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ABSTRACT
We have prepared several novel phosphoramidites and
have synthesised oligonucleotides incorporating them
internally. The presence of these residues in an
oligonucleotide template presents an impassible barrer
to primed synthesis by Taq DNA polymerase. When
extended as polymerase chain reaction products, these
oligonucleotides no longer serve as templates for the
polymerase beyond the insertion sites of the modified
intermediates, thereby producing single-stranded tails
on amplification products. These tails can then be used
for solid phase capture and colourimetric detection of
PCR products.

INTRODUCTION
The polymerase chain reaction (PCR) (1,2) has revolutionised
genetic analysis by increasing speed, simplicity and sensitivity
relative to filter bound hybridisation assays. As reported by
several groups, the first step in many non-gel assays for PCR
products is the solid phase capture of denatured amplified DNA
(3 - 8). Colourimetric detection of amplified DNA has also been
described (see refs 7-10 for examples). Denaturation of PCR
products has usually been required hitherto for affinity
hybridisation and detection. One consequence of this denaturation
is competition for the capture or detection hybridisation sequence
by the opposing strand of amplified product, so reducing
sensitivity. A further consequence is a limitation of the number
of amplification products that can be analysed simultaneously.
This is imposed by the number of heat stable hapten complexes
that are available for the immobilisation of PCR products to solid
supports.
One method of overcoming these problems is the provision

of single-stranded PCR products, either by asymmetric PCR (11)

or by selective chemical or enzymatic degradation of one of the
strands of a segment of conventionally amplified DNA (12).
However, asymmetric PCR itself suffers from several limitations
and selective degradation involves the user in post-PCR
manipulations which would be less amenable to a high throughput
screening regimen.
A more attractive alternative would be the production in situ

of amplified DNA with single stranded termini. A complementary
sequence covalently bound to a solid phase (eg the well of a
microtitre plate), could then be used to capture the PCR product,
thus providing an extra level of detection specificity. The
efficiency achieved by using standard PCR protocols would also
be maintained. In addition, where multiple loci are to be examined
by PCR each could now be captured independently by virtue of
a single-stranded tail unique to each amplification target. A single
stranded tail at the other end of each amplification product may
then be detected by a common signalling primer.
We report here the use of novel oligonucleotide synthesis

reagents in the generation of primers with non-amplifiable tails.
We demonstrate how the non-amplifiable, single-stranded tails
may be used in a sandwich hybridisation format and discuss their
utility in the diagnosis of infectious or inherited diseases.

MATERIALS AND METHODS
Protected thymidine methylphosphonamidite was purchased from
Applied Biosystems Inc. Deprotection of oligonucleotides
incorporating this reagent was performed according to the
suppliers recommendations.

All solvents were analytical grade. Anhydrous pyridine was
prepared by distillation from potassium hydroxide and acetonitrile
was purified by distillation from calcium hydride under nitrogen.
Tetrahydrofuran was distilled from sodium/benzophenone under
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nitrogen and anhydrous dichloromethane was prepared with 4A
molecular sieve.

N,N-diisopropylethylamine, 2-cyanoethoxy-N,N-diisopropyl-
chlorophosphine and chloro-N,N-iisopropylmethoxyphosphine
were distilled immediately prior to use.
1H-NMR were recorded on a Brucker 200AM (200MHz) or

a Brucker 250AC (250mHz) spectrometer. CI (ammonia source)
mass spectra were recorded on a VG 70-250 spectrometer.

Tlc was on silica-gel 60F254 (Merck) and products were
visualised using UV absorption and spraying with a solution of
ammonium molybdate (5%) in aqueous sulphuric acid (20%),
followed by heating.

Preparation of 1-[fl-D-ribofuanosyl-3'-5'-(1,1,3,3-tetraiso-
propyldisiloxyl)] naphtalene tll
l-(3-D-Ribofuranosyl)naphthalene (1.Og, 3.8mmole) prepared as
described (13) was stirred in dry pyridine (15ml) for 2 hours
at room temperature with 1,3dichloro-1, 1,3,3-tetraisopropyldi-
siloxane (1.6g, Smmole). Dichloromethane (450ml) was added
and the solution washed sequentially with equal volumes of a
saturated solution of sodium hydrogen carbonate and saturated
brine. The crude product, (2.6g) was obtained after drying the
organic solution over magnesium sulphate and removal of the
solvent under reduced pressure. The product, 1-[,B-D-
ribofuranosyl-3'-5'-(1, 1,3,3-tetraisopropyldisiloxyl)] naphtalene
(0.8g, 1.6 mmole, 42%) was isolated as a colourless oil by flash
chromatography on silica gel (Merck Art 9385) eluted with
dichloromethane.
Found: (M+NH4) 520, (M+H) 503. C27H4205Si2 requires:

M, 502. d(CDC13, 200 MHz); 8.12, 7.82, 7.52, (7H,m,ArH),
5.68 (lH,s,H-l'), 4.38 (lH,dd,H-3'), 4.28 (1H,d,H-5'), 4.18
(lH,d,H-2'), 4.13 (2H,m,H-4' and H-5'), 1.0 (28H,m,
4 x CH(CH3)2).

