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10 SEPTEMBER, WEDNESDAY  
 

7:30 – 9:00  Breakfast 

 

09:00   Chryssostomos Chatgilialoglu (Bologna, Italy) 

   Presentation of the COST Action CM0603 “Free Radicals in 

Chemical Biology” 

09:15   Thomas Nauser (Zurych, Switzerland)   

   Redox reactions of the 21
st
 amino acid, selenocysteine 

10:00   Janusz M. Gebicki (Sydney, Australia)  

   Kinetics of oxidation of glutathione and ascorbate by amino acid and 

protein radicals 

10:30   Gerald Hörner (Berlin, Germany)  

   Limiting factors of intramolecular H-atom transfer reactions: steric  

   and kinetic solvent effects 

 

11:00   Coffee break   

 

11:30   Chryssostomos Chatgilialoglu (Bologna, Italy)  

   One-electron reduction of 8-bromopurine nucleosides and excess  

   electron transfer through DNA 

12:15   Marian Wolszczak (Lodz, Poland)  

   Experimental studies of electron transfer within DNA   

 

13:00   Break 

 

13:15   Lunch 

 

14:30    Chantal Houée Levin (Orsay, France)  

Do oxygen free radicals exert a retro-control on  

the production of superoxide ions by NADPH oxidase?  

A radiolysis study  

15:00    Klaus-Dieter Asmus (Poznań/Berlin, Poland/Germany)  

Theoretical calculations and experimental data on spectral,  

kinetic and thermodynamic properties of Se∴N and S∴N  

three-electron-bonded, structurally stabilized σ2σ* radicals in  

aqueous environment  

  

15:30   Coffee break 

 

16:00    Carla Ferreri (Bologna, Italy)  

   Membrane and radiations: formation of trans fatty acids 

16:30    Sylwia Ptasińska 
(Milton Keynes, UK) 

   Low energy electron induced chemistry in dry DNA 

 

18:00   Dinner 
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11 SEPTEMBER, THURSDAY  
 

7:30 – 9:00  Breakfast 

 

09:00   Peter Wardman (Oxford, United Kingdom)  

Pulse radiolysis studies of the chemistry of probes for “reactive  

oxygen species’ and of the enhancement of radiation-induced cell 

killing by nitric oxide 

09:45   Robert Anderson (Auckland, New Zealand)  

   Use of free radical chemistry in mechanistic studies to combat disease 

 

10:30   Coffee break 

 

11:00    Miguel Miranda (Valencia, Spain)  

   Time-resolved studies on drug-biomolecule interactions 

11:45    Israel Zilbermann (Beer Sheva, Israel)  

   Tetrathiomolybdate – a potent drug and radical scavenger 

12:30    Grzegorz Szewczyk (Kraków, Poland)  

   Catalytic generation of oxygen radicals by a water soluble  

Pd-bacteriochlorophyll derivative; EPR, laser flash photolysis and  

time-resolved singlet oxygen phosphorescence study  

 

13:00   Break 

 

13:15   Lunch / End 
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REDOX REACTIONS OF THE 21ST
 AMINO ACID, SELENOCYSTEINE  

Thomas Nauser
*
 and Daniel Steinmann 

nauser@inorg.chem.ethz.ch 

 
ETH Zürich, HCI H 225, Laboratorium für anorganische Chemie, Departement Chemie und angewandte 

Biowissenschaften, Wolfgang Pauli Str. 10, 8093 Zürich, Switzerland 

 

 

Selenium is a trace element for many organisms. There are several human enzymes 

containing selenium in the form of selenocysteine (Sec), which is a cysteine (Cys), where the 

sulfur is replaced with selenium. In the periodic table, selenium is directly under sulfur, Sec 

and Cys will therefore have many common characteristics. For most selenoproteins there are 

also active sulfur analogues known.  

