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Design of modified A*U and G*C base pairs with similar stability.
Implicationfor the DNA sequencingby hybridization
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Absfract:ModifiedG*C,or A*Ubase pairs havebeen incorporatedat the 4ti positionof a duplexcomposedwithnine
basepairs.llre irrfluenceof these modificationson duplexstabilitieshas beenstudiedby absorptionspectrosco#. It has
been formalthat G4M’Chas thermalstabilitysimilarto that of the AS*U basepair.ThusduplexesinvolvingG ‘C or
As- base pairs exhibitthe sameTm. @ 1997Elsevier Science Ltd.

Traditionalsequencingtechniquesrequire electrophoresis.Recentlyseveral authorshave proposeda

novel DNA analysismethod based on the hybridizationof a labelledDNA fragmentto a completeset of

oligonucleotidesimmobilizedas an ordered array on a solid surfacel-3.However,these approacheshave a

seriousdrawbackdueto the basecompositiondependenceon duplexstabilities.So perfecthybridbuiltwithAT

richsequenceswouldthereforehavea similaror evenlowerstabilitythandohybridsbuiltwithGCrichsequences

involvingonemismatch4.In a recentpaper,we describeda new systemof duplexesbuiltwithAT andlorG4EtC

base pairs whosethermal stabilitywas independentof their AT and G4E’Cratio content4.This new concept

consistsin the chemicalmodificationof a GC base pair whosestabilityis very similarto that of an AT base

pair. In this paperwe describeanothersystemdesignedto improvethe formeroneby modifyingsimultaneously

AT andGCbasepairs in orderto obtainduplexeswithhigherthermalstabilities.

This approachinvolvesthe replacementof naturaldeoxynucleosidesby modifiednucleosidesin both

strands of the DNA duplex. Thus for our stidy it was imperativeto use modifiednucleosideslikely to be

incorporatedby DNA polymerasesfor the preparationand amplificationof nucleic acid fragmentsto be

analyzed.For an easier chemicalsynthesis,we choseto modi~ pyrimidinedeoxynucleosides.To increasethe

stabilityof AT base pairs we used 5-(l-propynyl)-2’-deoxyuridine(d5prnpU)since it is knownto fom3with
5-6 T. modulate he Stabil@ Of GC Pairi%nam~ ~ a 5prnPuA pairing which is more stablethan AT pairing .

we used dC analogsin which one hydrogenatom of the amino groupat position4 of dC was substitutedby

differentalkyl, allyl or propargylgroups(R). This strategywouldfacilitatethe selectionof a G4RCbase pair

with a thermal stability similar to that of the A5pr0pUbase pair. Prelimimuystudies were carriedout with

duplexes1 to 8 containingnine base pairs in which one base pair at position4 was substitutedby one AT,
A5pmPu, GC or GRC basepair (Table1).
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5’-d (T T T C T C X T C G T T) 3’
3’-d(AC A G Y A G C) 5’

97654321

Duplex x Y Tm+-l“c AToI/1
(“c)

1 A T 46
2 A 5Pr0p~ 48 +2
3 G c 51 +5
4 G 4Mec 49 +3
5 G 4Etc 47 +1
6 G 4Prc 45 -1
7 G 4Allylc 45.5 -0.5
8 G 4Pr0pargylc 45.5 -0.5

Table 1: Meltingtemperaturesat k = 260 nrnof naturalduplexesandthose involvinga modifiedbasepair at position4. Tmswere

determinedat an oligomerstrandconcentrationof 2 ILMin 10”2M sodiumcacodylate,pH 7 buffercontainingIM NaCland2 x 104M

EDTA.

The synthesisof oligonucleotideswas performedby phosphorarniditechemistryon solidphase’using

commercial products for dspr”pU. Phosphoramiditederivativesof d4MeC,d4E’C,d4prC,d4A11yiCand d4~p*s1C

werepreparedas describedin a previouspaper4.Theabsorptionstudiesof the duplexeswerecarriedoutwith2

@l of each oligonucleotidein 10”2M sodiumcacodylatepH 7, buffercontaining1 M NaCl and 2 x 104M

EDTA on a UVIKON941 cell changer spectrophotometer.Melting temperatures(Tin) were taken as the

temperaturecorrespondingto the half-dissociationof the complex.Note that the marginof errorwas about A

1“C.