Preparation of 1-[,3-D-ribofuranosyl-2 '-phenylthio-
formate-3',5'-(1,1,3,32aisopropyldisiloy)]naphtaene[2)
1 -[03-D-Ribofuranosyl-3 ' ,5 '-(1,1,3 ,3-tetraisopropyldisi-
loxyl)]naphthalene (0.4g, 0.8mmole) in dry acetonitrile (25ml)
was stirred for 24 hours at ambient temperature with 4-dimethyl-
aminopyridine (0.6g, 4.8mmole) and phenylthiochloroformate
(0.7g, 4.0mmole). Ethyl acetate (200ml) was added and the
solution sequentially washed with equal volumes of a saturated
solution of sodium hydrogen carbonate and with water. The crude
product was obtained after drying the solution over magnesium
sulphate and removing the solvent under reduced pressure. The
product 1-[13-D-ribofuranosyl-2'-phenylthioformate-3' ,5 '-
(1,1,3,3-tetraisopropyldisiloxyl)]naphthalene (0.45g, 88%) was
isolated as a white solid by flash chromatography on silica gel
(Merck Art 9385) with eluant of ethyl acetate: petrol (b.p.40/60)
(1:12.5).
Found: (M +NH4) +656, (M + H) +639. C34H4606SSi2

requires: M, 638.d(CDC13, 200 MHz); 7.86, 7.45, 7.27,
(12H,m,ArH), 6.40 (lH,d,H-1'), 5.88 (lH,s,H-2'), 4.58
(lH,m,H-4'), 4.37 (lH,d,H-3'), 4.16 (2H,m,2xH-5'), 1.11
(28H,m,4 xCH(CH3)2).

Preparation of 1-[2'-deoxy-j3-D-ribofuranosyl-3',5'-
(1,1,3,3-tetraisopropyldisiloxyl)]naphthalene f3j
1-[I.-D-Ribofuranosyl-2'-phenylthioformate-3',5'-(1,1,3,3-tetra-
isopropyldisiloxyl)]naphthalene (0.4g, 0.6mmole) and
2,2'-azobis(2-methylpropionitrile), (0.1g, 0.6mmole) and n-

(20ml) for 30 minutes. The title compound (0. 12g, 51 %) was
isolated by removal of the solvent under reduced pressure and
purification on silica gel (Merck Art 9385) with eluant of petrol
(b.p.40/60): dichloromethane (1:1.5).
Found: (M+NH4) 504, (M+H) 487. C27H4204Si2 requires:

M, 486. d(CDC 13, 200 MHz); 7.89, 7.75, 7.48, (7H,m,ArH),
5.79 (lH,t,H-l'), 4.53 (lH,ddd,H-4'), 4.20 (lH,ddd,H-3'), 4.03
(2H,ddd,2 xH-5'), 2.60 (lH,ddd,H-2'), 2.28 (1H,ddd,H-2'),
1.40 (28H,m,4XCH(CH3)2).

Preparation of 1-(2'-deoxy-3-D-ribofuranosyl)naphtbalene [4)
1-[2'-Deoxy-3-D-ribofuranosyl-3 ' ,5 '-(1,1,3,3
tetraisopropyldisiloxyl)] naphthalene (0.12g, 0.24mmole) in a
mixture of pyridine (10%); water (10%) and tetrahydrofuran
(80%), (2ml) was added to a solution of n-tetrabutylammonium
fluoride (0.73mmole) in THF and allowed to stand at ambient
temperature for 16 hours. The product, l-(2'-Deoxy-3-D-
ribofuranosyl) naphthalene (19mg, 35%) was isolated as a white
solid after removal of the solvent in vacuo and purification by
chromatography on silica gel (Merck Art 9385) with eluant of
methanol:dichloromethane (1:9).
Found: (M+NH4), 262. C15H1603 requires: M, 244.

d(CD30D, 200MHz); 8.05 (lH,m,ArH), 7.80 (3H,m,ArH)
7.48 (3H,m,ArH), 5.87 (lH,dd,H-l'), 4.35 (lH,ddd,H-3'),
4.05 (lH,ddd,H-4'), 3.75 (2H,dd,2H-5'), 2.48 (lH,ddd,H-2'),
1.99 (lH,ddd,H-2')

Preparation of 1-(2'-deoxy-(3-D-ribofuranosyl-5'-O-dimeth-
oxytrityl)naphthalene [5)
1-(2'-Deoxy-,-D-ribofuranosyl)naphthalene (0.88g, 4 mmole)
was dried by co-evaporation with anhydrous pyridine (2 x lOml)
and then stirred at ambient temperature for 2h with
dimethoxytrityl chloride (1.3g, 4.3mmole) in anhydrous pyridine
(lOml). Methanol (5ml) was added and the residual oil remaliing
after the solvent was removed in vacuo taken up in chloroform
(50ml). The crude product was obtained by successively washing
the organic solution with equal volumes of a saturated solution
of sodium hydrogen carbonate (2 X) and with water (2 X) and
then removal of the solvent under reduced pressure after drying
over magnesium sulphate (MgSO4). The title compound (0.6g;
30.5%) was isolated as a pale brown solid by chromatography
on silica gel (Merck Art 9385) with eluant of pyridine: methanol:
dichloromethane (1:3:196), followed by co-evaporation with
toluene.
d(CDCl3, 200MHz); 8.03 to 6.82, (20H,m, ArH), 5.88 (1H,

m, H-i'), 4.47 (1H, m, H-3'), 4.12 (1H, m, H-4'), 3.78 (7H,
m, 2xOCH3 and H-5'), 3.43 (1H, m, H-5'), 2.50 (1H, m,
H-2'), 2.12 (1H, m, H-2').

