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Cell cultures of NTera-2 cells incubated with ble@mmyand liposomes as biomimetic models of cell membs were used for
examining novel aspects of drug-metal induced nggctwith unsaturated lipids under oxidative cotnafis. In cell culture,
bleomycin was found for the first time to cause fibrenation oftrans fatty acids. The chemical basis of this transfdromawas

w0 ascertained by liposome experiments, using bleamiyoh complexes in the presence of thiol as reuwagent, that by
incubation at 37 °C gave rise to the thiyl radicatiatysed double bond isomerisation of membranepitaipids. The effect of
oxygen and reagent concentrations on the reactibcome was studied. An interesting scenario of fisdical reactivity is
proposed, which can be relevant for the role of rame lipids in antitumoral treatments and drugieamteraction.

isomerisation of unsaturated fatty acid residues (i
Introduction blue colour).

s The glycopeptide antibiotic bleomycin (BLM), usegr So far, the molecular basis of the drug activitg ar

in chemothera;l)ly aggindstkneclzk, hhead ar;]d test:cu 3bcused on DNA damage especially at mitochondria
cancers as well as Hodgkin lymphoma, has a l0NGraye|  determining pulmonary side toxicityand
studied mechanism of action, based on the format'opnotivating interest in possible antioxidant

of a complex with metals, such as iron, which undefqmpinationd On the other hand, redox-based
 aerobic conditions generates reactive 0xygen specie,niisxidants, such as thiols, are known to incréhse
(ROS) thus causing DNA damage. Figure 1 rug effectiveness, their effect being explainedtsy
summarizes the BLM behaviour in the presence OEecycIing of BLM-Fe(lll) to BLM-Fe(ll) (see Figure
Fe(ll) and Q, to produce activated forms of the drug 1) 9" pring the reductive process the production uf
and hydroxyl Tradicals® In the presence of thiyl radicals can occur, which are known to react
= polyunsaturated  fatty acids  (PUFA) _ their ith double bonds and catalyse the isomerisation or

consumption via peroxidation is known to octdf. e patural cis unsaturated fatty acids to the
\ / Cis-trans corresponding geometrictdans isomers (see Figure

Cat:\‘\/,_\ fatty acid | 1, blue colour). This reaction can involve

RS isomerisation monounsaturated fatty acids (MUFA) and PUFA and

% \ e 1S particularly relevant in biological systems, whe
BLM-FR(II)-SR BLMFe(l) =— BLM+Fe)sall  affecting membrane lipidS.It is not known whether
+RSH ‘0 lipid isomerisation is connected with the effects o

BLM-Fe(It) z metals and generation of reactive oxygen specis tt:

cause cell death. The perturbation produced by the
_ _  unnaturaltrans geometry to membrane properti
HO* radical production is a dramatic event for the eukaryotic cell surkilta
PUFA - otential as a strategy for antitumoral activity imet
PUFA consumption p )% ¥
yet been evaluated.
: o . It is worth noting that drug-metal complex chenyistr
«Fig. 1 Reactivity pathways of the BLM-iron o.qides efficient catalysis for C-H activation ana
complexes with unsaturated fatty acids. In th(igzc oxidation’” whereas the reactivity towards
presence of oxygen, drug activated forms anQy,,ple honds and the isomerization represent new
hydroxyl radicals can be formed and produce PU'.:Aaspects to be developed.
consumption; in the presence of thiols, the reducti ager our preliminary experiments evidencing_the

«of Fe(lll) to Fe(ll) occurs with formation of thiyl ; ; :
radicals, which can catalyse tbis-transdouble bond trans fatty acid formation by bleomycin treatmet,