The resultsobtainedwereconsistentwiththoseexpected.Substitutionof the methylgroupat position5

of thymine(duplex1, Tml = 46°C) by the l-propynylgroup(duplex2, Tm2= 48°C) stabilizesthe modified

duplex.The l-propynylgroupis coplanarto uracyl,thusallowingits stackingontothe adjacent5’-base.

Howeversubstitutionof dC on the aminofunctionhas a destabilizingeffect.By changingthe natureof

the R group,we couldeasilymodulatethe stabilityof the G4RCbasepair.Meltingdata showedthat 4M’Cand

4E’Cwouldbe goodcandidates(Table1).Thusduplexes4 (R = Me, Trn4= 49”C)and 5 (R = Et, Tm5= 47°C)

havethermalstabilitiesverysimilarto that of duplex2 (Tmz= 48°C)involvingan A5p~pUbasepair.

To veri~ the specificrecognitionof dG by d4MeCand dA by d5pr0pU,thermaldenaturationexperiments

werecarriedout withduplexesinvolvingthe mispairingXC,~“’C (X= T, C or A) andXT,X5p’~ (X= T, G

or C). Thermalstability data showedthat the specificityof the G4MeCand A5pmpUpairing formationswas

maintained(Table2). The X4MeCand X5p’OpUmismatchesled to a decreaseof about 10to 20°Cin Tm values

comparedto thoseobtainedwith sequencesinvolvingG4M’Cor A5pmpU.
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5’-d (T T T C G T C X T C G T T) 3’
3’-d(A G C A G Y A G C) 5’

Y
T 5P10p~ c 4Me

x c

A 46 48 27 27
T 32 28 25
G 36.5 51 49
c 28.5 28 21 17

Table 2: Mekingtemperaturevalues(“C) at k = 260 nm of perfectduplexesand ones containinga mismatchat position4. Tmswere
determinedon a sampleconcentrationof2 VMin 10-2M sodiumcacodykate,PH 7 buffercontaining1 M NaCl and 2 x 104M EDTA

Forfurtherstudies,we selectedG4M’CratherthanG4EtCbasepairsforthe followingreasons:

- G4M’Cpairingis slightlymore stablethan the A*pmpU pairingso that the therrnrdstabilityof duplexesbuilt

yith A5bU andlorG4M’C basepairs is higherthanthosecontainingA5pr0pUandlorG4EtC.

- d4MeChas been found mainly in thermophilicbacteriascontlrrnsits hybridizationproperties.To test the

A5pr0pUand G4MeCbasepair couplesselectedabove,we studiedthe thermalbehaviorof two modifiedduplexes
5Pmpu (duplex 11) andnine GinvolvingnineA 4M’Cbasepairs(duplex12),respectively(Table3). Studieswere

carriedout as well on two naturalduplexes9 and 10, usedas references,whichwerederivedfromduplexes11

and 12, by replacingA5P’”PU by AT and G4M’Cby GC base pairs, respectively.These sequencesrepresenting

the maximumof basecompositionvariationallowedus to assessquicklythe efficiencyof sucha system.

Tm(“C) ATin/9
(“c)

9 T, [T T A] Tz 18.5 0
[A A T]J

10 T, [C C G] T, 63.5 +45
[G G c],

11 T, [*U *U A] T, 31 + 12.5
[A A *U]3

12 T, [ G *C G] T, 33.5 + 15
[*C G *C]3

Table 3: Meltingtemperaturesof naturaland modifiedduplexesinvolvingC*=4MeC or U*=5%U. Tm were determinedat an oligomer
strandconcentrationof 2 PM in 10-2M sodiumcacodylate,pH 7 buffercontainingI M NaCland2104 x M EDTA.

