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ABSTRACT

Several procedures have been described for fluor-
escentlabeling of DNA and RNA. They are based on the
introduction of aldehyde groups by partial depurination
of DNA or oxidation of the 3 '-terminal ribonucleoside in
RNA by sodium periodate. Fluorescent labels with an
attached hydrazine group are efficiently coupled with
the aldehyde groups and the hydrazone bonds are
stabilized by reduction with sodium cyanoborohydride.
Alternatively, DNA can be quantitatively split at the
depurinated sites with ethylenediamine. The aldimine
bond between the aldehyde group in depurinated DNA
or oxidized RNA and ethylenediamine is stabilized by
reduction with sodium cyanoborohydride and the
primary amine group introduced at these sites is used
for attachment of isothiocyanate or succinimide
derivatives of fluorescent dyes. The fluorescent DNA
labeling can be carried out either in solution or on a
reverse phase column. These procedures provide
simple, inexpensive methods of multiple DNA labeling
and of introducing one fluorescent dye molecule per
RNA, as well as quantitative DNA fragmentation and
incorporation of one label per fragment. These
methods of fluorophore attachment were shown to be
efficient for use in the hybridization of labeled RNA,
DNA and DNA fragments with oligonucleotide micro-
chips.

INTRODUCTION

incorporated either using PCR amplification or using DNA or
RNA polymerases or terminal polynucleotide transferas#).(

The direct incorporation of fluorophores into nucleic acids by
chemical meand (5) has not found wide application. Instead, the
introduction of active amino or thiol groups into synthesized
oligonucleotides provides acceptors for subsequent chemical
fluorescent labelingl(6-8).

Sequencing analysis by hybridization to oligonucleotide
microchips is being developed by different groupsif). The
method can be applied to sequencing as well as to diagnostics of
genetic diseases, gene polymorphism studies, quantitative analysis
of gene expression, analysis of microorganisms in a sample, etc.
(for review sed.6). Fluorescent labeling allows one to carry out
highly sensitive and rapid analysis of the hybridization of nucleic
acids on microchips. A wide range of possible applications for
hybridization with oligonucleotide microchips requires a procedure
for fluorescent labeling that should be simple, efficient and
inexpensive and also satisfy the following criteria: (i) it can be
applied to both RNA and DNA, either isolated from cells or
synthesizedin vitro; (i) it must be compatible with the
fragmentation of nucleic acids (fragmentation is needed to
decrease the formation of hairpin structures that interfere with
nucleic acid hybridization to rather short microchip oligonucleo-
tides); (iii) to carry out quantitative hybridization analysis, the
amount of introduced label should not depend on length of the
nucleic acid fragments; (iv) several labels may be incorporated
for multiple coloring, based on the introduction of aldehyde groups
into DNA by partial depurination and hybridization analysis.

Here we describe several procedures for fluorescent labeling
developed with model oligonucleotides and applied to RNA and

Radiolabeling and fluorescent labeling have found wide applicatié®®NA. These procedures are regularly used by our group for
in DNA and RNA hybridization and sequence analysis. Althougfiuorescent labeling of DNA and RNA, before or after their partial
less sensitive, fluorescent dyes conjugated with nucleic acids offskgmentation. The labeled products have been used for hybrid-

some essential advantages over a radioactive 13bElyorescent

ization with oligonucleotide microchips. These procedures are

dyes can be detected in real time with high resolution and sevepalsed on the introduction of aldehyde groups into DNA by partial
can be monitored in one experiment. Fluorescent dyes also latdpurination and into RNA by oxidation of its-t8rminal
radiation hazards and the consequent problems of waste handlitbgnucleoside with sodium periodate, followed by the direct or

and disposal.

indirect attachment of one fluorophore molecule to the aldehyde

Fluorescent labeling of nucleic acids is usually carried out byroup of a fragment. The hybridization of RNA and DNA with
enzymatic reactions. Organic fluorophores are chemically intr@ligonucleotide microchips demonstrated the efficiency of the
duced into primers or nucleoside triphosphates and are thiabeling procedures described.
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MATERIALS AND METHODS column (200 ml) in the Hform. The column was washed with
. o, ) 300 ml 15% aqueous isopropyl alcohol and then with 300 ml

The oligonucleotides'$i(TeGTs) and 3-dAgUr were synthesized \yater and the reaction product was eluted with 500 ml 5%
with @ 394 DNA/RNA synthesizer (Applied Biosystems);aqueous ammonium hydroxide. The solution was evaporated to
poly(dA-dT)-poly(dA-dT) was purchased from Sigma. dryness, diluted with 5 ml water and chromatographed on an

