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Photographic Detection of Fluorescent-
Labelled Oligodeoxynucleotide in the Blotting
Format by Peroxyoxalate Chemiluminescence
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The preparation of a fluorescent labelled oligonucleotide and its photographic detection by
peroxyoxalate chemiluminescence (PO-CL) are described. Fluorescent labelling of an
oligonucleotide (15-mer) was performed with naphthalene-2,3-dicarboxaldehyde to give an
N-substituted 1-cyanobenz[flisoindole (CBI) derivative (CBI-15-mer). For the photographic
detection of CBI-15-mer, the bis(2,6-difluorophenyl) oxalate (DFPO)-dimethyl phthalate (DMP)
system was selected to obtain a long-lived CL emission. After optimizing the conditions for the
CL reaction, the system was applied to the photographic detection, and as little as 250 fmol per
spot of CBI-15-mer on a membrane were detected as a visible spot with an instant
photographic film. 0 1998 John Wiley & Sons, Ltd.
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INTRODUCTION non-enzymatically-produced CL, such as that from
acridinium esters as labels, decays rapidly (6) and
A photographic detection technique for a nonthis poses a problem for photographic CL detection.
isotopic chemiluminescence (CL)-based assay hasln this paper we evaluate the scope and limitations
an increasing promise for the detection and quantif the analytical performance of peroxyoxalate
fication of biologically important compounds be-chemiluminescence (PO-CL) for photographic de-
cause of its high sensitivity, simplicity and ease ofection of an oligodeoxynucleotide labelled with
handling. This technique does not require specializethphthalene-2,3-dicarboxaldehyde (NDA) on a
or expensive equipment, and thus is convenient membrane in a blotting format. NDA is known to
protein blotting and nucleic acid hybridizationreact with primary amines to give highly fluorescent
assays. For this purpose, enzymatically catalys&dsubstituted 1-cyanoberflifoindole (CBI) deriva-
CL reaction systems using peroxidase-luminol (Ijves (7-9). A PO-CL detection of CBI derivatives
and alkaline phosphatase-adamantyl dioxetanbas also been studied and it was reported that primary
(2,3,4,5) have been exclusively employed. In generamines labelled with NDA gave higher sensitivities
than those with dansyl chloride and 4-fluoro-7-
*Correspondence to: N. Kuroda, School of PharmaceuticﬂItmbenzoxadIaZOIe in combination with bIS(2,4,6-

Sciences, Nagasaki University, Bunkyo-machi, Nagasaki 85§(ichlorpphenyl) oxalate (TCPO) (10). )
Japan. In this study, several oxalates were evaluated with
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aview to obtainingalongdived CL emisson, andthe
bis(2,64difluorophenyl) oxalate (DFPO)-dimehyl
phthalde (DMP) systemwasseleced. After optimiz-
ing the condtions for CL readion, the sysem was
applied to the photaraphic detecion of CBI-
oligonudeotide on a memlrane.

MATERIALS AND METHODS
Apparatus

The HPLC systemconsised of two pumps(LC-9A)

with a SCL-6B systemcontroller (Shimadzu,Kyoto,

Japap, a 7125 injector with a 100uL loop

(Rheodye, Cotati, CA, USA), an ODS column
(Daisomk SP-1205-0DS,250 x 4.6mmi.d., Daiso,
OsakaJapan)a Shimadz SPD-9AUV-Vis detector
(setat 260 nm) and an RF-500 spectrofliorometer
(setat 480nm with an excitation at 285nm). HPLC

was performed at ambien temperatire using a

mixture of acetonirile and0.1 mol/L triethylanmo-

nium-acetatebuffer (pH 7.0)asamobile phasewith a

gradientelution.

A TD-4000lumiphotometerLabosience,Tokyo,
Japan with a small glass testtube (50 x 5mm,i.d.)
was used for the CL measuements. A canera
luminometer (Camlight 501) was purchased from
Analytical Luminesence Laboratory (San Diego,
CA, USA) andtheinstantfilm usedwasPolarod 667
(black andwhite).

Reagents

Cyclohexylanine (CHA) and triethylamine (TEA)
were obtaina from Wako Pure Chemicds (Osaka
Japan andwere usedafter distillation. Sephade G-
25 and NDA were purchasedfrom SigmaAldrich
JapanK.K. (Tokyo). DMP, TCPO, DFPQ bis(2,4-
dinitrophenyl) oxalate (DNPO), bis[2-(3,6,9-trioxa
decyloxyarboryl)-4-nitropheny] oxalate (TDPO)
from Wako were usedas received.Bis(pentaflioro-
phenyl) oxalate (PFPQ and bis[2,4,5¢richloro-6-
(pentybxycarbonyphenyl)]oxalate(TPPO)wereob-
tainedfrom Tokyo KaseiKogyo (Tokyo). 4,4-Oxa-
lyl-bis[(trifluoromethylsulphonyl)imino]trimethylene-
bis(4-mehylmomholinium)trifluoromethanesulpho-
nate (MPTQ) was synthesized accoding to the
publishel method (11). All othea chemicat and
solvent wereof analyticd reagentgrade.Deionized
anddistilled waterwasusedthroughout.
Membranes usedwere as follows; Tropilon-Plus
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from Tropix (Bedford,MS, USA), Hybond-N+ from
Amersham (Arlington, IL, USA) and Zeta-Prde
from Bio-Rad (Richmond,CA, USA).