 

The production of Sec and its introduction into peptides is a pretty complex 

biochemical process.
1
 We therefore expect a biochemical advantage of using Sec. An 

obvious one would be kinetics. It has been shown however, that the activity of 

selenoenzymes is about the same as the one of corresponding sulfur analogues.
2
 We have 

started gathering qualitative and quantitative physico-chemical data on selencysteine and 

alkyl-selenides and found, that Sec radicals are much easier accessible that Cys radicals.
2
 

There is a possibility that the difference in the reactivity of selenyl and thiyl radicals may be 

biologically relevant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

[1] Birringer, M. et al, Nat. Prod. Rep., 2002, 19, 693 

[2] Gromer, S. et al, PNAS, 2003, 100, 12618 

[3] Nauser, T. et al, Biochemistry, 2006, 45, 6038 
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KINETICS OF OXIDATION OF GLUTATHIONE AND ASCORBATE BY 

AMINO ACID AND PROTEIN RADICALS  

Janusz M. Gebicki
1,*

, A. Domazou
2
, T. Nauser

2
, and W. H. Koppenol

2
 

jgebicki@rna.bio.mq.edu.au 

 
1
 Deptartment of Biological Sciences, Macquarie University, Sydney, Australia 

2 
Deptartment of Inorganic Chemistry, Swiss Federal Institute of Technology, Zurich, Switzerland 

 

 

The identity of the major initial targets of the partly reduced oxygen species (PROS) 

responsible for biological damage under oxidative stress has not been established. Recently, 

attention has focused on proteins. Proteins are important targets because they form the bulk 

of organic mass of living tissues and react readily with the physiologically significant PROS. 

In the presence of dioxygen, many of such reactions result in formation of reactive 

hydroperoxide groups. In the case of HO
•
, as much as half of the radicals can generate 

protein hydroperoxide groups [1]: 

 

PrH +  HO
•
  →  Pr

•
 + HOH 

Pr
•
 + O2  →  PrOO

• 

PrOO
•
 + (H

+
, e

−
)  →  PrOOH 

 

While the hydroperoxides can propagate the effects of PROS [2], the precursor 

protein radicals may also be capable of causing molecular changes. For these to be 

significant in vivo, the target molecules need have a vital function in cells and to react 

rapidly with the protein radicals. Monohydrogen ascorbate (HAsc
-
) has such a vital function. 

We have measured the rate constants of its reactions with tryptophan and tyrosyl radicals 

generated in insulin, β-lactoglobulin, pepsin, chymotrypsin, and bovine serum albumin. The 

radicals were formed selectively by irradiating the protein solutions with 2 MeV electrons in 

the presence of N2O and N3
−
. Formation and disappearance of tyrosyl and tryptophanyl 

radicals was followed at 405 and 510 nm, respectively.  

 

Free tyrosyl and tryptophanyl radical react with HAsc
-
 at rate constants close to 10

8
 

M
−1

s
−1

. HAsc
-
 accelerated the decay of Tyr and Trp radicals in all proteins tested and 

inhibited any long range electron transfer between these residues. The rate constants for 

repair of tryptophan radicals by HAsc
-
 in chymotrypsin and pepsin were quite similar, with k 

values near 2 × 10
8 

M
-1

s
-1

, while that of β-lactoglobulin was smaller by a factor of 6. 

Reduction of protein-bound Tyr radicals by HAsc
-
 had rate constants between 30 − 40 % of 

that of the free Tyr radical, except in β-lactoglobulin, which was smaller by a factor of 650. 

Trp and Tyr radicals generated in lysozyme by flash photolysis were repaired more slowly 

by glutathione [3]. Our results suggest that in living tissues the reaction of ascorbate with 

protein radicals will be competitive with reaction of dioxygen, while oxidation of glutathione 

will only take place when the ascorbate is no longer present. 

 
 

 

 [1] Gebicki, S.; Gebicki, J. M. Formation of peroxides in amino acids and proteins exposed to oxygen free 

radicals. Biochem J 289 ( Pt 3):743-749; 1993. 

[2] Gebicki, J. M. Protein hydroperoxides as new reactive oxygen species. Redox Rep 3:99-110; 1997. 

[3] Nauser, T.; Koppenol, W. H.; Gebicki, J. M. The kinetics of oxidation of GSH by protein radicals. Biochem 

J 392:693-701; 2005. 
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LIMITING FACTORS OF INTRAMOLECULAR HYDROGEN-ATOM 

TRANSFER REACTIONS. STERIC AND KINETIC SOLVENT EFFECTS  

Gerald Hörner,
1,*

 Gordon L. Hug,
2
 and Bronislaw Marciniak

1
 

hoerner@amu.edu.pl 

 
1
 Faculty of Chemistry, Adam Mickiewicz University, Poznan, Poland 

2
 Radiation Laboratory, University of Notre Dame, Notre Dame, IN 46556, USA 

 

 

The rates of hydrogen-transfer reactions are usually only weakly affected by the 

properties of the surrounding medium. An important exception is noted when a cleavable X-