Dimethyl sulfoxide (DMSO) was distilledh vacuounder  pp_18 column (2.5 30 cm) eluted with water. The solution was
calcium hydride. Pyridine and triethylamine were consecutivelyyaporated to 50 ml and, after filtration, chromatographed on a
d|5t|lled_ gnder tolygnesulfonyl chloride and caIC|L_Jm hydridepoWEX-50 column (200 ml) in the N¢tiform. The column was
Acetonitrile was distilled under phosphorus pentoxide. washed with 300 ml water and the product eluted with a linear

Reagents: tetramethylrhodamine (TMR) isothyocyanate, TMRadient of 0-1% (0.8 0.5 ) aqueous ammonium hydroxide and
succinimide ether, fluorescein isothiocyanate and fluorescejRan evaporated to dryness. Yield of bis-1,2-(hydrazo-
succinimide ether (Molecular Probes Inc.); T4 p0|y”UC|90tid%thoxy)ethane: 1.2 g (67%). Mass: 179.1 (M+1). '
kinase (Promega); methanesulfonyl chloride, toluenesulfonyl Tetramethylrhodamine isothiocyanate (1 mg, 2@®I) was
chloride, hydrazine hydrats,N-dimethylacetamide and sodium issolved in 1 ml dry acetonitrile and a solution of bis-1,2-(hydrazo-
cyanoborohydnde. (Merck). All other reagents were from Aldr'Ch-ethoxy)ethane (2 mg, 14@nol) in 20! dry acetonitrile and fl

Chromatographic sorbents: RP-18 (Merck), DOWEX-50 (Dow)yiethylamine was added. After incubation at room temperature for
Chromatographic solvent systems for TLC on kieselgel plateg) min (monitored by TLC, silvent system C), the reaction mixture
(glass backed; Me_rck) were chloroform/_ethanol 9:1 (A); acetonltnl_%(,as chromatographed on a TLC kieselgel plate @Dem) eluted
aqueous ammonium 8:2 (B); aceton|tr!Ie/water/chIorofor_m/trlwith solvent system C. The product-containing fraction was
ethylam!ne 8_:1:0.5:0.1_(C). Electrophoress was carr_led out in 209p/ﬂ:ked up from the plate, eluted from the sorbent with system C
acrylamide:bisacrylamide (30:1) gels with 7 M urea in-hiigate  anq |yophilized. Fluorescent dye was futher dissolved in 20%
buffer, pH 7.8, at 300 V for 90 min. Autoradiograms were scanngfethanol to 4 mM concentration. Yield: 0.74 mg (53%). The

with a 300A Computing Densitometer (Molecular Dynamics). U\gq|ytion of the chemical was stored in a freezer{628 months)
spectra were measured with a Shimadzu UV-160A. The extentgihout noticeable loss of activity.

fluorescent labeling was calculated from UV spectra at 260 nm, 555 fragments found:

where they (molar absorbency) value for adenosine is 16%, 1455 [NFSNH(CH,CHo0),CHoCHo NH +1;

for thymidine and 3N-methyluridine, 10« 13, for TMR, [BOx 385 M- NI—bNH(CHZCHzo)ZCHZCHZNHNI'—|C(S)NH +1];

103, for fluorescein, 66 10, at 490 nm they for fluorescein 356 7 (NHNH(CH,CHO)CHCHNHNHC(S)NHGH (COO) +1];
is 60x 103 at 550 nm they for TMR is 90x 10° (17-18). 325.7 [(CHCH,0),CHCHNHNHC(S)NHGHs (COOY) +1].

DNA depurination Fluorescent labeling of DNA with TMR hydrazine

In formic acid.DNA (10 ug or more) in 1Qul 80% formic acid  completely depurinated¥P]d(TeGTs) (10 pmol) was dissolved
was incubated at 2C€ for 30 min and was then precipitated atj, 19 pl 0.05 M sodium acetate buffer, pH 3.75-5.8, or sodium
—20°C for 15 min with 15 vol 2% lithium perchlorate in acetonephosphate buffer, pH 6.5-7.0 (or i of depurinated DNA

The precipitate was c_entrn‘uged, Washed_t\Nlce withpd@@etone  \y a5 dissolved in 10l sodium acetate buffer, pH 4.0) angdl%

and then with 101l diethyl ether and dried. mM TMR hydrazine9) (>10-fold molar excess) in 20% methanol