5 drugactivated forms-«*— BLM-Fe(l)-O;
-
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we thought to apply an original chemical biology 18:2 content, together with momians arachidonic
model for the investigation of the drug-inducedacid isomers’ reaching ca. 2% of the total 20:4
chemical reactivity by combining the data of thé ce. content.
culture experiments with biomimetic chemistry in The formation oftrans isomers was not known
sliposome vesicles. Our aim was to furnish apreviously in the mechanism of action of antitunhora
comprehensive scenario of the drug behaviour witldrugs, and it is worth underlining that membrapélli
membrane fatty acids. Here we report the fattysacidreactivity with change of naturally occurringis
of human testicular cancer cell membranes (NTeras2geometry is a new aspect of the free radical-based
incubated with bleomycin under standard conditionsantitumoral drug effect. Other details connectethwi
o paralleled with those forming liposomes underthe fatty acid transformations are reported in
similar incubation conditions. Using liposome madel Supplementary Information, which showed also a
more detailed chemical information could be profound membrane lipid remodelling with change of
gathered varying the reaction conditions, for thethe membrane fatty acid asset.
oxygen, drug and thiol concentrations. We anti@pat This behaviour inspired a biomimetic chemistry gtud
s that bleomycin-induced thiyl radical reactivity was in membrane models, constituted of liposomes
discovered causingis-translipid isomerization, and containing MUFA and PUFA residues, using
the chemical behaviour of membrane lipids inbleomycin as complex with iron and a reducing agent
liposomes helped to understand also the outcomesisuch as thiols, to create the recycling of the xedo
the cellular model. state of the complexes, which is at the basis ef th
activity as depicted in Figure 1.
20 Results and Discussion
Set-up of the liposome experiments
so Unilamellar liposomes (Large Unilamellar Vesicle by
Cell cultures » _ extrusion technique, LUVET) were designed since
The fatty acid composition of human testicular @nc ey represent the best biomimetic model for
cell membranes (NTera-2) was examined before anﬁs:vestigating cell membrane phospholipid behaviour.
safter 24 h incubation with bleomycin. To our gyperiments were carried out with liposomes of two
knowledge, there is only one study on the fattyl agi gifferent lipid compositions at 1 mM concentration:
composition of this cell typ€, and the fatty acid "the first one made of the synthetic phospholipid, 1
profiles of testicular cancer cells in response t almitoyl-2-oleoyl phosphatidyl choline (POPC),
antitumoral drugs are unknown. Bleomycin was useQyhereas the second one made of natural
wat the 1G, dose of 400ug/mL. Details of the phospholipids such as soybean lecithin, containing
incubation and fatty acid composition of cel| gifferent percentages of saturated, mono- and
membranes are given in the Materials and MethOdﬁolyunsaturated (MUFA and PUFA) fatty acids (see
section as well as in Supplementary 'nformat'on-Supplementary Information).The reactivity of
Briefly, after incubation cells were thoroughly ynsaturated fatty acids, studied by us in othei
swashed in order to obtain samples of 4k@lls  piomimetic models in the presence of thibi&?2can
suspended in phosphate buffer, followed hyjnyolve MUFA and PUFA residues: the MUFA
membrane phospholipid isolation, transformation Ofmoiety of oleic acid (6is-18:1) is not so prone to
the fatty acid residues in fatty acid methyl estergyyjgation as PUFAs are, whereas it can be the ttarge
(FAME) and gas chromatographic (GC) analysis, iNof the thiyl radical catalysed-isomerisation, being
worder to examine the fatty acid m0|et|e§ detachegransformed into elaidic acid f@ns18:1). On the
from the phospholipids by known methdds: wother hand PUFA residues of soybean lecithin
Table 1 shows the fatty acid residues found iNjposomes can be partitioned between oxidative and
treatedversuscontrol cells. Results are reported asigomerisation pathways. In particular, linoleic caci
percentage of fatty acids over the total fatty acidgcjs 12cis-18:2), which is the most representative
s content and as means + sd with statistical signie  pyFA in the lecithin (17.5% of the total fatty acid
percentage ofrans MUFA isomers fans16:1 and jsomers:  @anslcis-18:2,  @isl2trans18:2,
trans-18:1), identified by appropriate librari€%"  giransi2trans18:2, which can be clearly separated
was found, equivalent to a 24% isomerisation of thqay GC analysis (see Figure 3s in Supplementary
correspondin@is-MUFA (cis-16:1 andcis-18:1) was ,,, mechanism of bleomycin, as depicted in Figure 1,
correspondently observed. For the omega-6 PUFAqnq we measured it by fatty acid consumption after
p<0.05) was also accompanied by thens PUFA  ggtyrated fatty acid residue of palmitic acid
ssiIsomers formation, identified as motans linoleic (hexadecanoic acid, 16:0). This fatty acid is pnese