Preparation of 1-[2'-Deoxy-o-D-ribofuranosyl-5'-O-dimeth-
oxytrityl-3'-(cyanoethoxy-N,N-diisopropylamino phos-
phine)]naphthalene [6j
1-(2'-Deoxy-,B-D-ribofuranosyl-5 '-dimethoxytrityl)naphthalene
(1.5g, 2.75mmole) was dissolved in anhydrous dichloromethane
(20ml) containing N,N'diisopropylethylamine (1.9ml, 1 immole).
The solution was stirred at room temperature under a slow stream
of dry argon, while 2-cyanoethoxy-N,N-diisopropylchloro-
phosphine (0.8ml, 3.3mmol) was added dropwise. Stirring was
maintained at room temperature for 30 minutes and the reaction
was quenched by the addition of anhydrous methanol (2ml). The
solution was diluted with ethyl acetate (200ml) and was washed

tributyltin hydride (2.8g, 2.7mmole) were refluxed in toluene with brine (2 x 100ml) and water (100ml), dried (MgSO4,
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filtered and evaporated to an oil which was redisolved in the
minimum volume of dichloromethane:ethyl acetate: triethylamine
(42:55:3) and applied to a silica column. Elution with the same
solvent gave the title compound as a colourless viscous oil (1. lg,
54%).
d(CDCl3, 200MHz); 7.83 (3H,m,ArH), 7.33 (13H,m,ArH),

6.82 (4H,m,ArH), 5.88 (1H,dd,H-l'), 4.65 and 4.48
(lH,m,H-3'), 4.3 and 4.15 (1H,m,H-4'), 3.8 (8H,m,2xOCH3
and H-5'), 3.6 (2H,m,CH20P),2.6 (2H,m,CH2CN), 2.57
(1H,m,H-2'), 2.18 (1H,m,H-2'), 1.31 and 1.17
(14H,m,2 x (CH3)2CH).

Preparation of 1-(2',3'-anhydro-,B-D-ribofuranosyl)naph-
thalene {7)
A solution of 1-(O-D-ribofuranosyl)naphthalene (5.Og,
19.2mmole) in acetonitrile (50ml) was treated with acetonitrile:
water (99:1) (5ml) and 2-acetoxyisobutyryl chloride (13.0g,
80mmole) and heated at 80°C for 1 hour. The reaction mixture
was concentrated under reduced pressure and EtOAc (200ml)
added. The solution was sequentially washed with saturated
aqueous NaHCO3 (3 x200ml), and H20 (3 x200ml) and
concentrated under reduced pressure after drying over MgSO4.
The resulting brown oil was taken up in MeOH (30ml) and treated
with sodium methoxide (2M, 30ml) at ambient temperature for
16 hours. The crude product was obtained by stirring with
Amberlite IRC 50 (Sg, 50meq) for 16 hours and by removing
the solvent in vacuo. The product 1-(2',3'-anhydro-f-D-
ribofuranosyl)naphthalene (2.5g, 54%), m.p. 88-90°C, was
isolated as a white solid by chromatography on silica gel (Merck
Art No 9385) with eluant of Et3N:MeOH:CH2Cl2 (1:10:189).
Found: (M+H) 243, (M+NH4) 260. C15H1403 requires: M,

242. d(CD3)2S0, 200MHz); 8.12, 7.93 and 7.58 (7H,m,ArH),
5.77 (lH,s,H-I'), 4.94 (lH,t,OH), 4.16 (1H,dd,H-4'), 4.13
(lH,d,H-2' or H-3'), 3.99 (lH,d,H-3' or H-2'), 3.5
(2H,m,2H-5').

Preparation of 1-(3'-deoxy-3-D-ribofuranosyl)naphthalene {8}
1 -(2' ,3 '-Anhydro-3-D-ribofuranosyl)naphthalene (2.5g,
10.3mmole) in dry THF (50ml) was added gradually to a stirred
suspension of LiAlH4 (1.52g, 40mmole) in THF (SOml)
maintained in an atmosphere of N2 for 16 hours at ambient
temperature. Excess LiAlH4 was destroyed by the gradual
addition of THF/H20 (95:5, 50ml) and the Li/Al complex
decomposed with dilute HCI (1M, 50ml). The crude product was
obtained by the addition of butan-l-ol (300ml) and by successively
washing the organic solution with NaHCO3 (aq) (2 x 150ml) and
water (2 x 150ml) followed by evaporation under reduced
pressure. The product, 1-(3'-deoxy-,B-D-ribofuranosyl)naphth-
alene (0.44g, 17%), m.p. 145-147°C, was isolated as a white
crystalline solid after chromatography on silica gel (Merck, Art
No.9385) with eluant of MeOH:CH2Cl2 (1:9) and evaporation
of the solvent in vacuo followed by recrystallisation from
MeOH:H20 (1:1).
Found: (M+H) 245, (M+NH4) 262. C15H1603 requires: M,

244. d(CD30D,200MHz); 8.18 (lH,m,ArH), 7.82
(3H,m,ArH), 7.5 (3H,m,ArH), 5.54 (1H,d,H-1l'),4.48
(lH,m,H-4'), 4.52 (1H,m,H-2'), 3.88 (2H,dd,2H-5') 1.93
(2H,m,2H-3').