In HCI. DNA (1-10pg) was suspended in 10 0.2 N HCI, Was added to the reaction mixture. The solution was incubated for

incubated at 37C for 90 min, diluted with 4@l 650 mm 1 hat 37C and then 1.51 0.2 M NaCNBH (or NaBH or

ethylenediamine hydrochloride, pH 7.6, and usef-fsimination ~ PYBHb) in dry acetonitrile was added and the mixture was
without precipitation. incubated at 20C for 30 min. The mixture was diluted with 100

ul water and extracted five times with J@h-butanol saturated
Complete depurination of ¢{®Tg). Oligonucleotide (10 pmol with water. The DNA was precipitated with acetone and dried.
radioactive or 1 nmol non-radioactive) was dissolved inl 80% . . . _—
formic acid and incubated at BD for 90 min. It was then Fragmentation of depurinated DNA with ethylenediamine

precipitated at —2 for 15 min with 15 vol 2% lithium perchlorate nd its fluorescent labeling in solution or in & column

In acetone. D3(§purinated DNA (up to 1Qg) or 10 pmol fully depurinated

; ; P [*“P]d(TgGTg) was dissolved in 501 0.5 M ethylenediamine
Synthesis of TMR hydrazine (7 in Fig. 1) hydrochloride, pH 7.4, and incubated at@7for 3 h. Four
Triethylene glycol (1.5 g, 10 mmol) was dissolved in 50 ml drymicroliters of freshly prepared 0.1 M NaBttas added at room
pyridine and methanesulfonyl chloride (2.35 ml, 30 mmol) watemperature, followed by incubation at room temperature for
added. The reaction was carried out & Gor 2 h and was 30 min. Then, 41l 20% ethylenediamine was added to the DNA
monitored by TLC (solvent system A). The reaction was stoppesblution and the DNA was precipitated with 1 ml 2% lithium
by dilution of the mixture with 300 ml saturated sodiumperchlorate in acetone, washed twice with acetone and air dried.
bicarbonate solution. The product was extracted using chloroforiternatively, after the 30 min reduction, the DNA was diluted
(three extractions, 50 ml each). The combined organic extrastéth 1.5 ml water, purified on a C18 Sep-Pak cartridge (Waters
were dried over sodium sulfate and evaporated to dryness. Therp.) eluted with 1 ml 50% methanol and lyophilized. However,
residue (2.8 g) was dissolved in 30 MiN-dimethylacetamide [b0% of the DNA was usually lost on the column.
and 4 ml (80 mmol) hydrazine hydrate was added. The reactioriThe oligonucleotide or DNA with attached ethylenediamine
was carried out at room temperature for 3 h and was monitorags dissolved in 1l absolute DMSO and thend freshly
by TLC (solvent systems A and B). The reaction mixture wagrepared 30 mM fluorescein (or tetramethylrhodamine) isothiocya-
diluted with 300 ml water and passed through a DOWEX-5fate (or succinimide ether) in dry DMSO and 2iethylamine
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were added. The reaction mixture was incubated at room 2
temperature for 1 h and then |800.1 M sodium acetate buffer, ona—F—o " DNA_?_O—ﬁ/i
F—0  NHZNH-TMR + oH NH-NH-TMR
HaCNBH3
2

pH 4.0, was added. Unreacted fluorescein was extracted five
times with 100pl water-saturatedh-butanol. The DNA was

precipitated with acetone and dried. 1 ,.Hzmw\ 9 -
For column labeling, 2Qug poly(dA-dT)-poly(dA-dT) was DNA—R=0  NabHg ENA—B=0

incubated in 20Qul 80% formic acid at 20C for 30 min. The - O o

reaction mixture was diluted with 3 ml water, loaded onto the L —Cf""czmm

C-18 column (Alltech; 500 mg, high load) and the column

washed with 5 ml water. All loading and washing procedures were 3

performed with a syringe. The column was filled with 200 W_ﬁ_o Bow

500 mM ethylenediamine hydrochloride, pH 7.4, and incubate'g'iw_if_0 Base heos o

in a water bath at 3T for 3 h. The column was washed with 2 ml ™ 1 ° * Macnony

water and then with 0.5 ml of a 20 mM solution of ethylenediamine M

hydrochloride in 100 mM sodium acetate buffer, pH 4.2. Nine o

microliters of 1 M sodium cyanoborohydride in dry acetonitrile Ho o

was dissolved in 300 of a 20 mM solution of ethylenediamine 4 S m_ﬁ Bare

hydrochloride in 100 mM sodium acetate buffer, pH 4.2, and ”"g-(:g;m L j

loaded immediately onto the column. The column was incubated SETHR)

at room temperature for 0.5 h and washed with 10 ml water. Fresh N

saturated solution of fluorescein isothyocyanas®{100ug) in & Ly

200pl sodium carbonate/bicarbonate buffer, pH 9.1, was loaded,
the column was washed with 1.5 ml water to distribute the dye