acid isomers; (see Supplementary Information,,in hoth POPC and soybean liposomes and can act as
Figure 3s) reaching ca. a 20% isomerisation of the
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internal standard, being unreactive under freeceddi different from the control, p<0.001
conditions. MUFA and PUFA vyields were calculated
from their peak areas in the GC analysis, whidhés In the liposome model design 2-mercaptoethanol was
gold standard for fatty acid quantification. Cohtro chosen as the thiol for its amphiphilic character,
s experiments included also the liposome reaction .iorder to diffuse freely in the heterogeneous
the presence of the metal-thiol complex withoutenvironment of liposome suspension and interact
bleomycin, in order to better estimate the drugwith the membrane compartment. Other thiols, such
contribution to lipid reactivity. as cysteine, glutathione and N-acetylcysteine, were

. N used in comparative experiments under aerobic
o Table 1 Membrane fatty acid composition of NTeraz conditions to estimate the effect of different jtiam
2 cells (reported as fatty acid methyl esters (FAME coefficients (see below).

% rel. + sd) incubated for 24 h with bleomycin (at The bleomycin-iron complex was prepared as

ICs0 = 400ug/mL). described in the literatuf@ directly in the liposome
suspension, briefly by adding bleomycin sulphate,
. s ferrous ammonium sulphate each) and thiol
FAME *° Control (n=8) Bleomycin (h=6) at the desired concent?ation E]ig/land 12I!£D) to the
14:0 24+04 1.3+0.1* vesicle aqueous suspension (1 mM), keeping the tect
16:0 28.0+0.7 271+1.7 tubes under controlled aerobic conditions (mixture
rans-16:1c 014004 0.3 £ 0.9% with nitrogen at 5, 10 and 20% oxygen) or under

ssnitrogen (0% oxygen). The concentration of

Gois16:1 20£05 0.8+0.04* bleomycin-iron complex was chosen as the onc
9cis-16:1 1.4+04 0.5+0.04* reported in lipid peroxidation experiments of
18:0 35.8+509 50.4 + 0.6% chemical and biological models. The steps of
: ek formation of the iron-drug complex with oxygen, and
gtre,mSlS'l 012003 22211 «the role of thiol (RSH)gWith 'E)he formatio)ag of the
cis-18:1 15825 6.8+0.6" Fe(lll)-bleomycin-thiol complex occur as depicted i
11cis-18:1 43107 21+0.1* Figure 1%° UV-vis spectra were carried out to
mono-4rans 18:% 0.3+0.3 0.1+0.0 ascertain the formation of the absorbance banteof t
18:2 6 0.7+0.2 0.4 + 0.05* BLM-Fe-SR complex at 580 nm, as described in th2
20:0 0.8+0.3 1340.02% « literature (see Supplementary Informatidn).
20:1 0.9+0.2 2.4+12 MUFA-containing vesicles
20:3 06 0.4+0.1 1.5+0.9* The results for the reaction of POPC vesicles ar-
mono-rans 20:4 0.04 +0.03 0.1+0.03 summarized in the graph of Figure 2 (green anceviol
20406 6.842.2 3.4+0.1% w bars). Thetransisomer formation was detected after