Thesynthesiof anoligodeaxynucleotde [15-ma':
d(TCCCAGTCACGACGT)] was performed by
using a standad phosphoamidite chemisty (12).
Incorpoation of an alkylamine linker-am to 5'-ter-
minus of the oligonudeotide was performedduring
the oligonucleotide synthess and 6-(trifluoroaceyl-
amino)hexyl-(2-canoethyl)-N,N-diisopropyl)-phos-
phoranidite (Glen Research,VA, USA) was em-
ployed as a reagnt. Molar absorptivty of the
oligonudeotide was calculted using the following
equation (13):

Oligomer Corcentraton (pmol/ul) = 100 x
Assd(1.54nA + 0.75nC + 1.17nG + 0.92nT)

whereA,g0= stok soluion’s absobanceat 260nm;
nx=numkber of residus of base X in the oligo-
nucleotde.

Theappraimate concentationof a CBI derivaive
of oligonudeotide (CBI-15-mer) was calculated by
usingthemolarabsoptivity of 15-merat260nmplus
50000whichwastentatively deducel from thatfor 1-
cyano-2N-propyl benzf] isoindoleat 252nm (9).

Preparation of CBI derivative of CHA and 15-
mer

Prepaation of a CBI derivaive of CHA (CBI-CHA)
was performedaccordig to a previoudy descriled
procedurd8). The crudeprodudswererecrystllized
from methaml to give reddishyellow needgs;yield,
60%, m.p. 152-154C. Analysis calculated for
CioH1gNo: C, 83.17;H, 6.62; N, 10.22(%). Found:
C, 82.80;H, 7.01;N, 10.00(%).

For the prepaation of CBI-15-mer,mixture of an
aqueows solution of 15-mer (0.5umol, 300uL), a
0.01 mol/L sodum boratebuffer (pH 9.1, 1.2mL)
anda0.05mol/L agueos solutionof sodumcyanide
(300puL) wasplacedin a screw-capedvial. To this
was added 1.2mL of 2.5mmolL NDA in N,N
dimethyformamde (DMF) immedigely, and the
resultantsolution was kept at room temperatire for
10min in the dark. The reactionwas monitoredby
the HPLC asdescribedabove,in which CBI-15-mer
(tr: 29.4min) wasclearly separatedrom 15-mer(tg:
8.8min); 95.3%o0f 15-merwasconvetedto CBI-15-
mer within 10min. The readion mixture was then
appliedto a SephadexG-25 column (20mL) and
developedvith 0.1 mol/L triethylammoniumacetae
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buffer (pH 7.0) to desaltand to removethe exces
NDA. The fractions containing CBI-15-me were
colleded and lyophilized. The crude recovery of
CBI-15-me at this stagewasapproximagly 57%.A
final purification wasperformedby the HPLC when
necesary. The fluorescene excitationand emisson
specta of CBI-15-mer were idertical to those for
CBI-CHA, butits intensity at 487 nmwasabout40%
of thatfor CBI-CHA.

Procedure for measurement of CL

The CL reactionconditionswere optimized with a
lumiphotomeer as follows: to 150uL of DMP
soluion of CBI-CHA in atesttube 50puL eachof
hydrogen peroxde in t-butyl alcohol (t-BuOH) and
TEA in t-BuOH wereadded After mixing, 150uL of
oxalatein DMP wasaddedandthe CL wasmeasued
for 30min with the lumiphotometer The total CL
intensty wasdefinedasthe areaunderthe CL decay
curve All expeimentswere performedat ambier
tempeanture.

Photographic detection of CL

The CL measuementby a camerauminometerwas
performedasfollows: 1 uL of anaqueos soluion of
CBI-15-me wasspotedontoamembanewhichwas
pre-wettedwith water.After drying completelyin the
dark, the membanewas dippedin the CL reaction
soluion conssting of 750uL of 2.0mmolL DFPO
in DMP, 125puL of 40 mmol/L hydrogenperoxdein
t-BUOH and125uL of 2.0 x 10 > mol/L TEA in t-
BuOH. The membane was then taken out of the
soluion and placed quickly on Saranwap in the
sanple conmpartment of the camera luminometer.
The CL produedwasimagedon a Polarod film at
roomtempeature (40 min exposue).

