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UV irradiation of cells furnishes large numbers of mutagenic Scheme 12
cyclobutane pyrimidine dimer lesions (CPD,=dT) as a conse- fal o o
quence of [ + 2x] cycloaddition reactions between adjacent  ° © © ° Fmoc y ~u NIl R
thymidinest~ In recent years, the need for DNA containing such _ 2 - v
lesions at defined sites has steadily gréwm order to allow e
Br CH
1 2 3 4

o]
biochemicaF crystallographic, and cellular studie&.These are GOOH ="‘°°-3"v“»)]‘c--”
needed to learn how DNA lesions induce mutations and how cells S [
remove lesions from the genorfi@articularly, DNA with dF=dT ®) '

H H . . KK-GCGE-CAT-GCA-ACG-TGC-G-KK-NH, PHAS KK-GCGE-TGC-AAC-GTA-CGC-G-KK-NH, PNAZ
lesions is needed because they are repaired by various pathWays ,, cce cateeiace oo ki, PNATD  KK-G06-CAT-GAA-ACSTG0-G-KK-KH, PHAT1
shifting them into the center of DNA repd-ﬁ.The chemical KK-TCA-TGC-AAC-GOG-C-KK-NH, PMA1Z  KK-GTT-GTC-AAC-GCG-T-KK-NH; PHA13

H ni H H H - H 5-CGC-GTA-CGT-TGC-ACG-C-3° DMA1
synthesis of DNA contalnlng'dEFdT dlmers is e_ltlme consuming T ar soacs D2
process. It requires synthesis of a dimer lesion phosphoramidite s-ceceAcTAC-GTT-GEG-COT-ATATTA-TAT-ACA-TGT-AAG-TAT-ACA-CGT-ATG-CGC-3 DNAS
building block!* chemical synthesis of DNA using this buildin aConditions: (a)i NBS, AIBN, MeCN, 1.5 h, 9C°C, 95%;ii NaCN,
9 Y|

block, purification of the prepared DNA, and, if required, ligation ?E?ﬁneﬁgg{ 2Df|‘éfﬂ;>'§/,lg7g°0i“ '_"zothJYOO/Hv ?gghlbs(géri?ufiﬁ 5vt

; ; , , : , 80 min, rt, 97%yw 2 1), 1h,rt,
of the DNA into a larger DNA fragment. Alternatively, small DNA g o, "o 8 /s Tithia = acetophenone building block) and DNA (with
fragments with one dTpdT dinucleotide site can be irradiated in 11 = potential thymine dimers) strands.

the presence of acetophenone to give=diT containing DNA and

with side products that need to be separated by HPL€Both opposite the T of the dTpdT dinucleotideRNA9:DNA2); (ii)
methods are labor intensive, and it is difficult to create DNA strands positioned opposite thedT (PNA8:DNAL):; (iii) positioned so that
with more than one thymine dimét. two A units face the dTpdT dinucleotid®A10:DNAL); and (iv)

We thought that it would be a tremendous advantage if reagents positioned so thé\ unit is shifted one nucleobase toward tHe 5
could be created for the synthesis of a defined lesion in a defined end in order to allow the dTpdT to form two intact base pairs
position directly in large DNA strands or even in genomic DNA. (PNA11:DNAL). Irradiation of these four PNA:DNA double strands
For dT=dT, the incorporation of an acetophenone into peptide (20,M PNA:DNA duplex, 10 mM NaCl, 10 mM, phosphate buffer
nucleic acids (PNA), which are able to bind tightly and sequence- pH = 7.4) with 1 = 340 nm was performed to induce dimer
specifically to complementary DNA sequences, might allow us to formation. The reaction mixture was analyzed before and after 3 h
achieve this goal. of irradiation by reversed-phase HPLC. Whereas irradiation of DNA

Two potential problems had to be solved. First, energy transfer with just acetophenone gave rise to a variety of products, irradiation
from the light-excited acetophenone in the triplet state to the dTpdT of all PNA:DNA duplexes gave a clean conversion of the DNA
dinucleotide must be faster than H-atom abstraction from DNA, strands to new DNA products of unchanged molecular weight as
which would give reactive DNA radical$.Second, energy transfer  determined by MALDI-TOF. Addition of DNA photolyase enzyme,
is a rather long-range process, raising the question of how specificwhich specifically cleaves the naturally occurricig—syndT=dT
such reagents could potentially dét. dimers back into the dTpdT dinucleotides, converted the product

Syntheses of the acetophenone PNA building block and of the strands back intdNA1 andDNA2, respectively, proving that only
PNA strands needed for this study are depicted in Scheme 1. First,cis—syndT=dT dimers and no other products are formed during
4-methylacetophenonel)( was transformed via WohiZiegler the experiment. Most interesting, however, is the chemical yield
bromination ), bromine to cyanide exchang®)(and hydrolysis of the reaction. The best results were obtained with the duplex
of the cyanide group into compouddReaction o# with the Fmoc- PNA8:DNAL, in which theA building block faces the'8T of the
and t-butyl-protected PNA backbone molecuBefurnished, after dTpdT site. Irradiation for oyl 3 h convertedDNAL into the
acidic cleavage of thebutylester, the acetophenone PNA monomer corresponding d¥dT dimer containing DNA strand in yields
(7), denoted a#\ in Scheme 1. Synthesis of the peptide nucleic between 60 and 80%.
acid strand$®NA8—12 needed for this study was performed using To investigate the selectivity of the method, we prepared the
a reported Fmoc synthesis protocol for peptide nucleic déitfs. PNA reagenNA12, hybridized the reagent to a 51m@&@NA3)

Two lysine residues at the N- and C-termini ensured excellent with two dTpdT sites (Scheme 2), irradiated the complex for 3 h,
solubility (K). added the fully complementary DNA counter straDblA4 (5'-

We first analyzed the best position of the acetophenone relative GCG-CAT-ACG-TGT-ATA-CTT-ACA-TGT-ATA-TAA-TAT-
to the dTpdT site to optimize the energy transfer step. To this end, ACG-CGC-AAC-GTA-CTC-GCC-3 to form the DNA3:DNA4
the four PNA strand8—11 were hybridized to the corresponding  duplex, and cut the duplex with the thermophilic restriction enzyme,
DNA strands DNAL for PNAS, -10, -11 andDNA2 for PNA9) to BstUZ into a 15mer and a 36mer DNA strand. The 15mer and the
give double strands, in which thebuilding block is (i) positioned 36mer were separated by rp-HPLC and analyzed by agarose gel
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: | - “'m Figure 1. Schematic illustration of generating and analyzing a defined CPD
@ bt lesion fed stretchin the plasmid strand) in genomic M13 mp 18 ss DNA.
e = r nc: T’
o T 1 - specifically the targeted sequence in a large genomic DNA fragment
= | s | oma e | s in order to generate selectively upon irradiation the desiise
T_"_, . A __"' N\ ":_-‘;,Cf_ _.'I, ol syndT=dT lesion. In summary, we have created novel reagents
il m o moAm R oE oA & i R v w M A E® DM i ie— — i I I I -
Y Retention time (min] . Retontion time [min] that allow synthesis ofis—syndT=dT lesions directly in single

) ) ) ) stranded DNA and even in large genomic DNA.
aProcedure to create a CPD lesioad) in a 51mer DNA. It is possible
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