throughout the whole column and then the column was washed
with 1 ml sodium carbonate/bicarbonate buffer, pH 9.1. The .
column was incubated at room temperature for 5 h, washed wWith  sunrr=  gw-oHzcHzop-CHrchynHRHCE Y
10 ml water until the eluted solution became colorless, dried,
washed with 2 ml acetone and dried again. The poly(dA- o
dT)-poly(dA-dT) was eluted with 50% acetonitrile. The fourth to z NicHy),

the tenth drops were collected and labeled product was precipitated

W'th 1.3 ml acetone. The pon(dA-dT)-p_on(dA—dT) was dISSOIVedFigure 1.Scheme of fluorescent labeling of depurinated DNA and RNA. FITC,

in 100l water, extracted three times with J00vater-saturated  fiuorescein isothiocyanate; SCN-TMR, tetramethylrhodamine isothiocyanate;
n-butanol and precipitated with acetone. SIE-TMR, tetramethylrhodamine succinimide ether; Y, fluorophore.

Fluorescent labeling of RNA with TMR hydrazine

Freshly prepared 0.1 M Naj@1 pl) was added to RNA (up to buffer, pH 4.0, and gl 20 mM ethylenediamine hydrochloride,
20 ug) or dAgUr (10 pmol B2P]dAgUr or up to 1 nmol dgur) ~ PH 7.2, were added. After incubation atG7or 1 h, 1.5l 200 mM
in 5l water and the solution incubated at@dor 20 min. RNA ~ NaCNBHg in dry acetonitrile was added at room temperature.
or oligonucleotides were precipitated with 2% lithium perchlorate ifféduction was carried out for 30 min and then RNA (oligonucleo-
acetone followed by two washings with acetone. Alternativelyide) was precipitated with 2¢0 of a 2% solution of LiCIQin
the excess of NalDwas reduced with I 0.2 M sodium acetone and dried. The precipitate was dissolvedihdt) DMSO
hypophosphite for 20 min at room temperature. Therogl M @nd then 1l of a 30 mM solution of fluorescein isothiocyanate
sodium acetate, pH 4.0, and 4 mM TMR hydrazine in 2094 dry DMSO contaning 0.l triethylamine was added. The
methanol at 1l/0.5 nmol oligonucleotide or fragmented RNA Mixture was incubated at room temperature for 60 min and then
were added. Coupling was carried out &Gor 1 h, then 1.5 diluted with 80ul 100 mM sodium acetate buffer, pH 4.0. The
0.2 M NaCNBH; in dry acetonitrile were added and reductior€Xcess fluorescent label along with traces of fluorescently labeled
was carried at room temperature for 30 min. The solution w&$hylenediamine were extracted five times with water-saturated
diluted with 100Ul water, free fluorescent label was extracted witHbutanol. The RNA was precipitated with acetone and dried.
rrbutanol and RNA was precipitated as described above for DNfy byigization of RNA and DNA with oligonucleotide

To quantitatively separate fluorescently labeled oligonucleotid icrochips
from unlabeled ones, the reaction solution was extracted four
times with 50ul phenol saturated with 1 M Tris—HCI, pH 8.5. Samples of 0.5ig single-stranded DNA or 53 RNA, eachi 200
Fluorescently labeled oligonucleotides were precipitated fromt long and complementary to the ®@gion of the HLA gene,
the combined phenol solutions with a 10-fold excess of 2% LiClQvere prepared as describéid;(Drobishevet al, unpublished

in acetone. data). A microchip with immobilized 10-, 20- and 30mer was
manufactured as describelb), RNA and DNA, fluorescently

Fluorescent labeling of RNA through ethylenediamine labeled as described above, were hybridized with the microchip

attachment in 10pl 50 mM sodium phosphate buffer, pH 7.4, containing 1 M

NaCl, 10 mM EDTA and 50% formamide &Gl for 18 h. The
NalOy4-oxidized RNA or dAUr (10 pmol P2P]dAgUr or up  microchip was washed once with the same hybridization solution
to 1 nmol dAUr) were dissolved in 140 50 mM sodium acetate at 4°C and fluorescence imaging of the hybridized microchip was
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carried out with a multicolor fluorescence microscope equipped A
with a CCD camera and the necessary softwidie (

RESULTS AND DISCUSSION

DNA and RNA fluorescent labeling (general description)

Highly reactive aldehyde groups can be easily formed in DNA
after its partial depurination at acidic pH. DNA depurination has
been well studied and has been used for DNA fragmentation i
(19-21), to detect DNA regions shielded by proteins or other I - - Ty
ligands 21), in the Maxam-Gilbert sequencing meth@a-24) = i
and for DNA—protein crosslinkin@$,26).

