷íî¿ ðóõëèâîñò³). Ðå-

çóëüòàòè. LO-7 çâ’ÿçóºòüñÿ ç ÄÍÊ, óòâîðþþ÷è ñò³éê³ âèñîêî-

ôëóîðåñöåíòí³ êîìïëåêñè. Ó ïîôàðáîâàíèõ íèì àãàðîçíèõ ãåëÿõ

ìîæíà âèçíà÷àòè ~ 80 ïã ÄÍÊ çà äîïîìîãîþ ëàçåðíîãî ñêàíåðà ³

0,3 íã – çà âèêîðèñòàííÿ ÓÔ-òðàíñ³ëþì³íàòîðà. Ïîä³áíà ÷óòëè-

â³ñòü ó ê³ëüêà ðàç³â âèùà, í³æ ó áðîìèñòîãî åòèä³þ, ³ áëèçüêà äî

òàêî¿ äëÿ SYBR Green I. Âèñíîâêè. LO-7 íàëåæèòü äî íàéåôåê-

òèâ³øèõ áàðâíèê³â äëÿ â³çóàë³çàö³¿ äâîëàíöþãîâî¿ ÄÍÊ ³ ìîæå çà-

ñòîñîâóâàòèñü ïðè âèð³øåíí³ á³îàíàë³òè÷íèõ çàâäàíü, äå íåîáõ³ä-

íà âèñîêà ÷óòëèâ³ñòü.

Êëþ÷îâ³ ñëîâà: ôëóîðåñöåíòí³ áàðâíèêè, ö³àí³íè, ãåëü-åëåêò-

ðîôîðåç, íóêëå¿íîâ³ êèñëîòè, äåòåêö³ÿ.

Þ. Â. Äèäàí, Ä. Â. Êðèâîðîòåíêî, Â. Â. Íåãðóöêàÿ, È. ß. Äóáåé

Ïðîèçâîäíîå Ëåïèäèíîâîãî Îðàíæåâîãî êàê íîâûé êðàñèòåëü

äëÿ ÷óâñòâèòåëüíîé ôëóîðåñöåíòíîé äåòåêöèè ÄÍÊ

Ðåçþìå

Öåëü ðàáîòû ñîñòîÿëà â èçó÷åíèè íîâîãî öèàíèíîâîãî êðàñèòåëÿ

LO-7 êàê ðåàãåíòà ïðè âèçóàëèçàöèè äâóõöåïî÷å÷íîé ÄÍÊ â ýëåê-

òðîôîðåòè÷åñêèõ ãåëÿõ. Ìåòîäû. Ãåëü-ýëåêòðîôîðåç, ðåñòðèê-

öèÿ, ôëóîðåñöåíòíàÿ äåòåêöèÿ, mobility shift (èçìåíåíèå ýëåêòðî-

ôîðåòè÷åñêîé ïîäâèæíîñòè). Ðåçóëüòàòû. LO-7 ñâÿçûâàåòñÿ ñ
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23 5.8 1.44 0.36 ng L 23 5.8 1.44 0.36 ng

A B

Fig. 3. DNA detection in LO-7-

stained 2 % agarose gel with la-

ser gel scanner (A) 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)

1.0 0.5 0.2 0.1 0.05 0.025 0.01 C

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 �M. Gel was stained

with LO-7
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ÄÍÊ, îáðàçóÿ óñòîé÷èâûå âûñîêîôëóîðåñöåíòíûå êîìïëåêñû. Â

îêðàøåííûõ èì àãàðîçíûõ ãåëÿõ ìîæíî îïðåäåëèòü ~ 80 ïã ÄÍÊ

ïðè ïîìîùè ëàçåðíîãî ñêàíåðà è 0,3 íã – ïðè èñïîëüçîâàíèè ÓÔ-

òðàíñèëëþìèíàòîðà. Ïîäîáíàÿ ÷óâñòâèòåëüíîñòü â íåñêîëüêî

ðàç âûøå, ÷åì ó áðîìèñòîãî ýòèäèÿ, è áëèçêà ê òàêîâîé äëÿ SYBR

Green I. Âûâîäû. LO-7 ïðèíàäëåæèò ê íàèáîëåå ýôôåêòèâíûì

êðàñèòåëÿì äëÿ âèçóàëèçàöèè äâóõöåïî÷å÷íîé ÄÍÊ è ìîæåò ïðè-

ìåíÿòüñÿ äëÿ ðåøåíèÿ áèîàíàëèòè÷åñêèõ çàäà÷, ãäå íåîáõîäèìà

âûñîêàÿ ÷óâñòâèòåëüíîñòü.

Êëþ÷åâûå ñëîâà: ôëóîðåñöåíòíå êðàñèòåëè, öèàíèíû, ãåëü-

ýëåêòðîôîðåç, íóêëåèíîâûå êèñëîòû, äåòåêöèÿ.
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