H bond of the donor is polar; e.g., in amines and phenols. Hydrogen-atom abstractions from 

these donors underlie a substantial retardation in hydrogen-bond accepting solvents like 

alcohols or DMSO. The retardation effect is rationalized in terms of a reversible “masking” 

of the active donor by the solvent and can be quantitatively described by Ingold et al.’s 

Kinetic Solvent Effects (KSE) of intermolecular H-atom transfer.
1,2

 Significant solvent 

effects, i.e., retardation in H-bonding solvents, have been reported also for intramolecular H-

atom transfer reactions.
3
 Since intramolecular H-atom transfer (proton-coupled electron-

transfer) plays an important role in biological systems,
4
 a quantitative description of their 

solvent effects is needed.  

In this contribution the solvent dependence of the H-atom transfer between tyrosine 

and benzophenone is employed to address the intramolecular aspects of the KSE. The 

excited-state dynamics of six differently linked bp∪Tyr dyads have been studied by 

nanosecond laser flash photolysis in up to fifteen solvents of greatly varying properties. The 

results show that, apart of the H-bonding effects, the molecular dynamics of the dyads have 

to be considered. Linear correlations of the observed H-atom transfer rate constants exist 

with (i) the H-bond acceptor ability of the solvents as well as with (ii) the viscosity of the 

solvents. Interestingly, both observed retarding effects of the solvents are superimposed by 

structural effects. These are correlated with the probability of close contacts between the 

reacting groups and, notably, with the electronic overlap between the π-systems of the donor 

and the acceptor.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

[1] D. W. Snelgrove, J. Lusztyk, J. T. Banks, P. Mulder, K. U. Ingold, J. Am. Chem. Soc. 2001, 123, 469 

[2] G. Litwinienko, K. U. Ingold, Acc. Chem. Res. 2007, 40, 222 

[3] G. Hörner, G. L. Hug, D. Pogocki, P. Filipiak, W. Bauer, A. Grohmann, A. Lämmermann, T. Pedzinski, B. 

Marciniak, Chem.-Eur. J. 2008, in press 

[4] T. J. Meyer, M. H. V. Huynh, H. H. Thorp, Angew. Chem. Int. Ed. 2007, 46, 5284 
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ONE-ELECTRON REDUCTION OF 8-BROMOPURINE NUCLEOSIDES AND 

EXCESS ELECTRON TRANSFER THROUGH DNA  

Chryssostomos Chatgilialoglu
*
 

chrys@isof.cnr.it 

 
ISOF, Consiglio Nazionale delle Ricerche, Via P. Gobetti 101, 40129 Bologna, Italy 

 

 

The reactions of hydrated electrons (eaq
–
) with a variety of 8-bromopurine 

nucleosides have been investigated by radiolytic methods coupled with product studies, and 

addressed computationally by means of DFT-B3LYP calculations.
1-6

 The observed behavior 

was defferent depending on the purines. The reactions of eaq
–
 with a variety of single- and 

double-stranded oligonucleotides as well as four stranded quadruplex complexes that contain 

8-bromo-2’-deoxyguanosine have also been studied.
7
 Our results demonstrated that the 

bromo-derivatives are very effective in excess electron transfer and they can behave as an 

ultimate sink for electrons due to the Br
–
 ejection. 8-Bromopurine derivatives were also 

incorporated in a variety of single- or double-stranded oligonucleotides, where the electron 

injection occurs site-selectively from a reduced flavin, and the excess electron transfer has 

been studied in some details.
8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

[1] C. Chatgilialoglu, M. Guerra, Q.G. Mulazzani, J. Am. Chem. Soc. 2003, 125, 3839 

[2] C. Chatgilialoglu, C. Caminal, M. Guerra, Q.G. Mulazzani, Angew. Chem. Int. Ed. 2005, 44, 6030 

[3] C. Chatgilialoglu, C. Caminal A. Altieri, Q.G. Mulazzani, G.C. Vougioukalakis,
 
T. Gimisis, M. Guerra, J. 

Am. Chem. Soc. 2006, 128, 13796  

[41] M. Russo, L.B. Jimenez, Q.G. Mulazzani, M. D’Angelantonio, M. Guerra, M.A. Miranda, C. 

Chatgilialoglu, Chem. Eur. J. 2006, 12, 7684 

[5] P. Kaloudis, M. D'Angelantonio, T. Gimisis, M. Guerra, Q.G. Mulazzani, C. Chatgilialoglu, J. Phys. Chem. 