Figurel shows that the active aldehyde groups can be directly
used for DNA labeling by reaction with fluorophores containing
aldehyde-specific (e.g. hydrazine) groups. This reaction causes - =¥,
partial DNA fragmentation at depurinated sites. Alternatively, DNA
can be quantitatively fragmented at depurinated sites through

B-elimination reactions catalyzed by ethylenedianti@e (n the T 23858
presence of reducing agents, ethylenediamine forms a stable

secondary amine bond with the depurinated site. Then activated C 40 48 55 65
fluorescent dyes can be attached to the second primary amine B 375 45 52 sa 70 PO

group of the bound ethylenediamine. These procedures can be % ——————_—__

applied to any abasic DNA (Fit).
Dialdehyde groups are easily incorporated into RNA by

oxidation of the 3terminal ribonucleotide with NalQFig. 1).

Such oxidized RNA has been used for fractionatt@?0) and

for incorporation of a fluorescent lab8¢33). These procedures

were partly modified and applied for fluorescent labeling of RNA 1

in the same way as described for DNA. I— il |
Though quantitative analysis of the reaction yields (Taple

was carried out only on the model oligonucleotides, a wide range

of RNAs, as well as single-stranded and double-stranded DNAs

up to 1500 nt long, were labeled by the described methods and

used for hybridization with oligonucleotide microchips.

DNA depurination 123 45878 810

Purine glycosyl bonds in DNA are rather unstable and depurinatidfigure 2. The effect of different reducing agents and pH on the condensation
is accelerated at low pH or at high temperature and neutral pﬂdepurlnated%?P]d(TﬁGTg) with TMR hydrazine.A) Gel electrophoresis of

A T . : - ~depurinated oligonucleotide coupled with TMR hydrazine and reduced with
(34,35). Depurination can be facilitated by preliminary methylation NaBH, (lane 1), NaCNBH (lane 2) and PyBkilane 3): 2P]d(TeGTe) fully

of purine bases with dimethylsulfaf). However, depurination  gepurinated and treated with piperidine at “m0Ofor 1 h (lane 4);
under acidic conditions (pH 1-2) is more convenient, for it does n@$2p|d(TsGTg) fully depurinated (lane 5)3%P]d(TsGTg) (lane 6). B) Gel

depend on the DNA secondary structure or the guanine and adengiestrophoresis of fully depurinate]d(TeGTg) (lane 1) after coupling with
composition and it is easy to perfor&6£38). Depurinationin ~ TMR hydr]f"zn'”e in 50 mM sodium ﬁ‘cetate or sodium phosphate buffers, pH
0.2 M HCl is preferable for small amounts of DNA, because thé: />0 followed by reduction with NaCNEH

depurinated DNA can be directly used in the subsequent fragmenta-

tion procedures without purification. For large amounts, depurina- . .- .
tion is carried out in formic acid as a good solvent for DNA%Ighly reactive £7). The aldehyde groups efficiently react with

followed by DNA precipitation before further use. Depurinatiorf€ ydrazine group of TMR hydrazine. The synthesis of TMR
at 207 C for 30 min in formic acid was shown to correspond to thgtydrazine consists of attachment of bis-hydrazine containing a
in 0.2 M HCI at 37C for 90 min. The optimal level for DNA polyether linker to the fluorophore. The basic alkylhydrazine group

depurination should be found experimentally by hybridization of/aS Shown to catalyf® andd-elimination reactions that cause
the fluorescently labeled DNA samples. The complete depurinatighV/ fragmentation (see below). The level of the fragmentation

of a model oligonucleotide’-8(TsGTs), was carried out at 65 caused byB-elimination under the conditions we us_ed varied
for 1.5 h in 8'3% fLé)rmiclacid.( 6GTg), was I ) from 20 to 30% (Tablé) and depended on the duration of the

reactions. Since we have not observed a prefererfelforination
Fluorescent labeling of partially depurinated DNA with TMR(relative tod-elimination) in these reactions, it is not possible to
hydrazine.A scheme for fluorescent labeling of depurinatecbtain a high yield of fragmented, fluorescently labeled product.
DNA is shown in Figurd. Depurinated sites in DNA exist in an Double bonds between DNA and the dye can be stabilized by
equilibrium of two forms: a cyclic hemiacetal and an open chaireduction with NaBlj, NaCNBH; or PyBH, giving rise to
aldehyde; the latter constitutes onlifs of the species, but is fluorescently labeled fragmented or non-fragmented DNA.
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Table 1.Yield of fluorescent labeling of RNA and DNA by different procedures

Oligonucleotide Labeling procedure Fragmentation (%) Yield of fluorescently labeled
oligonucleotide (%)

1. 5-d(TeGTg) TMR hydraziné 20¢ 59¢

2. 5-d(TgGTg) SCN fluorophorg 8r 554, 46

3. 5-dAgUr TMR hydrazin@ 654, 5&F

4. 5-dAgUr SCN fluorophorg 48d

2Coupling of TMR hydrazine to depurinated DNA &#t@&rminal ribonucleotide oxidized with NajO

bCoupling of SCN-fluorophore through an ethylenediamine bridge to depurinated DNAeomhal ribonucleoside oxidized with NajO
CYield was measured by radioautograph scanning.

dyield was measured by UV spectroscopy.