Preparation of 1-(3'-deoxy-5'-O-dimethoxytrityl-fl-D-ribo-
furanosyl)naphthalene {9}

in dry pyridine (10ml) was treated with dimethoxytrityl chloride
(0.97g, 2.9mmole) for 2 hours at ambient temperature. Excess
dimethoxytrityl chloride was destroyed by the addition ofMeOH
(lOmI) and CH2CI2 (50ml) was added. The crude product was
obtained by successively washing the organic solution with
NaHCO3 aq (2 xSOml) and with water (2 xS0ml) and by
evaporation of the solvent in vacuo after drying over MgSO4.
The title compound (0.7g, 71%) was isolated as a pale brown
foam after flash chromatography on silica gel (Merck, Art 9385)
with eluant of MeOH:CH2Cl2 (1:99) and by removal of the
solvent in vacuo followed by co-evaporation with toluene.
d(CD30D, 200MHz); 8.18 (1H,m,naphthalene protons), 7.83

(3H,m,naphthalene protons), 7.5 (3H,m,naphthalene protons),
7.24 and 6.86 (13H,m,ArH), 5.6 (lH,br.s.H-I'), 4.62
(lH,m,H-4'), 4.37 (lH,m,H-2') 3.78(6H,d,2xOCH3), 3.43
(2H,dd,2H-5'), 2.07 (1H,ddd,H-3'), 1.86 (1H,ddd,H-3').

Preparation of 1-[3'-deoxy-5'-O-dimethoxytrityl-2'-(methoxy-
N,N-diisopropylaminophosphine)-,B-D-ribofuranosyl]naph-
thalene {10]
1-[3'-Deoxy-5'-O-dimethoxytrityl-(3-D-ribofuranosyl]naphthalene
(0.78, 1.3mmole) and N,N-diisopropylethylamine (0.67g,
5.2mmole) in anhydrous CH2CI2 (30ml) at -40°C was stirred
with chloro-N-diisopropylmethoxyphosphine (0.26g, 1.3mmole).
The reaction mixture was maintained under an atmosphere of
dry N2 and attained ambient temperature after 1 hour. The title
compound, along with trace amounts (<5%) of an unknown
compound, (0.8g, 87%) was isolated as a yellow solid (mixture
of diasteroisomers) by removing the solvent in vacuo followed
by flash chromatography on silica gel (Merck Art No. 9385) with
eluant of Et3N:EtOAc (1:66) and by evaporation of the solvent.
d(CDCl3, 200 MHz); 8.3 and 8.17 (1H,m,naphthalene

protons), 7.80 (3H,m,naphthalene protons), 7.53
(3H,m,naphthalene protons), 7.28 (9H,m,ArH), 6.83
(4H,m,ArH), 5.8 and 5.75 (1H,s,H-l'), 4.65 (1H,m,H-4'),
4.5(1H,m,H-2'), 3.78 (6H,s,2xOCH3), 3.65 (2H,m,2H-5'),
3.45 and 3.36 (3H,d,POCH3), 2.09 and 2.02 (2H,m,2H-3'),
1.21 (14H,m,2CH(CH3)2).

Preparation of 16-O-dimethoxytritylhexadecan-l-ol [11}
1,16-Hexadecanediol (1.Og, 3.8mmole) was treated with
dimethoxytrityl chloride (1.28g, 3.8mmole) in pyridine (30ml)
at ambient temperature for 16 hours. The solvent was removed
in vacuo and the product, 16-0-dimethoxytritylhexadecan-1-ol,
(0.35g, 16%) was isolated as a brown oil by flash
chromatography on silica gel (Merck Art 9385) with eluant of
MeOH:CH2Cl2 (1:99).
Found: (M+H) 561. C37H5204 requires: M, 560. d(CD30D,

250MHz); 7.40, 7.76 and 6.81 (13H,m,ArH), 3.75
(6H,s,2 xOCH3), 3.52 (2H,t,C(16)H2), 3.02 (2H,t,C(1)H2),
1.33 (28H,m,14xCH2).

Preparation of N,N-diisopropylamino(16-0-dimethoxytrityl-
hexadecan-1-O)methoxyphosphine 1121
16-0-dimethoxytritylhexadecan-1-ol in CH2Cl2 (lSml) was
stirred with chloro(methoxy)-N,N-diisopropylaminophosphine
(0.36g, 1.79mmole) in the presence of N,N-diisopropylethy-
lamine (0.92g, 7.2mmole) at ambient temperature for 2 hours.
The title compound (0.62g, 48%) was isolated as a yellow oil
by removing the solvent in vacuo and by chromatography on silica
gel (Merck Art 9385) with eluant of Et3N:hexane (1:9).
Found: (M+H) 722. C44H68NO5P requires: M, 721.1-(3'-Deoxy-o-D-ribofuranosyl)naphthalene (0.44g, 1.8mmole)
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1, [(I-Pr)2SICI]20/Pyr; 11, PhOCSCI/DMAP; III, nBu3SnH/AIBN; Iv, n-Bu4NF; v, DMTrCI/Pyr;
vi, (I-Pr)2NP(OCH2CH2CN)Ci/(i.Pr)2NEt; vii,(CH3)2C(OCOCH3)COCI/NaOCH3; viil, LIAIH4/THF;
Ix, (I-Pr)2NP(OCH3)CI/(IPr)2NEt.

Figure 1. Synthetic route for the preparation of compounds 6 and 10. Abbreviations used; Pyr, pyridine; DMAP, 4-dimethylaminopyridine; AIBN,
2,2'-azobis(2-methylpropionitrile); DMTrCl, 4,4'-dimethoxytrityl chloride; THF, tetrahydrofuran.

d(CDC13,200MHz); 7.3 and 6.8 (13H,m,Ar), 3.80
(6H,s,2xOCH3), 3.59 (2H,m CH20P), 3.4 eH,d,POCH3), 3.03
(2H,t,CH2ODMTr), 1.25 (42H,m, 14CH2, 2CH(CH3)2).
The scheme for the synthesis of compounds 6 and 10 is shown

in Figure 1. The structure of compound 12 is shown in Figure 2.