B 2008, 112, 5209 

[6] F. Boussicault, P. Kaloudis, C. Caminal, Q.G. Mulazzani, C. Chatgilialoglu, J. Am. Chem. Soc. 2008, 130, 

Web Release Date: 04-Jun-2008; DOI: 10.1021/ja800763j  

[7] M. De Champdoré, L. De Napoli, D. Montesarchio, G. Piccialli, C. Caminal, Q.G. Mulazzani, M.L. 

Navacchia, C. Chatgilialoglu, Chem. Commun. 2004, 1756  

[8] A. Manetto, S. Breeger, C. Chatgilialoglu, T. Carell, Angew. Chem. Int. Ed. 2006, 45, 318 
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EXPERIMENTAL STUDIES ON ELECTRON TRANSFER WITHIN DNA  

Marian Wolszczak
*
 

marianwo@mitr.p.lodz.pl 

 
Institute of Applied Radiation Chemistry, Technical University of Lodz, Wróblewskiego 15, 93-590 Łódź, 

Poland,  

 

 

Both experiment
1,2,3

 and theory
4,5,6

  have been applied to determine whether the array 

of π – stacked Watson-Crick base pairs facilitates charge transfer over extended molecular 

distances in the interior of the double helix. The process is important because charge 

migration through DNA plays a crucial role in mutagenesis and carcinogenesis. From a 

practical perspective, understanding of the charge migration process in DNA is important in 

the development of nanoscale electronic devices [6].  

 

In this presentation we report on the pulse radiolysis studies under conditions where 

the electron is captured by DNA bases and subsequent electron transfer to the intercalator is 

observed. The main factors influencing such transfer will be analyzed, namely: the coupling 

of the intercalator into the base pairs stack and the driving force for electron scavenging 

reaction. The intercalator of high electron affinity: 1,4-dihydroxy-5,8-bis[[2-[(2-

hydroxyethyl) amino]ethyl] amino]-9,10-anthracenodione (mitoxantrone) can induce long-

range electron transfer restricted to less than nine base pairs.  

 

To assess the role of the base pairs in mediating electron transfer we have studied 

fluorescence quenching of DNA bound intercalators (anthryl derivatives, ethidium bromide, 

ruthenium complexes) by the quenchers which have quite different interactions with DNA; 

i.e. other  intercalators (e.g. amsacrine, ledakrin) and externally bound compounds (e.g. 

methylviologen). Special attention will be paid to the kinetic models for the description of 

the fluorescence quenching by electron transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

[1] C.R. Treadway, M.G. Hill, J.K. Barton, Chem. Phys., 2002, 281, 409 

[2] H.-A. Wagenknecht, Angew. Chem. Int. Ed., 2003, 42, 2454 

[3] R.F. Anderson, K.B. Patel, W.R. Wilson, J. Chem. Soc. Faraday Trans., 1991, 87, 3739 

[4] J. Jortner, M. Bixon, T. Langenbacher, M.E. Michel-Beyerle, Proc. Natl. Acad. Sci. USA, 1998, 95, 12759 

[5] F.C. Grozema, Y.A. Berlin, L.D.A. Siebbeles, J. Am. Chem. Soc. 2000, 122, 10903 

[6] D. Porath, G. Cuniberti, R. Di Felice, Top. Curr. Chem. 2004, 237, 183  
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DO OXYGEN FREE RADICALS EXERT A RETRO-CONTROL ON THE 

PRODUCTION OF SUPEROXIDE IONS BY NADPH OXIDASE? 

A RADIOLYSIS STUDY.  

M. Gelinotte, T. Bizouarn, L. Baciou, and Chantal Houée Levin
*
 

Chantal.houee@u-psud.fr 

 
Laboratoire de Chimie Physique, UMR 8000, centre universitaire, F-91405 Orsay cedex, France 

 

 

The NADPH oxidase is a protein complex that catalyzes the single electron reduction 

of oxygen to superoxide anion in response to invasion by bacteria, viruses… and/or in 

oxidative stress. It consists in several protein subunits. Four of them (named p40
phox

, p47
phox

, 

p67
phox

 and Rac) are cytosolic whereas two are membrane proteins (p22
phox 

and gp91
phox

) and 

contain the redox components (two hemes and a flavin molecule) and host NADPH during 

functioning. Upon appropriate stimuli, rearrangements of numerous protein-protein 

interactions lead to the translocation of the cytoplasmic complex to the membrane, into the 

active form of the complex.  