A ¢ 65 40 4.5
- - - —_

. |
— W

Figure 4. The effect of pH on the labeling of oxidize®PH]dAgUr after
reduction with NaCNBH Lane 1,$2P]dAgUr; lane 2, as lane 1 after oxidation

. with NalQy; lanes 3-8, oxidizedfP]dAgUr, coupled with TMR hydrazine and

— reduced with NaCNBBiin 35 mM sodium acetate or sodium phosphate buffers,

pH 3.75-6.5. Band I, unreduced product of TMR hydrazine condensation with
initial oligonucleotide; band Il, reduced fluorescently labeled product; band Ill,
unlabeled initial oligonucleotide and this oligonucleotide after oxidation and

B reduction.
Bands froemi
fans 3 Fig. 54 | L] [} I
Tl-socinks R s L electrophoresis (Fig@A). The initial 15mer (band Il in lane 6), the
niher e e — — fully depurinated 15mer (band 1l in lane 5) af&P]d(Te)p (band
V in lane 4, derived from the depurinated 15mer by treatment with
- piperidine) were electrophoresed as controls. Piperidine treatment
’. causes complete fragmentation of DNA at depurinated residues
(24). The binding of a bulky fluorochrome, TMR hydrazine,
[ - - retards the electrophoretic mobility of the depurinated 15mer
- (band I in lanes 1-3) and 6mers (band 1V). Scanning of the gel

autoradiograph shows that the use of NaChlBsla reducing
agent produced the highest yield5@%) of non-fragmented
fluorescently labeled 15mer (Taldle

Figure 2B shows the effect of pH on the condensation of the
depurinated 15mer (band II) with TMR hydrazine to produce

Figure 3. Fluorescent labeling of depurinatédH]d(TsGTg) after fragmenta- . .
tion at the depurinated site and ethylenediamine attachmentGél fluorescently labeled DNA (band I). The reduction was carried

electrophoresis of the completely depurinated oligonucleS#&8d[ TsG Tg) out with NaCNBH. It appears that the most quantitative yield of
(lane 1), after treatment with piperidine at 10@or 1 h (lane 2) or reactionwith  the fluorescently labeled DNA is achieved at pH 4.0.
ethylenediamine followed by reduction with NaBKlane 3). B) Gel

electrophoresis of the compounds in bands I-1V (Fig. 5A, lane 3) treated with ) )
TMR succinimide ether. Fragmentation and fluorescent labeling of DNAscheme of

fragmentation and fluorescent labeling of DNA at depurinated
sites is also shown in FiguteThe scheme is based on results of
This method of fluorescent labeling was tested on the 15mtre studies of reductive attachment of amino compounds to
5'-d(TeGTg), which was labeled at thetrminus with §-32PJATP  depurinated DNAZ9). Amines catalyze the scission of DNA at
with polynucleotide kinase, was fully depurinated and wadepurinated sites througifigelimination reaction47). Primary
reacted with TMR hydrazine in the presence of different reduciragnines at the same time reversibly react with the aldehyde groups
agents.The products of these reactions were separated by afetiepurinated sites to form aldimines (Schiff basg&kg) The

1 2 3 4 5 6 7 &
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2 34 Fluorescent labeling of RNAhe dialdehyde groups that are
introduced into RNA by oxidation of thé,2-terminal vicinal
dihydroxy groups with Nal@can react with TMR hydrazine
(Fig. 1) with [50% vyield (Tablel). Reduction of the reaction
product with NaCNBHincreases its stability. Figuéeshows the
effect of pH on fluorescent labeling of a model compound,
[32P]dAgUr, by reduction with NaCNBg! It appears that the
optimal pH for the reaction is 3.75-4.5. If the RNA is
phosphorylated at the'-8rminal position (as the result of
fragmentation induced by acids, alkalis or metals, for example),
the phosphate groups can be easily removed by treatment with
phosphatase before the labeling procedure.