Oligonucleotide design, synthesis and aLkaline phosphatase
conjugation
The primary strucures of the non-amplifiable tails were generated
using a computer programme to generate random nucleotide
sequences (D.E.Jenner, unpublished). Particularly G-rich
sequences or sequences with more than three consecutive G
residues were not used. All oligonucleotides were synthesised
using an Applied Biosystems 380A or 380B DNA synthesiser
and are presented in Table 1. Oligomers 1 to 6 were those used
as templates in the Taq DNA polymerase inhibition assay using
oligonucleotide 7 as the primer. Oligomers 8, 9 and 10 were used
as ARMS (14) primers. Oligomers 11 to 13 were immobilised
to microtitre dish wells to test the specificity of capturing the
test oligomers 14 to 16 (Table 1). Oligomers 11 and 12 were
also used as the immobilised capture primers for the ARMS
products of oligomers 9 and 10 with the common ARMS primer
11 which generates a single stranded tail complementary to the

signal oligonucleotide 17. The 5'(dT)Io residues of the capture
and signal oligomers were included as spacer elements between
the hybridisation regions and their respective conjugants.

DMTr-O o"'A CN

Figure 2. Structure of C16 phosphoramidite (compound 12).

Oligonucleotides 1-4, 6 and 7 were purified by acrylamide
gel electrophoresis, u.v. shadowing, butan-1-ol concentration,
phenol/chloroform extraction and ethanol precipitation.
Oligonucleotide 5 was purified by HPLC using an anion exchange
column (Mono Q, Phannacia) equilibrated with Buffer A (10mM
NaOH, 0.5M NaCl). The oligonucleotide was eluted with a

gradient of Buffer B (10mM NaOH, 0.9M NaCl) 0-100% in
60 minutes. Fractions corresponding to the product peak were
pooled and desalted using a PDIO column (Pharmacia) then
concentrated by drying under vacuum. Particularly rigorous
purification of oligonucleotides 1-6 was essential to avoid the

presence of coupling failure sequences giving misleading results
in the Taq DNA polymerase inhibition assay. Oligonucleotides
8-10 were purified by reverse phase HPLC.
The purity of the oligonucleotides was checked by 5'_32p

labelling using 5'-g32P ATP (Amersham) and T4 polynucleotide

Iv
v vi

[71

OH

[81 [10]
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Table 1. Oligonucleotides used in this study.

Oligome Nuceotide sequence)
1 CGTGCATAAGGCTGTGCTCACCATCGACGAGAAAGGGACTGAAGCTGCTCGGGCCATG
2 AATTCCGTGCATAAGGCTGTGCTGNNNNTCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATG
3 AATTCCGTGCATAAGGCTGTCCTGNNTCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATG
4 AATTCCGTGCATAAGGCTGTGCTGNNNNTCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATG
5 AATTCCGTGCATAAGGCTGTGCTG (C 6) TCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATG

6 AATTCCGTGCATAAGGCTGTGCTG (T (Me) ) 4TCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATG
CATGGCCCCAGCAGCTTCAGTCCCTTTCTC

8 GTGTCGTCCCGCAGTCAATGNNGGGTAGTGTGAAGGGTTCATATGCATAATC
9 TATAGGCAAGTAAGTTGATANNGCCTGGCACCATTAAAGAAAATATCATCTT

- 0 - ACGATTGTTAACCAAGATCTNNGCCTGGCACCATTAAAGAAAATATCATTGG
11 TTTTTTTTTTTATCAACTTACTTGCCTATA

12 TTTTTTTTTTAGATCTTGGTTAACAATCGT
13 TTTTTTTTTTCGGTCCTCATAATACATACT
14 TTTTTTTTTTTATAGGCAAGTAAGTTGATA

15 TTTTTTTTTTACGATTGTTAACCAAGATCT

16 TTTTTTTTTTAGTATGTATTATGAGGACCG
17 TTTTTTTTTTCATTGACTGCGGGACGACAC

Nucleotide sequence of oligonucleotides used in this study. Oligomer 1 is the
control template for the Taq DNA polymerase inhibition assay. Oligomer 2, N
represents a 2'-deoxyribofiianosyl naphthalene moiety, 3',5' phosphodiester linked
(prepared using compound 6). Oligomers 3 and 4, N represents a
3'-deoxyribofuranosyl naphthalene moiety, 2',5' phosphodiester linked (prepared
using compound 10). Oligomer 5, where C16 represents addition of the C16 PA
(compound 12). Oligomer 6, in which T(Me) represents a methyl phosphonate
substituted thymidine residue. Oligomer 7 is complementary to the tfirty 3'-residues
of oligonucleotides 1-6. Oligomers 8-10, (where N represents a
3'-deoxyribofuranosyl naphthalene moiety, 2',5' phosphodiester linked), are the
primers that generate amplification refractory mutation system (ARMS, 14)
products with single-stranded tails for the cystic fibrosis APhe5O8 mutation (15).
Oligomer 8 generates a single-stranded tail complementary to the signal generating
oligonucleotide 17. Oligomer 9 generates a single-stranded tail complementary
to the capture oligonucleotide 11. Oligomer 10 generates a single-stranded tail
complementary to the capture oligonucleotide 12.

kinase followed by polyacrylamide gel electrophoresis under
denaturing (7M urea) conditions.