 

 

 

 

 

 

 

 

 

 

 

Resting       Activated 
 

In order to study the dynamics of interactions and the functioning of the system, we 

have constructed a “cell-free” system by producing the recombinant cytosolic proteins in our 

laboratory. The membrane subunits are isolated from bovine blood. The functional system is 

reconstituted in vitro in the presence of arachidonic acid acting as an activator, which 

mimicks the cellular activation. The amount of superoxide produced is followed by the 

reduction of cytochrome c.  

We have submitted each component of the system alone in aqueous solution to 

oxygen free radicals produced by gamma radiolysis, and observed that after reconstitution, 

the production of superoxide is always weakened. However if the complete system is 

irradiated during the assembly phase, which takes a few minutes, the production of 

superoxide is either inhibited or slightly boosted, depending on the lag period of assembly. 

The implications of these findings are discussed.  

 

 

 

NADPH NADP+ + H+ 

O2
●

- 

O2 
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THEORETICAL CALCULATIONS AND EXPERIMENTAL DATA ON 

SPECTRAL, KINETIC AND THERMODYNAMIC PROPERTIES OF 

SE∴N AND S∴N THREE-ELECTRON-BONDED, STRUCTURALLY 

STABILIZED σ2σ* RADICALS IN AQUEOUS ENVIRONMENT. 

Sergej Naumov
1,*

, Marija Bonifačić
2
, Richard S. Glass

3
, and 

Klaus-Dieter Asmus
3
  

sergej.naumov@iom-leipzig.de 

 
1
 Leibniz-Institute of Surface Modification, Leipzig, Permoserstrasse 15, Leipzig, D-04318, Germany  

2
 Department of Physical Chemistry, Ruđer Bošković Institute, Bijenička c. 54, HR-10 000 Zagreb, Croatia  

3
 Department of Chemistry and Biochemistry, University of Arizona, Tucson, AZ 85721, USA 

4
 Department of Chemistry, Adam-Mickiewicz-University, Grunwaldzka 6, 60-780 Poznań, Poland 

 

 

 A complementary quantum mechanical and experimental study has been undertaken 

on the reactivity, formation and properties of Se∴N and S∴N σ2
/σ* three-electron-bonded 

radical species, generated upon one-electron oxidation of Se- and S-methionine and 

structurally related compounds. The quantum-chemical calculations were based on Density 

Functional Theory (DFT) Hybrid B3LYP and BHandHLYP methods with basis sets ranging 

from 6-31G(d) to 6-311+G(d,p). Solvent effects, which play an important role concerning 

structure and energy of ground and excited states, were taken into account as dielectric 

continuum as well as explicit water molecules. They fully confirm new and previously 

obtained experimental results concerning the Vis/near-UV absorptions and thermodynamic 

stability. Special emphasis was put on a comparison between selenium and sulfur. The 

calculations clearly confirm the higher thermodynamic stability of the Se∴N radical species 

relative to the S∴N ones, and also corroborate the observed much higher kinetic stability of 

the former. Concerning optical absorptions, the calculations predict the Se∴N transients to 

exhibit a blue-shift by about 20 nm relative to the S-based analogues, confirming the few 

experimental data available so far. The theoretical study includes a comparison of various 

calculation levels and the influence of the solvent environment, also in relation to vacuum, in 

which the transients are generated. New experimental data within the scope of this study 

have been obtained on intramolecularly formed (S∴N)
+
 radical cation moiety, structurally 

stabilized by a rigid norbornane backbone. The methionine-related species, with 

an endo-2-amino, exo-2-carboxyl, and endo-6 methylthio substitution, for example, exhibits 

almost identical optical and kinetic stability properties as the corresponding species from free 

methionine. Its optical absorption depends on the protonation state of the carboxyl group, 

with λmax at 410 nm for the carboxylate (zwitterionic) form and at 390 nm for the overall 

cationic form with the protonated carboxyl group. The short lifetimes with t1/2 of 490 ns and 

2 µs pertain to the decarboxylation of the respective species. A much longer-lived S∴N 

species with t1/2 > 500 µs and 2.order decay kinetics (λmax 465 nm) was obtained from an 

endo-2-anilino norbornane analogue which does not carry a carboxyl group. In conclusion, 

selenium enhances the thermodynamic and kinetic stability of its radical transients, relative 

to the sulfur analogues.  
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MEMBRANE AND RADIATIONS: FORMATION OF TRANS FATTY ACIDS  