Figurel also shows a method of fluorescent labeling through
ethylenediamine attachment to the terminaB'-dialdehyde
groups of oxidized RNA. The activated fluorescein dyes react
with the primary amino group of ethylenediamine on the RNA as
described above for DNA, witftb0% overall yield.

1

Figure 5. Gel electrophoresis of fluorescently labeled poly(dA-dT)-poly(dA-
dT) through ethylenediamine attachment (see Fig. 6, path B). Lane 1,

depurinated poly(dA-dT)-poly(dA-dT) fluorescently labeled through ethylene- Purification of quorescentIy labeled samples
diamine attachment; lanes 2 and 3, fluorescein isothiocyanate and product of

Lerglfrt]igrr]leor:‘gllut%e;cein isothiocyanate with ethylenediamine respectively; lane 4A high excess of activated fluorescent label must be added in the
' condensation reaction so that we can ignore the traces of
ethylenediamine, contaminated RNA and DNA after condensation.
aldimines can be stabilized by reduction with various agents ( We have found that butanol extraction from acid aqueous
reviewed in41). solutions completely separates the labeled product from the
Ethylenediamine was shown to be particularly effective in thexcess of unreacted fluorophore without laborious procedures
quantitative scission of depurinated DNi&Y, The condensation such us dialysis. FiguBeshows that butanol extraction produces
of ethylenediamine with depurinated DNA sites also introducelure fluorescently labeled poly(dA-dT)-poly(dA-dT) with no
a reactive primary amino group that can be used for fluoresceimixture of other fluorescent products. _
labeling by reaction with commercially available activated fluoro- After labeling dAUr with TMR hydrazine and butanol extraction
phores, such as theotbiocyanates or succinimide ethers OfOf the unreacted fluorescent dye, the labeled product can be
fluorescein or TMR. separated from non-labeled oligonucleotide by phenol extraction.
The product of the reaction of fully depurinat®P|d(TeGTg)  This p_rocedure transfers >90% of the labeled, but no ynlabeled,
with ethylenediamine followed by TMR succinimide etherdmer into the phenol phase because of the hydrophobic nature of
treatment can be identified by gel electrophoresis. Figare the fluorophore residue. The procedure works only for rather
shows that 32P]d(TgNTg) containing depurinated residue N short oligonucleotides.
(band 1, lane 1) is converted inté?P]d(Tep) after piperidine
treatment (band V, lane 2). The reaction of the same oligonuclaggpyidization of fluorescently labeled DNA and RNA with
tide, F2P]d(TeNTg), with ethylenediamine followed by reduction oligonucleotide microchip
with NaBH;, results in the appearance of an additional three
products (bands II-IV, lane 3). To identify some of these&ingle-stranded DNA was first depurinated and then labeled with
products, the substances from bands -1V were eluted from tAi&IR hydrazine or was fragmented with ethylenediamine and
gel, reacted with TMR succinimide ether in dry DMSO andabeled with activated fluorescein. RNA was enzymatically
separated by eledphoresis. FigureB shows that only band labeled or was oxidized and labeled with TMR hydrazine.
II'in lane 3 (Fig.3A) changed its electrophoretic mobility after Hybridization of the mixture of differently labeled DNAs and
reaction with TMR sudaimide ether. Piperidine treatment of then RNA samples successively with the microchip (containing
band Il did not producany changes in its electrophoretic10-, 20- and 30mers that are complementary to the RNA and
mobility (not shown), suggesting reduction with NaBHiboth  DNA; Fig. 6A) is shown in Figure6B. As expected, the
the aldimine and the double ‘€23 bond in the terminal sugar fragmented DNA (6a) was hybridized more efficiently and
moiety. A similar redution of conjugated C=C and C=0 produced stronger signals than the unfragmented DNA. The
bonds to aliphatic alcohols halso been describedd). Some  hybridization signals were higher with longer immobilized
side reactions led tanidentified products in Figur@A and B.  oligonucleotides. The unfragmented DNA (6b) and RNA (6c)
Thus, this procedure provides0% yield of ethylenediamine was also preferentially hybridized on the periphery of the gel pads
conjugation and®0% efficiency of fragmentation at depurinateddue to retarded diffusion of long nucleic acids into the gel and the
sites (Tablel). possible formation of secondary structures in it. RNA labeled
The DNA labeling methods were carried out either in a solutioenzymatically (Fig6B, d) or after oxidation with either TMR
through several rounds of precipitation or on a column by washifitydrazine (Fig6B, c) or with activated fluorescein through a
it with different reaction solutions (see Materials and Methodsgthylenediamine linker (Gushét al, unpublished data) showed
The column procedure can be easily automated in order to perfaimilar hybridization patterns. The hybridization shown in
many labeling reactions simultaneously, speeding up and simplififigure 6B was carried out at°€. However, hybridization was
ing fluorescent labeling. also carried out at higher temperatures (up ftCsdor up to