The thermalstabilitydata of filly modifiedduplexes11 and 12 were in agreementwith the resultsobtained
SPmpu bme pairs(TmII=abovewithpartiallymodifiedduplexes2 and 4. In fact,duplex11 containingnine A

31°C)showsthernxdstabilityverycloseto that of duplex12involvingnineG4M’Cbasepairs(Tm12= 33.5”C).

The rangeof variationin transitionobtainedbetweenboth modifiedduplexeswas onlyabout2.5°C(notethat

the margin of error on Tm values was about + 1“C).Concerningdouble-strrmdedDNA involvingnatural

nucleosides,their stabilitiesarehighlydependentonthe basecomposition.TheTmdifferencebetweennatural
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duplexes9 (Tm9= 18.5”C)and 10 (Tmlo= 63.5°C)involvingnine AT and nine GC base pairs, respectively,

wasverygreatas expected(ATm= 45”C).Thisnewapproachinvolvingmodifiedduplexesmadewith5%

and4M’Callowedus to obtaina morestablesystemthanthe oneimplyingAT artd/orG4EtCbasepairsdescribed

previously. The gain in thermalstabilitywas about 12°Cwhichrepresentsan importantadvantagesincea set

of shorteroligonucleotidesmaybe usedhencea limitedsequencenumber.

Thesepreliminaryresults showthat duplexesof a givenlengthbuilt with A5pmpUor G4M’C base p&

exhibit a thermal stability independentof their base content in a classical buffer solution.Althoughthese

examplesrepresentthe maximumvariationof the base composition,developmentof this work implies the

synthesisof sequencesinvolvingtwo moditiednucleosidesd5pr0pUand4M’Cto confirmpreviousresultsandto

studythe effectof sequenceon hybridizationproperties.The successfuluse of suchmodifiedoligonucleotides

as probesfor reversehybridizationanalysisrequiresthe incorporationof these modifiednucleosidesinto the

DNAtarget sequences.The abilityof djp’”pUTP9-10and d4MeCTP1ito serveas a substratein DNApolymerase

enzymecatalyzedreactionshas beendemonstrated.

Acknowledgements: Thisworkwassupportedbya BioMedcontract(gene-CT93-0009).

References

1.Southern,E. M., internationalpatent,1988,WO89/10977.

2. Drmanac,R., Labat,I., Bruckner,I., Crkvenjalcov,R., Genomics, 1989,4, 114-128.

3. Krapko,K. R., Lysov,Y. P., Khorlin,A. A., Ivanov,I. B., Yershov,A. D.,Vasilenko,S.

K.,Florentiev,V. L., Mirzabekov,A. D.,L DNA SequencingA4app.,1991,1,375-388.

4. Nguyen,H. K.,Auffray,P., Asseline,U.,Dupret,D.,Thuong,N. T.,Nucleic Acids Res., 1997,25,3059-

3065.

5. Froehler,B. C., Wadwani,S.,Terhorst,T. J., Gerrard,S. R., TetrahedronLeft. 1992,33,5307-5310.

6. Sigi, J., Scemzo,A., Ebinger,K., Szabolcs,A., Sagi,G.,Ruff,E., Otvos.L., TetrahedronLett. 1993,34,

2191-2194.

7. Beaucage,S. L., Caruthers,M. H., TetrahedronLett., 1981,22, 1859-1862.

8. Ehrlich,M.,Norris,K. F., Wang,R. Y.-H.,Kuo,K. C., Gehrke,C. W.,Bioscience Report, 1986,6,387-393.

9. &Jos. L., Szecsi,J., Sagi,J., Kovacs,T.,Nucleic Acids Symp. Ser. 1987,18, 125-129.

10.Valko,K.,Fellegvari,I., Sigi, J., Scemz6,A.,J Liq. Chromatogr. 1989,12,2103-2116.

11.Li, S.,Haces,A., Stupar,L., Gebeyehu,G., Pless,R. C.,Nucleic Acids Res. 1993,21,2709-2714.

(Received in France 17 July 1997;accepted 30 August 1997)