Carla Ferreri
* 
 

cferreri@isof.cnr.it 

 
ISOF, Consiglio Nazionale delle Ricerche, Via P. Gobetti 101, 40129 Bologna (Italy) 

 

 

The cis double bond geometry of phospholipid fatty acid chains is an important 

structural requisite for cell membranes. Sulfur-centered radical species are able to isomerize 

the cis double bonds to the corresponding geometrical trans isomers, therefore this 

transformation can be correlated with a radical stress occurring to membrane lipids in the 

presence of biologically relevant S-containing compounds. 

Biomimetic chemistry, using liposome vesicles and selective generation of  radical 

species by irradiation (
60

Co source), allowed the mechanism and products of the 

isomerization to be thoroughly studied and identified. A molecular library of trans lipids was 

also obtained  in order to proceed with the recognition of the damage in biological samples.  

In particular, mono-trans isomers of arachidonic acids showed to be the markers of the 

endogenous radical isomerization process, to be distinguished from the exogenous (dietary) 

trans lipids. 

In vitro studies on cell cultures undergone a radical stress by irradiation showed that 

the trans lipid isomerization occurs, and depends from the characteristic of the S-compound 

used. In vivo studies on irradiated animals also showed the relevance of the trans lipid 

formation in cell membranes.   

 

 

 

 



 17   

LOW ENERGY ELECTRON INDUCED CHEMISTRY IN DRY DNA 

Sylwia Ptasińska
1,*

, Léon Sanche
2
, and Nigel J. Mason

1 

s.ptasinska@open.ac.uk 

 
1
Department of Physics and Astronomy, The Open University, Walton Hall, Milton Keynes, MK7 6AA, United 

Kingdom. 
2
 Groupe en Sciences des Radiations, Département de Médecine Nucléaire et de Radiobiology, Faculté de 

Médecine, Université de Sherbrooke, Québec, J1H 5N4, Canada. 

 

 

Following the discovery that break strand in DNA produced by electrons of less then 

15 eV, occurs essentially via the formation of transient anions [1], extensive theoretical and 

experimental work has been performed to determine the exact mechanism and location of the 

damage. Our experiments have included mass spectrometry and high resolution X-ray 

photoelectron spectroscopy of the basic components of DNA in condensed phases, as well as 

chemical analysis (i.e. agarose gel and high performance liquid chromatography) of products 

resulting from low energy electron bombardment.  

In the present work we propose a model of resonance interaction of low energy 

electrons with DNA [2]. The incoming electron forms first a core-excited or core excited-

shape resonance on one of the nucleobases at an energy close to or above the first electronic 

excitation energy threshold. The transient anion can decay into three channels:  

1. the elastic channel where the electron is reemitted with the same energy;  

2. the electronically inelastic channel which leads to electronic excitation of a 

nucleobase and the release of a vary low energy (0-4 eV) electron;  

3. the dissociative electron attachment channel which fragments the parent molecule.  

The types of DNA damage resulted from all above channels will be discussed at the meeting. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

[1] B. Boudaiffa, P. Cloutier, D. Hunting, M. A. Huels and L. Sanche, Science. 2000, 287, 1658 

[2] S. Ptasińska, L. Sanche, Phys. Chem. Chem. Phys. 2007, 9, 1730 
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PULSE RADIOLYSIS STUDIES OF THE CHEMISTRY OF PROBES FOR 

‘REACTIVE OXYGEN SPECIES’ AND OF THE ENHANCEMENT OF 

RADIATION-INDUCED CELL KILLING BY NITRIC OXIDE  

Lisa K Folkes, Edyta Madej, Kantilal B Patel, Peter Wardman,
*
 and 

Marta Wrona 

peter.wardman@rob.ox.ac.uk 

 
University of Oxford, Gray Cancer Institute, Mount Vernon Hospital, 

PO Box 100, Northwood, Middlesex HA6 2JR, United Kingdom. 

 

 

The widespread use in biology of ill-defined terms such as ‘reactive oxygen species’ 

(ROS) reveals a widespread lack of appreciation of both the identity and reactivity of 

radicals, despite this catch-all phrase appearing in over 5000 scientific papers each year. The 

most widely-used chemical probes for ROS are reduced dichlorofluorescein (DCFH2) and 

rhodamines,
1
 which are highly reactive towards oxidizing radicals such as 

•
OH, CO3

•–
, NO2

•
 

and thiyl radicals (RS
•
) (rate constants k > 10

7
 M

–1
 s

–1
).

