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Thereagenthydroxylradical(OH� ) attacksandcleavestheDNA phosphate/deoxyriboseback-
bonein a largely sequence-independentmanner. Theusefulnessof this reagentemergesfrom its
ability to recognizestructuralchangesin DNA. For example,adeninetracts(A-tracts)have the
uniquepropertyof graduallydecreasinghydroxyl radical-catalyzedcleavagewithin the A-tract
region, in the5

�
to 3

�
direction[5]; this hasbeensuggestedto beconsistentwith a narrow minor

groove in theA-tract region [3].
Deuteriumisotopeeffectstudiesof theDNA cleavagereactionconductedbyTulliusandcowork-

ershaveshown thattheC4
�
andC5

�
protonsaretheprimaryattacksitesof hydroxyl radical;other

deoxyriboseprotonsareattacked lessstrongly[1]. Moleculardynamicssimulationshave shown
that theminor groove of simulatedA-tract structuresis narrow [5]. This narrownessrestrictsac-
cessto theminor groove by smallmolecules(suchaswaterandhydroxyl radical)andis thereby
expectedto reducetheaccessiblesurfaceandinhibit cleavageat attacksites.However, we do not
observe a strongpatternof surfaceareadecrease;only slight increasesanddecreasesat C4

�
and

C5
�
, dependenton theprotonpositionwithin thedodecamer(bluepanelsin Figure1). This sug- Fig. 1

geststhat thedecreasedcleavagein A-tractsis not determinedby theburial of any singleproton
andmustbea cumulativeeffect from smalldecreasesoverseveralprotons.

Tullius et al. [1] have shown that the cumulative probability of cleaving a deoxyribosewith
hydroxyl radicalis thesumof the individual protonprobabilities

���
. They have alsoshown that

thecleavageprobabilityof eachprotonis well-correlatedwith theproton’ssurfacearea��� � . Thus,
we cancomputefrom both experimentalandcomputedstructuresthe accessibleprotonsurface
areaandusethis quantity to weigh eachproton’s individual cleavageprobability. The average
cleavageprobability 	
� for eachdeoxyribose� andthe correspondingstandarddeviation �
� are
calculatedas:

	
��� � �
������������� � ��� ��� ��� (A.1a)
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Thevaluefor
���

, thecleavageprobabilityfor eachdeoxyriboseproton5 , is takenfrom Ref. [1].
Thesurfaceareaof eachproton 5 in deoxyribose� , ��� � , is computedby thetheLeeandRichards
algorithm[4] (available in CHARMM [2]). This methodroughly passesa water-moleculesize
probearoundthesolutesurfaceto determinesuccessive planarsectionsof theaccessiblesurface
area.

TheA-tractdodecamercleavageprobabilitiesdeducedfrom our trajectories(redpanelsin Fig-
ure1) show asinusoidalpattern.Themaximaandminimaarespacedsix basepairsapart,approxi-
matelyin phasewith theDNA helicalrepeat.Thethyminestrandcleavageminimaoccursnearthe
centerof theA-tract; theadeninestrandminimaareoffsetby threebasepairs. Theoverall sinu-
soidalprofileandthethreebsaepairoffsetarecollectivelysimilar to experimentalA-tractcleavage
patternsobservedby Tullius andcoworkers[3].

Our calculationof theexpectedcleavageby hydroxyl radicalat eachdeoxyriboseof the1D89
and1D98A-tract dodecamers(termedS andC , respectively in our publication[5]) agreeswell
with theexperimentaldata[3], suggestinga potentialfor generalsequenceanalysis.However, the
effect of the baseuponthe protonreactivities wasnot systematicallyexaminedin the deuterium
isotopeexperiments[1]; therefore,thederivedreactivities areexpectedto retainsomecomponent
of base-specificvariation.Thecloseagreementbetweenourcalculatedcleavagerateandtheexper-
imentaldatasuggeststhatthedifferentbehavior of A-tractsin relationto heterogeneoussequences
dominatesthesequence-specificvariationsof deoxyribosehydrogenreactivities.
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Figure1: Deoxyriboseprotonsurfaceaccessibilityandcalculatedcleavageprobabilityfor thetwo
A-tract dodecamers(1D89and1D98). Thesequenceandnumberingschemefor eachdodecamer
is indicated.Thesurfaceareaof eachproton(bluebars)wascalculatedatafrequency of 1 structure
perpicosecondusingaprobewith a radiusof 1.4Å [4]; onestandarddeviationof thesurfacearea
is indicated.Similarly displayedis thecleavageprobability(red)for eachdeoxyribose(described
in the text). Thecleavageprobabilities	
� areunnormalizedasis generallydone[3]; the proton
cleavageprobability

���
hasnotbeennormalizedto comparewith Ref. [1].