RESULTS AND DISCUSSION
Optimization of CL reaction conditions

The CL readion wasoptimized using CBI-CHA asa
standard sanple. At first, TCPQ DFPO, PFPO,
DNPO, TPPQ TDPO andMPTQ wereevaluaed as
cheniluminogenic oxalatesor oxamideto obtan an
intenseandstableCL emisson. As shownin Fig. 1,
TCPO and TDPO gave more intenseCL but with
relatively largeblank signals The CL intensifes for
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Figure 1. Effect of oxalates and oxamide on CL intensity.
The concentration of each compound in the CL reaction
mixture was: CBI-CHA, 4.7 nmol/L; oxalate or oxamide,
1.5mmol/L; hydrogen peroxide, 5.0 mmol/L; TEA,
2.5 umol/L; t-BuOH, 25%

DFPOandTPPOwerelessbuttheseshoweda highe
sigral:blank(S:B)ratio. Theduration of CL emisson
was als investigated.The CL emissionfor TCPO,
PFPO,DNPO, TDPO and MPTQ reacheda maxi-
mum within 80 s after initiation, and then decayed
rapidly. By contast, the emissionwas slower for
DFPOandTPPOandit decayednoderatey (Fig. 2);
thiswasconsideedto befavourablefor photograpic
detection andDFPO,showing moreintenseCL with
the lower blank signal, was sekcted for further
investigatians.

The concentrationof TEA asa catalstaffectedthe
kinetics and intensty of CL emisson. When the
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Figure 2. Kinetics of CL emission for oxalates. The
experimental conditions were same as described in Fig. 1
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Figure 3. Effect of TEA concentration on CL intensity. The
concentration of each compound in the CL reaction
mixture was: CBI-CHA, 4.7 nmol/L; DFPO, 3.0 mmol/L;
hydrogen peroxide, 5 mmol/L; t-BuOH, 25%

concatration of TEA was less than 5.0x 10’
mol/L, very weak CL intensiies with the delayed
peakof CL emissionwere obsewed (Fig. 3). As the
TEA concentration increa®d, the time to reach
maximum CL intensty decreaseé slighﬂgl in the
concatrationrange7.5x 10’ to 5 x 10~° mol/L.
The effect of the concentation of hydrogen
peroxde on the CL intensity was examinedin the
rangeof 1-10mmol/L (Fig 4a). The CL intensiies
increagd and the maximum CL emission peaks
appeaedearlierwith anincreag in theconcentration
of hydrogernperoxde. As shownin Fig 4b,the DFPO
concentrationalsoaffectedthe CL intensty; themog
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intenseCL was obseved at 1.5mmol/L. Howeve,
the variation in the concentration of DFPO had
almostno influenceon the kinetics of CL emisson.

We also studed t-BuOH as a diluent for the
hydrogen peroxde and TEA. The presenceof t-
BuOH at more than 50% in the reaction mixture
drasticaly reduedthe CL intensty; 25%waschose
for further expeiments.

Photographic detection of CBI-15-mer on the
membrane

For the phaographicdetection of CBI-15-me;, the
final concertration of eachreagenin the solutionfor
the CL reaction was selectedas follows: DFPQ
1.5mmol/L; hydrogen peroxide 5mmolL; TEA,
2.5x 10°° mol/L; t-BuOH, 25%.

Before performng a photograjic detection,
several kinds of the membrnes were evaluated,
using CBI-CHA as a standardsanple. None of the
nitrocellulose or nitrocellulosebased membanes
could not be used,sincethey were solublein DMP
solution. Nylon membaneswere found to exhibit a
resistane to DMP solutionandthuswereemployel.
Among the membanes tested (Tropilon-Plus,
Hybond-N+ and ZetaProbe), Hybond-N+ gave
relativdy large backgroundsignalsunderthe condi-
tions tested Tropilon-Plus and Zeta-Prde were
selectedor furtherinvestigation (Fig. 5).

Fig. 6 demongtates the resuts of photaraphc
detectons obtainal using various concentations of
CBI-15-mer. Visual discrimination of the CL inten-
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Figure 4. Effects of (a) hydrogen peroxide and (b) DFPO concentrations on CL intensity. The concentration of each
compound in the CL reaction mixture was same as described in Fig. 1 except for various concentrations of (a) hydrogen

peroxide and (b) DFPO
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Figure 5. Photographic detection of CBI-CHA (100 fmol/
spot) on various membranes
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Figure 6. Photographic detection of CBI-15-mer on the
membrane (Tropilon-Plus)

sities was feasibleover the rangeexamired, and as
little as 250 fmol per spotof CBI-15-me& immobi-
lized on Tropilon-Pluscould be detected.

CONCLUSIONS

In this paper we havedescrited fundametal studies
on photograpic detection of fluorescentdbelled
oligonucleotide by PO-CL. The labdling reaction
using NDA was performed within 10min and the
purification was easily performedby gel filtration
followed by HPLC sepaation. Although the pro-
posedphotograpic methodis of lesssensitvity than
thatwith CL detecion usingan enzyne label (2), it
includes simple procedure and thus might be
appicable to the convenent detection of CBI-

[0 1998JohnWiley & Sons,Ltd.

oligonucleotide in dot-bla, Northen and Southen
blot formats. In addition, the technique might be
extended to include other fluorescentlabels e.g.
fluorescein-labked oligonudetidesand proteins, in
membane-base assays.
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