24 h incubation with 1M bleomycin-iron(ll) salt

) and 10pM 2-ME at 37 °C, under the three different
The values are reported as relative percentage (Yoxygen concentrations used (20%, 10% and 5%). Tha
rel) of the total fatty acid peak areas detectedh@  BLM-iron-thiol triad caused lipid isomerisation,
GC analysis (recognition > 98% of the peaks). Theinversely correlated with the oxygen presence. Fcr
values are given as mearsd. n is the number of the €xample, in POPC liposomes oleic acid isomerisatior

otests repeated. Statistical comparisons wergVent from ca. 27%rans isomer formation with 5%
conducted using the SPSS software, version 13@xY9en to ca. four-fold less in the presence of 20%-

(Chicago, IL), using t-test for group comparisons.oxygen' The same experiments were run withou:

o A - & bleomycin, in order to define the contribution obig
Statistical significance was based on 95% Conf'dencreactivity to the lipid isomerisation. When onlyeth

limits (p<0.05). Comparison of the non-parametric jron-thiol complex is present, a decisive decrease

»s data among the groups was performed using Mannthe isomerisation efficiency occurred, which remsain
Whitney U test. inversely correlated with oxygen concentration. I
% FAME (fatty acid methyl ester) were determinegthis caseransisomers were formed in POPC in thi:
performing membrane phospholipid extraction, range of 5%-1.2% going from 5% to 20% oxygen
derivatization, and GC analysié.The identification  (Figure 2). Comparing the presence and the absenc

» Of the peaks was performed using authentic sanfplesof the drug under the same oxygen conditions, a 5.5
The sum of the geometrical isomers is consideredp 7-folds decrease of isomerisation can be obderve
i.e., 6-trans and 9-trans for 1624 9cis,12trans-18:2 « Therefore, bleomycin gives a substantial contrinuti
and 9trans,12cis-18:2 for 1879 the four mono-trans to the generation of thiyl radical species arghs
isomers of 20:4’ * Values significantly different fatty acid formation under aerobic conditions.

s from the control, p<0.05. *** Values significantly It is worth noting that the isomerisation of double

15
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bonds requires catalytic thiyl radicals, so thatfactors altering the drug activity vivo.
appreciable quantities dfans isomers are formed«In POPC vesicles the efficiency of other thiol
also at very low radical concentratibhFor this compounds was also tested (data not shown).
reasontrans lipids can be used as sensitive markersCysteine and glutathione, which are hydrophilic
s Of thiyl radical generation in complex systems.rgsi thiols, did not affordransisomer. This can be easily
the palmitic acid moiety of phospholipids as inrn explained on the basis of no thiol partition in
standard, it was also possible to ascertain that thmembrane bilayer, as already reportedhe less
molarity of the 18:1 substrate did not change ftben  hydrophilic N-acetylcysteine (10 and 10QM
initial one (1 mM), showing that no MUFA concentrations) gave a low but detectalttans
10 consumption occurs by oxidative process under ouisomer formation after 24 h of incubation (up t4%-
experimental conditions. trans 18:1, data not shown). These results are
wintriguing, when paralleled with the cell models

30 | poPC showing an efficient formation dfans isomers in

10uM [BLM-+Fe(ll)+RSH] NTera-2 cells treated with bleomycin and without
15 25 - Lo Ot [Fe(lly+RSH] specific thiol addition. These results suggesthfert
M10uM [BLM+Fe(ll)+RSH] investigations toward the individuation of possible

20 B10uM [Fe(ll)+RSH] = biological candidates for the generation of thiyl

radicals by drug interactian vivo.

20 10 - MUFA- and PUF A-containing liposomes
Liposomes were also prepared with soybean lecithin
51 I I soand used for analogous experiments with bleomycin.
5 10 20