Oligonucleotides 14-17 were synthesised as 5' aminoalkyl
derivatives using aminoalkyl phosphoramidite (Amino-link 2,
Applied Biosystems) in the final synthesis cycle on the DNA
synthesiser. These oligonucleotides were conjugated to AP using
the E-LINKTm oligonucleotide labelling kit as directed by the
supplier (Cambridge Research Biochemicals).

Taq DNA polymerase inhibition assay
Oligonucleotide 7 (30 pmol) was 5' radiolabelled using 5' g32p
ATP 75ltCi (15 pmole), (Amersham) and T4 polynucleotide
Kinase (4 units), (Boehringer). The reaction was terminated by
heating at 100°C for 5 minutes, followed by a phenol: chloroform
(1:1) extraction and ethanol precipitation.

Reactions were performed in 100yd containing 1.2mM
MgCl2, 5OmM KCI, 10mM Tris HCI (pH 8.3) and 0.01%
gelatin, 1 pmole of radiolabelled oligonucleotide 7, 3 pmoles of
the appropriate long oligonucleotide 1-6 and two units of Taq
DNA polymerase (Cetus-Amplitaq). The dNTPs, where
included, were added to a final concentration of 100%M each.
The reactions were incubated at 91 °C for 2 minutes then 60°C
for 58 minutes. 5u1l aliquots were removed from each reaction,
mixed with 5yd formamide dye (80% formamide, 10mM NaOH
1mM EDTA and 0.1 % Bromophenol Blue) and denatured by
heating at 100°C for 5 minutes. The aliquots were
electrophoresed on a 15% denaturing polyacrylamide gel, 8M
urea in TBE buffer (0.089M Tris borate, 0.089 boric acid,
0.002M EDTA) and autoradiographed. The general scheme of

5 CATGGCCCCAGCAGCTTCAGTCCCTTTCTC............................... 3
3 GTACCGGGGTCGTCGAAGTCAGGGAAAGAGCAGCT (X) nGTCGTGTCGGAATACGTGCCTTAA5

Figure 3. Design of extension blocking experiment. The top oligonucleotide is
the primer with a dotted line indicating the expected extension under normal
conditions. The bottom oligonucleotide shows the general design of the template
where X indicates the site of the analogue incorporation. In the positive control
template X is replaced by the dinucleotide AG.

Thiolation of capture oligonucleotides, oligonucleotides 11,
12 & 13
The capture oligonucleotides (200AI, 0.2,uMol synthesis) were
mixed separately with 4mg/ml iminothiolane in 0.2M
Na2CO3/NaHCO3 pH 9.6 (3001l) and incubated at ambient
temperature for 1 hour. The reactions were diluted to Iml with
phosphate buffered saline (PBS) and desalted on a Nap-25 column
(Pharmacia). The columns were washed with PBS (2.2ml). The
first 1.6ml eluted was retained and the oligonucleotide
concentrations were measured by u.v. spectrometry.

L=nobilisation of thiolated oligonucleotides to microtitre
dishes
Oligonucleotide immobilisation to microtitre wells was performed
using a modification of the method described by Running and
Urdea (16). Poly (Phe-Lys) (Sigma) was dissolved to 100lOg/ml
in 50mM Na2CO3/NaHCO3, pH 9.6 and 10011 of this solution
was added to each well of five clear polystyrene microtitre dishes
(Nunc). The dishes were incubated overnight at 4°C then washed
3 times with PBS/0.05 % Tween. Succinimidyl 4-(N-
maleimidomethyl)cyclohexane-1-carboxylate (SMCC) was
dissolved at 8.7mg/ml in dry dimethylfonnamide and this solution
was diluted 10 times with conjugation buffer (1OOmM
triethanolamine HCI, 1mM MgCl2, 1mM ZnSO4, pH 7.4).
100 of this solution was added to each microtitre well and the
plates were incubated at ambient temperature for 1 hour. The
wells were washed 5 times with water.

Thiolated oligonucleotides, 10/%M in PBS, were added to
appropriate microtitre wells (100yd per well). These were
incubated overnight at 4°C. The wells were washed twice with
PBS/0.05 % Tween, twice with 5 % lactose, 0.5% gelatin, 0. 1%
NaN3, 6mM PBS, pH 7.5. Finally the coated dishes were dried
overnight in a laminar flow cabinet. The dishes were stored at
4°C in vacuo.

RESULTS
Novel phosphoramidites can block extension by Taq DNA
polymerase
A number of novel phosphoramidites were synthesised allowing
non-standard nucleoside moieties to be incorporated into
oligonucleotides by automated synthesis. 1-(2'-Deoxy-O-D-
ribofuranosyl)naphthalene t4) was prepared by the general
procedure described by Robins and Wilson (17). Condensation
of naphthalene with a fully protected ribose by the literature
method (13) allowed us to obtain 1-(,8-D-ribofurano-
syl)naphthalene in a reasonable yield. (For the sake of simplicity,
we refer to this analogue as 'naphthosine'.) Naphthosine was
converted to 2'-deoxynaphthosine 14} by reduction of the
2'-phenylthioformate derivative t21, prepared after selective
protection of the 3'- and 5'-hydroxyls. After desilylation, the
5'-hydroxyl was protected by formation of the dimethoxytrityl
ether and the 3'-hydroxyl was phosphitylated by standard methods

the assay is shown in Figure 3. to give [6],(18, 19). A shorter route to this compound, involving
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Figure 4. Autoradiograph of polyaciylamide gel after electrophoresis of the Taq
DNA polymerase inhibition assay reactions. Lane 1; 5'32p primer (oligomer 7):
lane 2; 5'32p primer under assay conditions without template: lane 3; 5'32p
primer under assay conditions with control oligomer 1 template; lanes 4 to 8;
5'32p primer under assay conditions with substituted oligomers 2 to 6 as

templates. IfDNA polymerisation is not prevented by the polymerisation blocking
moiety the full length oligonucleotide will be copied to give a 63 mer product
as expected in control reaction Oane 3). However, if the blocking moiety stops
any further Taq DNA polymerase incorporation then a 35 mer product is expected
(lanes 4 to 8), representing chain extension up to the substitution.

