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Thereagentydroxylradical(OH™) attacksandclearestheDNA phosphate/deoxyribogack-
bonein alargely sequence-independemianner The usefulnes®f this reagentemepgesfrom its
ability to recognizestructuralchangesn DNA. For example,adeninetracts(A-tracts) have the
uniquepropertyof graduallydecreasindiydroxyl radical-catalyzedleaszage within the A-tract
region, in the5' to 3' direction[5]; this hasbeensuggestedio be consistentvith a narrav minor
groovein the A-tractregion [3].

Deuteriumisotopeeffectstudiesof the DNA cleavagereactionconductedby Tullius andcowork-
ershave shavn thatthe C4 andC5 protonsarethe primary attacksitesof hydroxylradical;other
deoxyriboseprotonsareattacled lessstrongly[1]. Moleculardynamicssimulationshave shovn
thatthe minor groove of simulatedA-tract structureds narrav [5]. This narravnessrestrictsac-
cessto the minor groove by small moleculegsuchaswaterandhydroxyl radical)andis thereby
expectedo reducethe accessiblesurfaceandinhibit cleavageat attacksites. However, we do not
obsere a strongpatternof surfaceareadecreaseonly slightincreaseanddecreaseat C4 and
C5, dependenon the protonpositionwithin the dodecame(blue panelsin Figurel). This sug-
geststhatthe decreasedleavagein A-tractsis not determinedy the burial of ary singleproton
andmustbea cumulatve effectfrom smalldecreasesver severalprotons.

Tullius et al. [1] have shavn that the cumulatve probability of cleaving a deoxyribosewith
hydroxyl radicalis the sumof the individual protonprobabilitiesP;. They have alsoshavn that
the cleavageprobability of eachprotonis well-correlatedwvith the proton’s surfaceareas;;. Thus,
we can computefrom both experimentaland computedstructureshe accessiblgroton surface
areaand usethis quantity to weigh eachproton’s individual cleavage probability The average
clearage probability C; for eachdeoxyribosei andthe correspondingtandarddeviation o; are
calculatedhs:
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Thevaluefor P;, thecleavageprobabilityfor eachdeoxyriboserotony, is takenfrom Ref. [1].
The surfaceareaof eachprotony in deoxyribose, S;;, is computedoy thethe LeeandRichards
algorithm[4] (availablein CHARMM [2]). This methodroughly passes watermoleculesize
probearoundthe solutesurfaceto determinesuccessie planarsectionsof the accessiblesurface
area.

TheA-tractdodecameclearageprobabilitiesdeducedrom ourtrajectoriegredpanelsn Fig-
urel) shav asinusoidapattern.Themaximaandminimaarespacedix basepairsapart,approxi-
matelyin phasewith the DNA helicalrepeat.Thethyminestrandcleavageminimaoccursnearthe
centerof the A-tract; the adeninestrandminimaare offset by threebasepairs. The overall sinu-
soidalprofile andthethreebsaepair offsetarecollectively similarto experimentalA-tractclearage
patternobseredby Tullius andcoworkers|[3].

Our calculationof the expectedcleavageby hydroxyl radicalat eachdeoxyriboseof the 1D89
and1D98 A-tract dodecamerftermedS andC , respectrely in our publication[5]) agreeswvell
with the experimentaldata[3], suggesting potentialfor generakequencanalysis.However, the
effect of the baseuponthe protonreactvities wasnot systematicallyexaminedin the deuterium
isotopeexperimentd1]; thereforethe derivedreactvities areexpectedo retainsomecomponent
of base-specifigariation. Thecloseagreemenbetweerour calculatecleavagerateandtheexper
imentaldatasuggestshatthedifferentbehaior of A-tractsin relationto heterogeneousequences
dominateghe sequence-specifi@riationsof deoxyriboseéhydrogerreactvities.

References

[1] B. Balasubramanian)V. K. PogozelskiandT. D. Tullius. DNA strandbreakingby the hy-
droxyl radicalis governedby the accessiblsurfaceareasof the hydrogenatomsof the DNA
backboneProc. Natl. Acad. Sci. USA, 95:9738-97431998.

[2] B. R.Brooks,R. E. Bruccoleri,B. D. Olafson,D. J. States S. SwaminathanandM. Karplus.
CHARMM: aprogramfor macromoleculaenegy, minimization,anddynamicscalculations.
J. Comp. Chem., 4:187-2171983.

[3] A. M. Burkhoff andT. D. Tullius. Theunusuakonformatioradoptedoy the adenindractsin
kinetoplastDNA. Cell, 48:935-9431987.

[4] B.LeeandF. M. Richards.Theinterpretatiorof proteinstructuresestimatiorof staticacces-
sibility. J. Mal. Biol., 55:379—-4001971.

[5] D. StrahsandT. Schlick. A-tract bending:Insightsinto experimentalstructuredy computa-
tionalmodels.J. Mal. Biol., 3017?:(inpress)2000.



Hydroxyl radicalcleavage 3

ge

Probability of cleavag

o
=3
a
s
@

<
El

S
F

2
6]

o
g

0o, 00,

IV 10}

<+, 0o,

<r: <+

<+ <k,

<+ <+

<+, <+

<k <,

SYON SYON

0o, 0O,

0O 0O :
o -
1o O N RO RO i By By Sy S C) o) O
A odoll<I<S A o<l
— @ EEE——————— i

Ha'

H5"

o
)
S
3

2
S

S
2
8
3
2
3
o

Probability of cleavage

AN

Figurel: Deoxyriboseprotonsurfaceaccessibilityandcalculateccleavageprobabilityfor thetwo
A-tractdodecamer§lD89and1D98). The sequenca@ndnumberingschemdor eachdodecamer
isindicated.Thesurfaceareaof eachproton(bluebars)wascalculatecatafrequeng of 1 structure
perpicosecondisinga probewith aradiusof 1.4 A [4]; onestandardieviation of the surfacearea
is indicated.Similarly displayeds the cleavageprobability (red) for eachdeoxyribosgdescribed
in thetext). The cleavageprobabilitiesC; areunnormalizedasis generallydone[3]; the proton
cleavageprobability P; hasnotbeennormalizedo comparewith Ref. [1].



