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In a previous paper1 the steric inhibitory effects in the cross-linking alkylation of DNA
was discussed. It was also suggested that the configuration of the carbon atom bearing a given
substituent of the alkylating agents has also a definite role in the reactivity. First direct
arguments for the asymmetric cross-linking alkylation of DNA were given by Verly, Brakier
and Feitz, as well as us3 using dianhydro derivatives of tetritols and hexitols., No explana-
tion has been given, however, for the stereospecificity. The purpose of this paper is to show
that the stereospecificity observed in the alkylation with meso-, L- and D-diepoxybutane
stereoisomers is due to the asymmetric right-handed helix structure of the DNA and the
difference in the rcactivity can be correlated to the absolute configuration of the reagents.

The amount of the interstrand cross-links was determined by measuring the renaturability of
alkylated DNA compared with the renaturability of the nucleic acid containing no cross-linkage[‘.
Table 1. shows renaturability data obtained in the alkylation of chicken blood DNA /500 ug/ml/
with diepoxybutane isomers /O,03 M/, in the first threc hours of the reaction. The accuracy
of the measurements is + 1-3 %.

Table I,
Reaction Renaturat/)g/ity Stereospecificity /%/ Renaturab/ili/ty Stereospecificity /%/
. . of DNA /% of DNA /%
time min. | ,)iylated with (1- B522) x 100 alkylated with (1-f)xw00
0 DL- meso r- D-
37 diepoxybutane diepoxybutane
10 19 (e] -~ 35 4 89
20 25 2 - 43 7 8z
30 28 2 - 46 10 78
40 30 4 92 51 13 75
60 38 4 89 60 20 67
90 45 4 89 67 29 57
120 52 5 90 71 34 52
180 58 6 90 73 40 45
Mean value 90 Extrapole tot =Omin 95
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From the data of Verlyz, total stereospecificity can be calculated in the case of the
meso compound related to both L. and D-isomers, since no formation of interstrand cross-
-link was observed in the alkylation of DNA with meso-diepoxybutane,

As Table 1, shows, the stereospecificity calculated from the experimental data is not
quantitative but of a high degree.

The different reactivity of optically active and meso compounds can be explained with the
different steric position of the hydroxyl substituents of cross-linkage formed in the reaction.
The cross-links resulted primari ly by the alkylation of N7-atoms of guanine bases in the
opposite strands of DNA contain two hydroxyl groups /Fig.l/.
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Fig. 1.

The first step of the reaction /monoalkylation/ with both DL- and meso-diepoxybutane
takes place without any difficulty., However, in the case of the meso compound, the second
step,that is,the nucleophilic attack of the N’ -atom of guanine on the opposite strand is
inhibited strongly, The inhibition is resulted from the internal pressure between DNA and
the hydroxyl group formed in the monoalkylation and oriented toward the inside of the
nucleic acid /introverted or "7" substituent /., Such a steric hindrance does not come about
in the cross-linking alkylation with optically active isomers, because the hydroxyl group
formed in the monoalkylation is oriented opposite the inside of DNA /extraverted or " u"
substituent/,

The renaturability data of DNA alkylate’d with D. and L-diepoxybutanes are summarized
in Table I, The different reactivity of the D- and L-isomers shows that the DNA has an
asymmetric reactivity in the cross-linking alkylation,

Somewhat lower stereospecificity was found by Verly et al.2 in the first period of the
reaction, using different DNA and reaction medium. The results are very similar after a
reaction time of six hours, However, this period can not v~ compared owing to the differen-
ces in the depurination of DNA treated with L- and D-diepoxybutane and other secondary ‘
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processes, The asymmetric reactivity of DNA is interpreted in terms of the asymmetric
molecular structure of nucleic acid /rightihanded double helix/ for neither the reaction
centre in the macromolecule /N7-atom of guanine/ nor its vicinity shows any chirality,
Fig. 2 shows such neighbouring base pairs between which interstrand cross-link may
come about, The distance between the N’-atoms of G| and G, guanines is remarkably

smaller than that of G 3 and G 4 owing to the helix
+ l structure of DNA, /Fig.3 and Fig.4./ Formation of
B,= == B} an interstrand crosslink containing four carbon atoms
| _ - | will cause distorsion of the native DNA molecule even
?‘— = ?1 in case of linkage between G, and G, while cross-
C,E=E=EG6,; linkage between G 3 and G 4 i entirely excluded,
| e I- B1 = Bl’ and BZE Bé may be arbitrary base pairs.
?F"_"—'?z /A=T, T=A, GEC, C=G./ The steric
H : position of these plays an important role in the
?SE == (Iia asymmet!(‘iic reactivity of DNA in the reaction
T‘: ==¢(, Fig.2 discussed.

In Fig.3 the plane of the base pair Cl-cytos'me and Gl-guan‘me, shown schematically from
top view, is in a position turned by 36° to the right with respect to the plane of the GZ-C2

base pair,
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Supposing that the first step of alkylation takes place on the N/ atom of guanine G, L- and
D-diepoxybutanes give the monoalkylated products shown in Figs.5 and 6, respectively. Stereo-
specificity is explained in terms of the different reactivities of these two intermediates.

Because of the right-handed helix, the plane of base pair G,=C, is twisted by 36° to the
right to that of the Bz“Bév i.e., the BZ“Bi plane is turned by 36° to the left as compared to
G2=C . In the Fig.6 the Ha atom is oriented towards Bé. The orientation of Ilb is opposite
this base /Fig.5/.
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The strain arising betwecn the Bé base and the Ha atom of the monoepoxy derivative
formed from D-diepoxybutane hinders the approach of the epoxide methylene group to the
N7-atom of G2 /Fig.6/, necessary to establish the cross-linkage. Since there is no strain
between the B) base and the H; atom of the monoepoxy intermediate, resulting from L-
-diepoxybutane /Fig.5/, cross-linking occurs here more readily than in the case of the
D-isomer,

The situation is quita analogous if the first step of crosslinking alkylation takes place on
the N7Latom of G,. For steric reasons, in this case the B, base hinders the approach of the
reactive site of the monoepoxy derivative, resulting from the D-isomer, to the N’ _atom of G

The asymmetric reactivity of DNA is the first example in reactions of biopolymers where
the selectivity can be correlated with the secondary structure /right-handed helix/ of the
native macromolecule,

The dicpoxybutanes were prepared in our laboratory from D. and L-tartaric acids with a
slight modification described by Feit~.
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