2,3
 The reduced dyes are unreactive 

towards O2
•–

 and its dismutation product H2O2, although the latter can serve as an indirect 

oxidant in peroxidase-like catalysed oxidation involving hemes.
4
 A key feature of all 

biologically-relevant oxidation routes is the obligate generation of an intermediate radical 

(e.g. DCFH
•
), which reacts rapidly with O2 (k ~ 5 × 10

8
 M

–1
 s

–1
 for DCFH

•
) to generate O2

•–
, 

i.e. further ROS.
5
 Thus probe response involves a chain reaction. Other probes such as 

lucigenin also generate O2
•–

 by reactions of intermediates with O2.
6
 

Recent studies have demonstrated extreme potency of nitric oxide in overcoming 

hypoxic radioresistance of cells.
7
 Rate constants for reactions of NO

•
 with radicals obtained 

on addition of 
•
OH to pyrimidines and purines are at least as fast as corresponding reactions 

with O2. A stable product, probably 5-hydroxy-6-nitroso-5,6-dihydrouracil, was identified on 

radiolysis of the uracil/NO
•
 system. Other pulse radiolysis studies have shown near 

diffusion-controlled reaction of thiyl radicals with NO
•
.
8
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The role of ubiquinones (UQ), as electron carriers in bacterial and mitochondrial 

electron transport chains is being examined in the E. coli succinate: ubiquinone 

oxidoreductase (Complex II) system.
1 

UQ and their 2-electron reduced form, ubiquinol 

(UQH2), are also chain-breaking antioxidants, reducing lipid peroxidation in mitochondrial 

membranes.
2
 Superoxide (O2

••••−−−−), is the proximal radical produced in mitochondria during 

oxidative stress
3
 and its reactions with endogenous and exogenous UQ/UQH2 depend on the 

environment where interaction takes place. Here we report a pulse radiolysis study on these 

reactions in water, and in solvent systems mimicking the surface and core of the biological 

membranes where UQ is preferentially located in vivo. While O2
••••−−−− is scavenged very rapidly 

by UQ in all solvents (10
8
-10

10
 M

−−−−1
s

−−−−1
), both O2

••••−−−− and the hydroperoxyl radical (HOO
••••) react 

slowly (<< 10
5
 M

−−−−1
s

−−−−1
) with UQH2. In contrast, UQH2 react rapidly with other oxygen and 

carbon-centred radicals, indicating that the antioxidant role of UQH2 is mainly in preventing 

lipid peroxidation, not quenching HOO
••••. 

In addition to the exogenous, mitochondria-targeted UB, MitoQ, which is under 

investigation for its possible use as therapies to decrease mitochondrial oxidative damage in 

human pathologies
4
, we are also studying similarly targeted catalysts to remove 

advantageous O2
••••−−−−. The Mn(II) pentaazamacro-cyclic compounds

5
 show particular promise 

in being low molecular weight superoxide dismutase mimics, with rate constants for 

catalysis of up to 2.4 × 10
8
 M

−−−−1
s

−−−−1
.
6
 Pulse radiolysis studies on the mechanism of action of 

these catalysts will also be discussed. 
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It is well known that a variety of prescription drugs can elicit photosensitivity 

disorders (phototoxicity, photoallergy, photocarcinogenicity) in medicated patients exposed 

to sunlight.
 
These processes are associated with the presence of certain chromophores, which 

are responsible for absorption of the UVA- or VIS-fractions of solar radiation. As a result, 

excited states are formed that may act as photosensitizers, mediating chemical 

transformations of key biomolecules (lipids, proteins and/or nucleic acids). Thus, drug-

biomolecule interactions in the excited states are relevant from the photobiological point of 

view. In addition, many important properties of drugs (including their pharmacological 

activity, transport, biodistribution, metabolism, toxicity, etc.) involve their non-covalent 

binding to specific and well-defined sites of the biomolecules. Given that the photophysical 

properties of most chromophores are highly sensitive to the experienced microenvironment, 

drug excited states are potentially usable as reporters for the nature of the different accessible 

domains in biomolecules. On the other hand, in view of the increasing trend to use chiral 