the condensation of naphthalene with 1,3,5-tri-O-
acetyl-2-deoxyribose has recently been developed (D. Picken and
M. Gray, Personal communication). The 3'-deoxy analogue t81
was obtained by conversion of naphthosine to the 2', 3' anhydro
compound {71 by treatment with 2-acetoxyisobutyryl chloride
followed by reaction with sodium methoxide (20). The furanose
sugar epoxide proved to be resistant to reductive ring opening
with LiET3BH (21), but the highly regioselective conversion to
{8} was achieved with LiAlH4 at 60°C for 1 hr. The
5'-protected phosphoramidite [101 was obtained by standard
procedures (18, 19). The synthetic routes to these two
phosphoramidites are shown schematically in Figure 1.
The C16 spacer arm phosphoramidite (Figure 2) was prepared

by sequential dimethoxytritylation and phosphitylation of
1, 16-hexadecanediol. (While this manuscript was in preparation
an alternative use for this reagent has been reported by Brown
and co-workers (22) who suggest that the presence of the
hexadecane moiety at the 3'-end of oligonucleotides may increase
the lipophilicity of antisense probes.)
Each analogue was redissolved to a concentration of 0.1M in

anhydrous acetonitrile and attached to one of the spare ports on
the DNA synthesiser. By extending the wait time during coupling
to five minutes, coupling yields of 95% or greater were achieved.
In addition to oligonucleotides containing these non-base-pairing
analogues, we also prepared oligonucleotide templates with
potential blockade caused by runs of ionically neutral methyl
phosphonates in place of phosphate groups.
The rationale behind the design of the novel phosphoramidites

was that by providing no hydrogen bond potential they would
not form Watson-Crick base pairs with normal nucleotides, and
therefore chain extension by DNA polymerase should be blocked
when these residues were incorporated within a single-stranded
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Figure 5. Diagram outlining the scheme of the microtitre dish assay: microtitre
well with sequence 'oligo B' immobilised via the oligo dT tail. PCR products
from 'oligo C' and 'oligo D' with respective 'oligo A' and oligo F' tails; 'oligo
A' is complementary to 'oligo B' and is captred The PCR products from 'oligo
X' and 'oligo Y' with respective 'oligo Z' and oligo F' tails; 'oligo Z' is not
complementary to 'oligo B' and is not captured. A common detection primer,
'oligo E' conjugated to a signal generation system (filled circle) via an oligo dT
tail can be used to detect any immobilised PCR product. In an adjacent microtitre
well an immobilised oligonucleotide complementary to 'oligo Z' would capture
a PCR product incorporating the 'oligo Z' tail and not one incorporating the 'oligo
A' tail.

Table 2. Specificity of capture and detection oligomers bound to microtitre plates.

ISignal oligomer I Plate oligomer i

I I 11 12 13 I
14 1.2 0.04 0.08
15 0.03 0.16 0.03
16 0.04 0.03 0.79

Values are absorbance units at 405 nm. Oligonucleotides 11, 12 and 13 are
complementary to oligonucleotides 14, 15 and 16 respectively. (n=2).

Table 3. Results of binding PCR products to microtitre plates using single-standed
tails.

Sample (n=8) | Negative control (n8) |
0.71 0.26

Values are absorbance units at 405 nm.

DNA template. In order to test this hypothesis we prepared a
number of oligonucleotides using these compounds. We attempted
to extend a 32P-labelled complementary oligonucleotide primer
using Taq DNA polymerase with these longer, analogue-
substituted oligonucleotides as templates.
The templates were designed with a gap of five bases between

the primer complementarity region and the putative blocldng sites.
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This allowed us to ascertain that chain extension had indeed
started and that polymerase activity was not generally inhibited.
The results of these experiments are shown in Figure 4. When
a normal (non-substituted) control oligonucleotide template was
used, the primer was extended the full length (Lane 3). However
when the template contained 2 or more of our nucleotide
analogues (lanes 4-7), extension was terminated after 4 or 5
bases had been incorporated, indicating that extension was
inhibited at the point of insertion of the first of the nucleotide
analogues.

Production of single-stranded tails in PCR
Having demonstrated that the non- nucleotidic analogues could
block extension by Taq DNA polymerase, we wished to
demonstrate that single-stranded tails on PCR products could be
generated. To accomplish this we designed an assay in which
a single-stranded tail on a PCR product could be captured by
an oligonucleotide covalently bound to a microtitre plate. The
PCR product was detected by hybridising another oligonucleotide
(the detection oligonucleotide), to the tail at the other end of the
PCR product (see Fig 5 and Table 3). The detection
oligonucleotide was covalently linked to alkaline phosphatase.
The oligonucleotide coated microtitre plates were tested for
specificity using complementary oligonucleotides which were also
covalently linked to alkaline phosphatase for eventual signal
generation. Hybridisation was detected using p-nitrophenyl
phosphate (PNPP) a colourimetric substrate for alkaline
phosphatase (23). The results, (Table 2) show that there is high
degree of specificity of capture for three different pairs of binding
and capture oligonucleotides. Microtitre plates functionalised as
described and tested in this way were stable over one year when
stored at 4°C.
PCR primers to amplify exon X of the human CFTR (cystic