In such MUFA and PUFA-containing liposomes the
oleic and linoleic transformations to the
2 oxygen, % corresponding geometrical isomergrgds-18:1 and
trans18:2 isomers) were followed-up, estimating also
s the PUFA consumption by oxidative degradation (see
Fig. 2 Trans18:1 isomer formation (% rel., see Table Figure 3s in Supplementary Information). The BLM-
1s in Supplementary Information) in POPC oriron-thiol triad, each at 10uM concentration,

s lecithin vesicles treated with 1M Fe(ll) and 10uM producedrans 18:1 isomer (for example, ca. 8.5% at
2-mercaptoethanol in the presence or absence & oxygen; see Figure 2, red bars). In these
BLM, under variable oxygen concentrations andexperiments PUFA content strongly diminished after
reagents. The meansd values were calculated from the first 2 h incubation (consumption >92%, not
triplicates of the same experiment (see Table 1s ishown), thus isomerization of linoleic acid resislue

s Supplementary Information). was not detectable. The PUFA oxidative pathway

depicted in Figure 1 is clearly operative. Further
The effect of thiol concentration, which in livings experiments were carried out to evaluate the rofes
organisms can reach mM concentrations, was assayéteomycin and oxygen in the reaction outcome.
by increasing 2-ME by ten-folds (1QM), keeping Under aerobic conditions and in the absence of

«the presence of BLM-Fe(ll) at 0M concentration bleomycin, PUFA consumption generated by metal
each (data not shown). Under this condititlans  and thiols was always high (>91%), whereas the 18:1
isomer formation in POPC vesicles dropped (ca 3w/isomerisation was less efficient (for example, 4a.
1.1% depending on the oxygen concentration). On th8% at 5% oxygen, see Figure 2, blue bars).
other hand, in the absence of bleomycin, theThe role of oxygen was exploited under anaerobic

s increased concentration of thiol (1QM) in the  conditions (with nitrogen at 0% oxygen) in lecithin
presence of 1M Fe(ll) in POPC vesicles produced liposomes treated with different conditions of drug
a higher isomerisation percentage (ca. 7.64#80s .sand thiol, and the results are reported in Table 2.
isomer depending on oxygen concentration).After 24 h incubation with 1QuUM drug-thiol-iron
Therefore, in MUFA-containing liposomes the triad, the formation oftrans MUFA and PUFA

so isomerisation process under aerobic conditions wasomers (ca. 2.5% each) was observed, and wes
more effective with the drug and 1AM thiol coupled with PUFA consumption of ca. 14%. The
concentrations (see Figure 2), than with a highiet t .. sSame experiment repeated without bleomycin, with
concentration, which is even insensitive to BLM. thiol-metal complex, led to an even lower
Obviously, in the absence of thiol no isomerisationisomerisation (<1%) and no PUFA consumption.

sswas detected. The reasons of this behaviour and tH&rom these experiments it can be highlighted that
connection of bleomycin reactivity with the var@ti  bleomycin is the responsible of PUFA consumption
of local co-reactant concentrations are matter .8hlso when oxygen is absent. The effect of highiet th
further work, also in view of an extrapolation to concentration was tested with 1A concentration

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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and Table 2 shows that under anaerobic conditionsorresponding FAME. For the isomer recognition see
the PUFA reactivity is almost similarly partitioned, Table 1.°The PUFA consumption is calculated by

between isomerisation and consumption, Withysing the linoleic acid GC peak areas (cis + trans

comparable results in the presence and absenbe of tisomers) before and after 24 h incubation calibcate

=drug. Therefore, at higher thiol concentration thevs. palmitic acid used as the internal standarde(se
BLM effect for isomerisation can be considered

negligible, whereas the system ensures that thiygupplementary Informat_lon). *See Figure 4s o
radical generation occurs for the consistent foionat = SUpplementary Information for the GC analysis
of trans 18:1 and 18:2 isomers. relative to the identification of each trans 18:2
»A more detailed study was carried out on theisomers. **See Figure 5s in Supplementary
structure of the fatty acid isomers produced in thednformation for the identification of thiol-linolei
experiments reported in Table 2. It was gratifying acid adducts in the reaction mixture.
see that the threteans 18:2 isomers were formed ing,
the liposomes at different percentages and in the
s order: Qrans12cis > 9trans12rans > 9cis,12rans Conclusions