drugs as their pure active enantiomers, stereodifferentiating interactions between drug 

excited states and biomolecules are highly relevant to anticipate a possible stereoselectivity 

in the pharmacological and/or the toxicological profiles of new candidate molecules. In this 

presentation, some nonsteroidal anti-inflammatory 2-arylpropionic acids and antibacterial 

fluoroquinolones have been selected as representative examples of photoactive drugs. They 

have been submitted to systematic studies of their steady-state and time-resolved 

photophysical properties (fluorescence, triplet-triplet absorption, etc.), alone and in the 

presence of lipids, proteins, nucleic acids or their simple building blocks. The results have 

been compared with those obtained in steady state studies on the same systems. The 

implications of the above findings in the framework of the chemical mechanisms underlying 

photosensitization by drugs, as well as in connection with the potential of drug excited states 

as (chiral) reporters for the binding sites of  key biomolecules, are discussed.  
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Tetrathiomolybdate, MoS4
2−

, is used as a therapeutic agent of the Wilson disease due 

to its capacity to form very stable Cu(II) complexes. Recently MoS4
2-

 was shown to have 

potent antiangiogenic effects and thus to have strong positive anticancer effects in multiple 

animal models and in human cancer clinical trials. All these effects were attributed to the 

copper binding properties of  MoS4
2−

.  

 

It seemed of interest to investigate the radical scavenging properties of MoS4
2−

 as 

these could also contribute to its therapeutic properties. Indeed preliminary results point out 

that the radicals e
−

aq, 
•
OH, 

•
CH3, CO2

•–
 and 

•
CH(CH3)2OH react with MoS4

2− 
in fast 

reactions k ≥ 1×10
8 

M
−1

s
−1

. In these reactions short lived transients are formed. The 

absorption due to these transients disappears in at least two consecutive reactions for all the 

transients studied.  

  

NO another biological relevant radical reacts with MoS4
2− 

as well. Three well 

separated in time reactions are observed. The first two reactions occur on a stopped flow 

time scale and both obey pseudo-first order kinetics with k1 = (4000 ± 800) M
−1

s
−1

 and k2 = 

(1300 ± 250) M
−1

s
−1

 respectively, linearly dependent on [NO]. The third reaction occurs on 

time scale of many minutes, obeys first order kinetics and is independent of  any of solutes 

concentrations, k3 = (1.4 ± 0.3) × 10
−3

 s
−1

.  

While the first two reactions are attributed to two consequent reactions with NO, the 

third reaction is attributed to a rearrangement reaction. Detailed mechanistic studies will be 

presented.  
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Vascular Targeted Photodynamic Therapy (VTP) is a new therapeutic approach, 

which aims at a destruction of pathologic vasculature by temporal generation of reactive 

oxygen species (ROS) that cause rapid occlusion of the blood vessels, through local 

photoactivation of photosensitizing dye molecules. In a standard VTP approach, the 

photosensitizer molecules are activated after being taken-up by the endothelial cells, which 

become impaired by the ROS impact, and thereby initiate thrombus formation and vessels 

occlusion. Using Pd-substituted bacteriochlorophyll derivatives, an alternative approach to 

VTP has recently been developed. The novel photosensitizer molecules stay in the 

circulation until hepatic or renal clearance and thereby enable to fully exploit differences 

between the normal and pathologic blood vessel’s response to the ROS generation impact. 

We have previously shown that the photophysics and photochemistry of a hydrophobic Pd-

bacteriopheophorbide strongly depend on the dye molecule microenvironment. In this study, 

using nanosecond laser flash photolysis, sub-microsecond near-infrared luminescence, EPR-

oximetry and EPR-spin trapping, we monitored the formation and decay of the triplet excited 

state of a new hydrophilic Pd-bacteriochlorin derivative (WST11), and measured its ability 

to generate singlet oxygen and free radicals. Our data show that while in acetonitrile, WST11 

photogenerates singlet oxygen with high yield its ability to mediate type II photochemistry is 

completely lost in aqueous media. However, the observed oxygen photoconsumption in 

aqueous solutions of WST11/serum albumin non-covalent complexes suggests a catalytic 

generation of oxygen radicals with the albumin amino acid residues serving as a primary 

electron acceptor. We postulate that the WST11/SA non-covalent adduct acts as a light 

activated oxido-reductase complex that catalyzes electron transfer from the protein matrix to 

the solvated oxygen molecules and thereby produces superoxide anion.  
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