fibrosis transmembrane regulator) gene (13) containing 2
naphthosine residues and a 20 base tail were synthesised
(oligonucleotides 8-10, see table 1). These primers were used
in PCRs of human genomic DNA and produced bands of the
expected size (data not shown).
The microtitre plate system was used to detect the CFTR PCR

products generated. A control PCR reaction was performed
whereby the tail at the capture end of the PCR product was
designed to be non-complementary to the immobilised capture
oligonucleotide. The 20 base tail at the signal end was common
to both PCR reactions. Table 3 shows the discrimination between
these two PCR products in the assay indicating that the expected
single-stranded tails were present on the PCR products.

DISCUSSION
A number of novel phosphoramidites were synthesised in the
expectation that they could be used to synthesise primers that
would allow the production of single-stranded tails on PCR
products. We have shown that templates incorporating these
compounds block chain extension by Taq DNA polymerase. We
have also demonstrated the use of these compounds in a simple
PCR assay that does not require denaturation or partial
degradation of PCR products.
There are a number of advantages of using oligonucleotides

as capture and detection affinity partners compared to other assay
systems.

1) The theoretical availability of an almost infinite number of

analyte screening; for example, the screening for a number of
different mutations or polymorphisms in the same genome using
ARMS (14) and the identification of specific pathogens in
biological specimens. Such utility cannot be attributed to other
systems such as Dynabeads (24) where a single binding pair
(biotin and streptavidin) is employed. Clearly, the advantage of
the non-amplifiable tails allows the isolation of a specific PCR
product from a cocktail of amplified DNA species.

2) It is not necessary to denature PCR products for either
capture or detection. This does not therefore allow hybridisation
of the captured DNA with an internal oligonucleotide. This does
not present a problem however, since internal sequences of any
given PCR product can be analysed simultaneously by ARMS
(14).

3) All reactions can be performed in standard hybridisation
buffers. When using antigen/antibody binding pairs it may be
necessary to sacrifice sensitivity in order to optimise antigen
antibody interactions.

4) The system is potentially more versatile than other systems.
In theory, once assay conditions are optimised for one pair of
oligonucleotides these conditions should apply for all oligomers
of similar length and base composition.

It should be noted that we have used single-stranded tails as
both detection and capture moieties. This gives two levels of
specificity. It may be more convenient to use a single-stranded
tail at only one end of the PCR product for capture. Another
signal generation system e.g. direct fluorescence of the other
fluoresceinylated PCR primer could then be used.
Mispriming is a possible complication of any PCR based assay.

The likelihood of this phenomenon occurring in the non-
amplifiable tail assay can be reduced by initially testing target
sequences with conventional amplimers. This potential problem
can however, be completely avoided if the non-amplifiable tail
oligonucleotides are used as nested primers in a secondary PCR
reaction. This should pose only minor inconvenience if the PCR
reactions are carried out in microtitre dishes to compliment the
microtitre capture and detection format.

It was found in our Taq DNA polymerase blocking assay for
these compounds that there was some 'readthrough' of the first
base analogue. Indeed when we prepared templates with a single
base analogue residue there was often poor termination (data not
shown). This suggests that Taq DNA polymerase is capable of
inserting one base opposite the site of the base analogue. However
with all the compounds described here, we found that two or
more residues were sufficient to terminate extension. Presumably
if one nucleotide is added opposite a non-base-pairing analogue
then the capacity to add another is particularly compromised,
unless the potential for correct hydrogen bonding is restored.

This conclusion may only be applicable to Taq DNA
polymerase however. Other groups have examined incorporation
of nucleotides opposite abasic sites in a template molecule by
other DNA polymerases (25-27). Specifically, it has been
demonstrated that Drosophila DNA polymerase a does extend
past an abasic site but extension is compromised (25). Avian
myeloblastosis virus reverse transcriptase, the Klenow fragment
of E. coli DNA polymerase I and calf thymus DNA polymerase
a all appear to have similar properties (26). Another study
suggests that Drosophila DNA polymerase a does not extend past
a similar abasic site (27) in contradiction to Ref 24. It is difficult
to reconcile these differences in findings for incorporation
opposite a abasic sites with the same enzyme (25 and 27). These

binding pairs. This would be particularly convenient for multi- effects may be both primer and template sequence dependent since
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base stacking does effect the efficiency of incorporation opposite
these abasic sites (25). Such findings could possibly reflect our
observations that two or more base analogues may be required
to completely block Taq DNA polymerase primer extension.
However, different DNA polymerases are likely to exhibit
different properties and we have not extended our studies to the
blockade characteristics of the nucleotide analogues described
herein to DNA polymerases other than Taq DNA polymerase.
It is therefore conceivable that these nucleotide analogues may
have uilities other than those outlined in this work. For instance,
if the nucleotide analogues do not block primer extension in vivo
through being excised by DNA repair processes, these analogues
may allow the precise directional cloning of PCR products or
the ordered ligation of many PCR products for subsequent
cloning. Such benefits would be additional to the diagnostic
application arising as a result of the ability to produce PCR
products containing single-stranded tails by the use of primers
synthesised with these novel phosporamidites. Experiments to
address these questions are in progress and will be reported
separately. Non-amplifiable tails should prove to be particularly
useful in the design of automatable PCR assay formats for both
inherited and infectious diseases.
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