Nucleic Acids Research, 1996, Vol. 24, No. 22541

A
10-mer 5.TCT CCA TCA A-Gel
20-mer 5. TCA TCT CCA TCA AAT TCA TG-Gel
30-mer 5'-G TAG AAC TCC TCA TCT CCA TCA AAT TCA TG-Gel
DNA, RNA:——
3 sannnnanC ATC TTG AGG AGT AGA GGT AGT TTA AGT ACY.....5
B
J-mer H=-mer 1-mer Memer 2-mer 10-mer

Figure 6. Hybridization of fluorescently labeled RNA and DNA with microchip3.INA and RNA moleculeSR00 nt long contain regions complementary to 10-,

20- and 30mer oligodeoxyribonucleotides. The oligonucleotides are immobilized on the microchip withf®@8@0 um polyacrylamide gel pads arranged 200

from each other on a glass slide (1B).$amples of DNA and RNA were each labeled using several labeling procedures and the samples were hybridized successiv
with the microchip; (a) partially depurinated DNA fragmented with ethylenediamine and labeled with activated fluorescein; (b) unfragmented, partly depurinated D
labeled with TMR hydrazine; (c) RNA labeled with TMR hydrazine; (d) RNA labeled by incorporation of fluorescein-UTP during transcription with the Ambion
MEGAshortscript kit according to the manual. Fragmented and unfragmented DNA labeled with fluorescein (a) and TMR (b) respectively were hybridized in a mixt
with the microchips and their hybridization patterns were monitored separately with a two wavelength fluorescence microscope. I, fluorescence images of
microchip; Il, quantitative measurements of the fluorescence intensities; au, an arbitrary unit of fluorescence intensity.

several hours without any sign of degradation of the fluorescenEey. 6B, a and b) provides the possibility of more accurate

label (Drobisheet al, Gushinet al, unpublished data). guantitative comparison of the hybridization of these samples.
Depurination was carried out under conditions wihef2% of It appears that the described methods can provide efficient

the bases were excised from DNA. The random removal dluorescence labeling of DNA and RNA for their use in

2-4 bases within, for example, 200 base long DNA molecules digbridization and for other procedures as well.

not appear to significantly affect the efficiency of hybridization.

Depurination within the hybridization sequence has a lowoNCLUSIONS

probability when hyhdizing the labeled DNA with short

oligonucleotides, although it significantly destabilizes the duplexeShe procedures described for fluorescent labeling of DNA in

Hybridization with longer oligonucleotides will increase thesolution or on a column and of RNA in solution are efficient,

probability of depurination within the hybridized regions, but theimple, inexpensive and based on commercially available reagents.

destabilization effect of the excised base will be less strong. They can be applied to samples extracted from cells or prepared
Different fluorescent labels can be introduced into differerity enzymatic or chemical methods. Fluorescent labeling of DNA

samples of nucleic acids. The simultaneous hybridization of thesen be carried out in parallel with quantitative or partial

samples in a mixture and differentiation of their hybridizatiodfragmentation. RNA can be labeled before or after standard

pattern with a multicolor fluorescence microscope (shown iprocedures of fragmentation with acids, alkalis or metals and
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followed by treatment with phosphatase to remove 'therr@inal 14 Shena,M., Shalon,D., Davis,R.W. and Brown,P.Q. (136&nce270

Qi 467-470.
phosphatle grlouD' One. fluforescent d.ye IS Inérog.uceﬁ per RNA&OBr Yershov,G., Barsky,V., Belgovskiy,A., Kirillov,E., Kreindlin,E., lvanov,l.,
DNA molecule after its ragmentation and this allows us t Parinov,S., Guschin,D., Drobishev,A., Dubiley,S. and Mirzabekov,A.

quantitatively analyze the labeling and hybridization procedures. (1996)Proc. Natl. Acad. Sci. USA3, 4913-4918.
These methods have been routinely used by our group at both Mirzabekov,A.D. (1994Jrends Biotechnql12 27-32. _
ANL and EIMB for fluorescent |abe|ing and hybridization of 17 Budavari,S. (ed.) (198Fhe Merck Index. An Encyclopedia of Chemicals,

; ; : ; ; Drugs and BiologicalsMerck & Co., Rahway, NJ.
DNA and RNA with OllgonUCIeOtlde mlcrochlps. 18 Haugland,R.P. (1998andbook of Fluorescent Probes and Reseach

ChemicalsMolecular Probes, Eugene, OR.
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