This shows that the isomerisation occurs as : T
regioselective process, which is expected a%h? general aim of our study was to get molecula,
consequence of the supramolecular arrangement §§Sights of the drug-metal complexes acting via fre
faty acids in the bilayer (see Supplementaryradical production, examining a well known g
»» Information, Figures 3s and 4): & Chemotherapeutic agent, such as bleomycin, ar
In anaerobic experiments the PUFA consumptiorfOnsidering — the — novel ~aspect of membranc
(reaching 60% at higher thiol concentration), notunsaturated lipid reactivity via double bond
attributable to oxidative processes, was alsgsomerization. Although bleomycin-iron complex is
preliminary investigated examining the crude reacti eported to interact with c_elI_membrégines by &
mixture. The phospholipid extract was transformegfluorescent probe technique in intact cellshis is
into the corresponding FAME derivatives andthe first report that highlights membranes as a
analysed by GC/MS under appropriate conditions'elevant site of drug activity other than DNA to be
The presence of thiolinoleic acid adducts was€xplored.

ascertained by comparison with reference compoundgSing cell and liposome models, it was observed tha
» (see Supplementary Information, Figure s). 51N both cases under aerobic conditions MUFA an/

These results indicate an intricate reIationshipPUFA residues partitioned between isomerisation an?
between the drug and thiol compounds to befonsumption processes, with the only difference thi.
extrapolated to the variability of drug effectivese [N living cells the final fatty acid composition &n

under different nutritional and oxygen conditions, &fféct of the phospholipid remodelling process

that can influence the response of cancer tissues. * associated to oxidative streSs. .
As chemical biology model for antitumoral strategie

Table 2 Reactivity of 18:1 and 18:2 residues and'iPosomes highlighted the role of cell membranes,
PUFA consumptionin lecithin liposomes under Which are not spectators but important targetshef t
anaerobic conditions (nitrogen with 0% oxygen)drug effect, with synergic roles for chemotherajeut
wincubated for 24 h at 37 °C with 1M Fe(ll) salt, * effects. Indeed, fatty acid recruitment and memérau.
and in the presence/absence of bleomycin (BLM) andPrmation attract a lot of interest in cancer, amthis
2-mercaptoetanol (2-ME). The mean sd values COntext the loss of the naturals geometry and the
were calculated from triplicates of the sameOxidation-induced lipid remodelling are worth of

experiment. deep_er stud!es in antitumoral strategles_. Furthmmo
«the interaction between drugs and lipids can b:
Trans Trans PUFA suggestive of novel aspects of chemical reactiaty
BLM 2-ME : . . ; . : g
M M 18:1 18:2 consumpt. liposome carriers when circulatimg vivo.
[l [l 0p2 052 *%b
10 10 23+0.1 2+0.2 14 +0.2 _
Materials and methods
0 10 09+01 07%0.1 0 _ o
s The materials and general methods used in this work
10 100 30.4£09 41.2+08  652+0.7 gre described in Supplementary Information.
0 100 41.4+10 466+0.8  623+0.9

Cell cultures, membrane phospholipid extraction
a _ _ and fatty acid analysis

Each trans isomer is reported as percentageéNTera-2 human testicular germ cancer cells wera
relative to the sum of the corresponding cis aes$r  cultured in Dulbecco's Modified Eagle's Medium
isomers found as peak of the GC analysis of thDMEM) supplemented with 10% heat-inactivated

