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Introduction (1)Introduction (1)

Chemicals → Chemicals → electrophilicelectrophilic → DNA attack → → DNA attack → 
DNA adduct → cancer ?DNA adduct → cancer ?

BenzoBenzo[a][a]pyrenepyrene: prototype PAH: prototype PAH
→ activation  → activation  
→ → dioldiol epoxide epoxide 
→ DNA adduct

OH

O

HO
→ DNA adduct



IntroductionIntroduction (2)(2)

Amount DNA adduct ↓↔ nucleotides ↑↑↑Amount DNA adduct ↓↔ nucleotides ↑↑↑

Method:Method:
-- sensitivesensitive
-- selectiveselective
-- structural informativestructural informative

Goal: identificationGoal: identification



Introduction (3)Introduction (3)

CZECZE
-- charged moleculescharged molecules
-- miniaturizationminiaturization →→ sensitivitysensitivity

(sample introduction !)(sample introduction !)
QQ--TOFTOF

-- mass spectrometric selectivitymass spectrometric selectivity
-- identification (MS/MS)identification (MS/MS)
-- “full scan” sensitivity “full scan” sensitivity 



Materials & Methods (1)Materials & Methods (1)

Samples:Samples:
-- nucleotides (per ml)nucleotides (per ml)

(2’(2’--deoxydeoxy)nucleotide (5 mg) + BPDE (0.1 mg))nucleotide (5 mg) + BPDE (0.1 mg)
((dAMPdAMP, , dCMPdCMP, , dGMPdGMP, TMP), TMP)

chloroform extraction (3x)chloroform extraction (3x)
-- DNA DNA hydrolysatehydrolysate (per ml)(per ml)

calf thymus DNA (10 mg) + BPDE (10 mg)calf thymus DNA (10 mg) + BPDE (10 mg)
ethanol precipitationethanol precipitation
DNA hydrolysis: DNADNA hydrolysis: DNA--asease I, nuclease P1, SVPI, nuclease P1, SVP

-- SPE: SPE: ChromabondChromabond HRHR--PP



MaterialsMaterials & & MethodsMethods (2)(2)

CZE conditions:CZE conditions:
-- column: 1 m x 50 µm i.d. fused silicacolumn: 1 m x 50 µm i.d. fused silica
-- buffer: 20 buffer: 20 mMmM ammonium acetate (pH 9.5)ammonium acetate (pH 9.5)
-- hydrodynamic injection: 80 mbar, 1.5 minhydrodynamic injection: 80 mbar, 1.5 min
-- electrophoresis: 23 kV, 20 mbarelectrophoresis: 23 kV, 20 mbar
-- sample stacking → low amountsample stacking → low amount

→ nucleotide adducts: 100 mbar, 0.6 min→ nucleotide adducts: 100 mbar, 0.6 min
→ DNA → DNA hydrolysatehydrolysate adducts: 100 mbar, adducts: 100 mbar, 

1 min1 min



MaterialsMaterials & & MethodsMethods (3)(3)

MS conditions:MS conditions:
-- nanonano--ESI interfaceESI interface

-- sheath flow:sheath flow:
-- neg. mode: 80/20 neg. mode: 80/20 isopropanolisopropanol/water/water
-- pos. mode: 50/50 methanol/waterpos. mode: 50/50 methanol/water

-- capillary: capillary: --/+ 3.5 kV/+ 3.5 kV



ResultsResults (1)(1)

CZECZE--MS: MS: electropherogramelectropherogram
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ResultsResults (2)(2)

CZECZE--MS/MS: MS/MS spectrumMS/MS: MS/MS spectrum
-- negative modenegative mode

→ phosphate → phosphate alkylationalkylation ??
→ base → base alkylationalkylation ??

-- positive modepositive mode
→ exact place for base → exact place for base alkylationalkylation



ResultsResults (3)(3)

Incubation of BPDE with (2’Incubation of BPDE with (2’--deoxydeoxy)nucleotides)nucleotides

--m/z 650 m/z 650 
NN22--alkalk

m/z 610 m/z 610 
NN44--alkalk

m/z 634 m/z 634 
NN66--alkalk

pos. pos. 
modemode

--m/z 648 m/z 648 
basebase--alkalk
(N(N22/N7)/N7)

m/z 608 m/z 608 
basebase--alkalk
(N3/N(N3/N44))

m/z 632 m/z 632 
basebase--alkalk
(N1/N(N1/N66))

neg. neg. 
modemode

--10.910.910.410.410.310.3RT (min)RT (min)

TMPTMPdGMPdGMP
(MM 649)(MM 649)

dCMPdCMP
(MM 609)(MM 609)

dAMPdAMP
(MM 633)(MM 633)

BPDE BPDE 
adductadduct



ResultsResults (4)(4)

Incubation of BPDE with Incubation of BPDE with dCMPdCMP ((-- mode)mode)
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ResultsResults (5)(5)

IncubationIncubation of BPDE of BPDE withwith calfcalf thymusthymus DNADNA

--m/z 650 m/z 650 
NN22--alkalk

m/z 610 m/z 610 
NN44--alkalk

m/z 634 m/z 634 
NN66--alkalk

pos. pos. 
modemode

--m/z 648 m/z 648 
basebase--alkalk

m/z 608 m/z 608 
basebase--alkalk

m/z 632 m/z 632 
basebase--alkalk

neg. neg. 
modemode

--10.710.79.99.99.89.8RT (min)RT (min)

TMPTMPdGMPdGMPdCMPdCMPdAMPdAMPBPDE BPDE 
adductadduct



ResultsResults (6)(6)

IncubationIncubation of BPDE of BPDE withwith calfcalf thymusthymus DNA DNA 
(+ mode): (+ mode): BPDEBPDE--dCMPdCMP
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ConclusionConclusion

CZE (negative compounds) → OKCZE (negative compounds) → OK

Coupling CZECoupling CZE--ESIESI--MS → proved MS → proved 
straightforward in our handsstraightforward in our hands

Sample stacking → small amountsSample stacking → small amounts

DNA adducts with BPDE: BPDEDNA adducts with BPDE: BPDE--NN66--dAMPdAMP, , 
BPDEBPDE--NN44--dCMPdCMP, BPDE, BPDE--NN22--dGMP dGMP 
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