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ABSTRACT  Connecting with the character of ESR spectra at 77K and calculated LUMOs. HO-
MOs the linear relationship between spin transfer efficiency and molar ratios of nucleotide in DNA to
sinapic acid or sinapine provides quantitative evidence of long range electron transfer within mixed aggre-
gates-
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1 Introduction

A series of mixed aggregates composed of TMP and member of hydroxycinnamic
acid derivatives have been studied by ESR and MO calculations.

ESR, spectra from solid binary system including TMP-caffeic acid, TMP-ferulic acid,
TMP-sinapic acid or sinapine (all with molar ratio 10:1) irradiated and observed at
77K teveal the character (AHpp and g-factor) from radical anion of carboxylic acid.
On subsequent annealing at room temperature the ESR patterns changed to that from
more stable conformations of protectors but no trace signal from 5-thymyl radical can
be found. Frontier orbital energies of hydroxycinnamic acid derivatives calculated by
CNDO/2 method are summarized in Tab.1.

Tab.1 Frountier orbital energies of hydroxycinnamic acid derivatives

Componnd exomo/eV eLumao jeV
Caffelc anid -11.74 1.79
Ferulic acid -11.35 1.89
Sinapic acid -11.27 1.81
Thymine -11.75 2.60

From Tab.1 it is obvious that the EAs {-sLumo) of all the members of hydrox-
ycinnamic acid derivatives are higher than that of thymine but IPs (-egomo) decrease
following the increment of numbers of methoxy substituents. Accordingly, sinapic acid
may be the more effective charge transfer protector and better than caffeic acid and
ferulic acid. Ref [1].
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Both the ESR spectra from mixed aggregates at 77K and the ¢pymos appeared
in Tab.1 demonstrate that long range electron transfer from anion radical of TMP to
protector leads to the effective protection on TMP:

o
CH=CHCOOH(R} CH-CHE
™\ OHR)
TMP + X Y ——e T™MP + X Y
an ol

X=H, Y=0H, OCHs; X=0CH,, Y=0CH;
RZCHQCHzN(CH‘g)gOH, CH3;

2 Mixed aggregates of DNA-sinapic acid

In order to explore the long range electron fransfer within mixed aggregates com-
posed of DNA and sinapic acid a series of binary mixtures with molar ratios of nuclectides
in DNA to sinapic acid varied from 4:1 to 50:1 have been studied by ESR. The g-factor
of a series of mixed aggregates irradiated and observed at 77K reveal predominately
the character from sinapic acid. After annealing at 261K for 5min, the ESR patterns
changed from that at 77K to the composite features composed of major central peak from
sinapic acid and the side signal from 5-thymyl radical with different fraction dependent
on the content of DNA.

Simulation and resolution of the composite spectra from a series of mixed aggregates
are used to explore the radioprotection mechanism in detail.

Suppose the compuosite spectrum can be resolved as the linear combination of single
spectrum from protector (P) and DNA with fraction factor Wp, Wpna respectively, a
series of W, and Wpna from different mixed aggregates have been tabulated in Tab.2,
based on the consistency of simulation and resclution of composite patterns, as shown in

Fig.1 conducted on HP-9835B computer connected with a Varian E-112 ESR spectrom-
eter.

Tah.2 Wp, Wpna from simulation of spectra from DN A-sinapic acid after annealing at 261K

Molar ratio of nucleotide to profector Wona W,
4:1 0.49 1
10:1 0.62 1
25:1 0.91 1
50:1 1.09 1
90:1 1.29 1
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Fig.1 Simulation and resolution of composite spectra fromm DNA-sinapic acid with differeut
molar ratios of nucleotide to protector

(a) 10:1, (b) 5.0:1

For evaluation of spin transfer efficiency Fsr can be used as an index

Esr = W, 9o,
Py,

Where the g, and g, are the weight of single protector and weight of protector
within mixed aggregates in samples within ESR cavities respectively, A series of Egt have
been plotted against molar ratios (R) of nucleotides in DNA to protector varied from
4:1 to 90:1. A linear relationship between Egr and R as shown in Fig.2. demonstrates
that the spin transfer efficiency increase linearly with the decrease of sinapic acid content
and provides quantitative evidence of radiation induced long range electron transfer from
nuclecbase of DNA to electron affinic protector.

On subsequent annealing at room temperature for 5min. a new series of Wpna
Wp were derived from the simulation of composite speetra with different molar ratios of
nucleotide to protector. Then the spin concentration of DNA and sinapic acid radical
have were calculated by computer respectively. The increase of spin concentration of
sinapic acid radical, accompanying the decrease of spin concentration of DNA radical, in
the same mixed aggregate following the annealing to room temperature indicates that
H-transfer repair of DNA radical by sinapic acid could also play an important role at
room temperature, because the two methoxy substituents on benzene ring of sinapic
acid increase the antioxidation activity of phenolic hydrogen supported either by redox
potential determinations of phenolic antioxidants Ref.[2] or egomos appeared in Tab.1.

3 Mixed aggregates of DNA-sinapine

Quite similar to DN A-sinapic acid the g-factors of a series of mixed aggregates with
molar ratios of nucleotides in DNA to sinapine varied from 4:1 to 25:1 irradiated and
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observed at 77K reveal predominately the character from sinapine.

After annealing at 253K for Smin, a series of Wp, Wpna from mixed aggregates
have been derived from the simulation of the composite patterns. A series of Egp have
also been plotted against molar ratio of nucleotide in DNA to protector. An excellent
linear relationship between Fgr and R as shown in Fig.3. also demonstrates that the
spin transfer efficiency increases linearly with the decrease of sinapine content.
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Fig.2 Relationship between Est and R Fig.3 Relationship between Egp and It
(DN A-sinapic acid) (DN A-sinapine)

On subsequent annealing at room temperature the characteristic pattern from 5-
thymyl radical decaied rapidly and disappeared less than 30min, for most of mixed
aggregates (with molar ratios varied from 4:1 to 80:1), while the life time of DNA radical
is longer than 30min and decay slowly after annealing for 30 min.

Accordingly, the rapid decay of DNA radical from mixed aggregates also reveal the
repair of DNA radical by phenolic hydrogen on sinapine.

4 Discussion

Based on our series researches’®4 and the kinetic studies by Miller[>~7) the major
character of radiation induced electron transfer is its strong dependence on exothermiaty
and for larger exothermicity the rate of electron transfer can exceed diffusion controll
limit(>~7. Accordingly, in the case of electron transfer within mixed aggregates of DNA
hydroxycinnamic acid derivatives the dependence on the difference of electron affinity
(AEA) or ionization potential (AIP) predominates,

Another character is that both the electron donnor and acceptor induced by radia-
tion to their excited states are always benefictal for long distance charge and excitation
transfer. Furthermore in the solid binary mixtures composed of DNA and aromatic
hydroxycinnamic acid derivatives the two components can form stacked arrays through
good overlap of electron cloud of DN A bases and the benzene ring of hydroxycinname acid
derivatives. Thus within the above mixed aggregates electron transfer occur substantially
over long distance.
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