45
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fetal bovine serum (FBS), 100 units/mL of peninilli for the work-up. Work-up was carried out as already
and 100 pg/mL of streptomycin in a 5% £Osreported in order to obtain the corresponding FAMESs
atmosphere at 37 °C as described in the manuhkkof t examined by GC for theis-transisomer content’"*®
cell line bank. We used the half maximal inhibitory To apply different oxygen concentrations, the
s concentration (16y) of bleomycin (40Qug/mL) for 24  appropriate mixtures nitrogen:oxygen containing 5%,
h incubations, determined in our previous studies a 10% and 20% oxygen were obtained by regulating
published?® s the flux by a precision gas blending apparatus. The
After incubation cells were detached usingatmosphere was kept during the 24 hrs incubation
accutase, thoroughly washed with phosphate buffeperiod by attaching a balloon (wall thickness 12)mm
wand pelleted by centrifugation at 14,0@08r 40 min  filled with the appropriate gas mixture to the teat
at 4°C after adding water. The pellet wasvial. Under similar conditions also blank experingen
resuspended in pure water and centrifuged forwavere carried out. Figure 2 and Table 2 report the
second washing, then, dissolved in 2:1results of all experiments. Palmitic acid as théanma
chloroform:methanol to extract phospholipids. Thesaturated fatty acid residue in the vesicle wasl ase
1s phospholipid extract was treated with 0.5M KOH in an “internal” standard, in order to obtain quarniti&a
MeOH for 10 min at room temperature to convertinformation of the reaction vyields. PUFA
fatty acid residues of phospholipids into thei consumption was calculated by quantitating linoleic
corresponding fatty acid methyl esters (FAME). Afte acid, based on the calibration of its GC peak area
this transesterification step, FAMEs were extractedusing palmitic acidas internal standard, at the
2o With n-hexane, and analyzed by gas chromatographipeginning and after incubation (see Supplementary
(GC). Fatty acids (includingis and trans isomers) Information).
were identified by comparison with standard
references used in previously reported stutliés. Acknowledgements
Fatty acid compositions are calculated as relativdrhe authors wish to acknowledge the support for
s percentages over the total fatty acid content andheir exchange visits and meetings given by the
reported as meansSD of a number of repetitions as COST Action CM1201 “Biomimetic Radical
indicated in Table 1. Statistical comparisons we#gChemistry”. AC was recipient of the STSM grants
conducted using the SPSS software, version 13.om the COST Action CM0603 “Free Radicals in
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s Liposome experiments
Preparation of Large Unilamellar Vesicles by Notes and references
Extrusion Technique (LUVET) was carried out with , Akden N dical | ochemi
1-palmitoyl-2-oleoyl phosphatidylcholine (POPC eniz University fedical Faculy, Department iochemisty,
Avanti Lipids) and with phospholipids from soybeaﬁ EV“S“;';J’.'C”S{@fﬁxiﬂon;iﬁﬁggkdﬁfggduﬁ}”ta'ya’ Turkeymedk
w lecithin éSigma-Aldrich, Milan), as described ® Institute for the Organic Synthesis and Photorivity; Consiglio
elsewher _7'1 The LUVET stock suspensions (70 Nazipnale delle Ricerche, Via_Piero Gobgtti_lOllzm_Bologna, Italy;
mM) were transferred in a vial and stored at 4 6€ f &mail-anna.sansone@isof.cnr;itarla.ferreri@isof.cnr.t .
. .100 ¢ Departamento de Quimica Organica, Facultad de Faia y
a maximum of 2 weeks. From a stock SOIUtlonBioquimica, Universidad de Buenos Aires, Junin @841113, Buenos
prepared as LUVET suspension (70 mM aires, Argentina; e-mailsbaratavallejo@ffyb.uba.ar
s phospholipid content) an aliquot (148L) was ¢ Institute of Nanoscience and Nanotechnology, Mati€enter for
transferred in the reaction vial and tridistilleciter Scientific Resqarch “Demokritos”, Patriarchou Gregnu Street, 15310
was added to obtain a 1 mM phospholipi é%ﬁaiﬁri?:;ﬁl@ﬁzeg;n%Lerﬁgs;q?malI:
concentration (total reaction volume 1 mL). To the™ ' '
liposome suspension the bleomycin-iron complex (10
soc MM each) and the thiol (in 1uM or 100 uM t Electronic  Supplementary Information (ESI) availa See
concentration from stock solutions of 2 DOI10.1039/b000000X
mercaptoethanol, or other thiols such as cysteére, 3. Chen and J. Stubléat. Rev. Cance005,5, 102-112.
acetyl-cysteine and glutathione, prepared in; s wm.HetchJ. Nat. Prod, 200063, 158-168.
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