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Abstract '

An ESR:- study was performed on syetems_ compeosed by
Bovine Serum Albumin andL synthetic melanin (melanin/BSA
welght ratio between 0.5 and 5%) bDue to the interaction witn
the protein, both the intensity_ahd the saturation behaviocur
of the melanin ESR signal changed, suggesting a shift of the
ox-red equilibrium of @ the intrinsic semiquinone: free-

‘radicals. The number of X-ray induced free-radicals in the

protein is reduced by the binding with melanin, suggesting
the accurrence of energy or radical transfer from BSA toward

'.“the‘pigment. After irradiation at 77K, the radical eveolution

with:' increasing temperature lgads to ESR spectra showing
almost. only the melanin singlet. These data are compared
with;the results abtained with irradiated pure.melanin and
nelanosomes, . and- interp:eted on the hases of a

. radicprotective property of melanin at molecular and

subcellular level.




INTRODUCTION

Melanlns or ‘melanosomes. 1ns1de the cells are 1n an .

.envxronment contalnlng ‘many  different macromolecules
including protelne. Melanosomes theirselves have a high
protein.content.. It has been observed that the presence of
proteins_f may . alter;' electron transfer properties - of
eumelanins: [17F and - pheomelanins [2]. More recently,
.increasing. attention has  been devoted to the interaction

between. melaning .and dyes llke porphlrlns [3} ou neurotox1c:

-metabolytes £4} These observatlons .suggest the possibility
that the functlon of the plgment at cellular level could be

thought in terms of its 1nteract10n with other cellular_
componentsr In th;s sense it has been observed for example

that there is a decrease. in radiosensitivity of melanized
cell cultures when. compared to unmelanized ones. [5,6]. In
order to attain a better understanding of radlatlan effects

on- plgment-proteln complexes, we performed investigations on

model systems. composed of synthetic melanin obtained from
autoxidation‘of_L—dihydroxyphenylalanine (L-dopa} -and Bovine

Serum.- Albumin- (BSA)., - ESR'spectroscopy has: been used to
monitor the melanin intrinsic. free radicals and- their

variations resulting from interactions. with BSA as well as
new radicals induced by X-ray irradiation.

© MATERIALS. AND METHODS .

- Samgle- preparation. . Synthetic autoxidized L-~Dopa

melanin. (referred in the following simply as melanin) was

brepared by autoxidation of L-dopa (Merck, Darmstadt) at pH

9.0 in the. presence of ‘NaOH; . followed by dialysish Powder

was obtained after drying the final black suspension in air

at 40° C. The synthetic melanin thus obtained was rather

soluble in water at concentrations lower than 30 ug/ml and
PH greater than 6.0. BSA from Sigma Co. (5t. Louis, MG, USA)
was utilized without additional purification. Aqueous
solutlons of BSA and melanin (melanln/BSA WElght ratlo
between 0.5 and 5%} were prepared w1th bldlstllled water and
dried in air at 40° c. The powder was pressed and put in ESR
sample tubes that were sealed in vaccun (less than 1073 anm
Hg). All experlments were done w;th dry material.
Melanosomes were 1solated from bovine eye choroids

‘fellowing the methods described by Cope et al [7]. Tsolated

and purified melanosomes were llophyllzed and sealed under
vacuum in ESR sample tubes. '

Samgle irradiation. Sealed samples were irradiated with
a'Phllllps X-ray “tube operatlng at 80 kv peak and 15 ma,
keeping equivalent irradiation conditions for all
samples The . exposure rate, corrected . for the quartz tube
absorption, was 520 Roentgen/mln or 2.2 x 10 =3 c. kg 1.s71,
Irradiations were performed at RT and LNT. ' '

ESR meagurements. ESR spectra were obtained with a
Varian E-4 - spectrometer _operatlng in the ¥X-band at
temperatures ranging from 120K to 300K.

-Progressive Saturation. . The dependence of ESR signal
intensity on the excitatioh mlcrowave power was monltored by
progre531ve saturation measurements. ‘The melanln ESR signal
shows inhomogeneous. broadening characterlstlcs and in this
case, as developed by Castner [8], Bowman {9] and Rupp[lo],
the signal intensity IESR can be related to the microwave
power P through

Vs L T L L
Toen @ - . '
ESR . (1)
(T + P/P )b/2 S B
In: thls relatlon b 1s the S0 - called 1nhomogene1ty parameter
and. P is the value of mlcrowave power such that the

1ntens;ty of the signal with lnhomogeneus broadenlng is half

of the value that would be attained 1n the absence of

saturation.




RESULTS -

Unirradiated samples..

“ESR: spectra. were- obtained for the- follow1ng samples:
melanln, melanin-BSA complexes; ' melanosomes. AlL samples
showed: the typical melanin free radical - signal, without
hyperfine: structure and with g-values between 2.0030  and
2.0037:  binewidth, measured "as- peak-to-peak width in- first
derivative: curve, ranged between: 4.5 and 5.0 G. The
melanosome  signal was the -largest: and more assymetric one;
in- a blank test BSA, as expected, did net show any ESR
signal. i

For -melanin-BSA complexes, although lineshape remains
unchanged, the intensity of the pigment signal measured as
peak-to-peak height in first derivative curves was not
proportional to the melanin content of the samples. The
values of these intensities normalized per unit mass of
melanin-content in the complex are shown  in Table 1. These

results indicate that the. number of stabilized free radicals

in melanin increases with complexation with BSA.
 'ProqressiyeaSaturation;measurements were performed at
room temperature and- at 120 K. Normalized values of- EPR
signal. intensities: Ipgp . and the corresponding values of
power P were used. to plot.log(IESRgfrg } as. a function of
log(P), following equation 1; values of parameters b and
P I can ‘thus be obtained (Rupp- et al [10]}) and are
'pr;sented_in fable 2. Values of b lower than 1 may indicate
that. seturation processes are slow compared'to relaxation
times. on the other hand the parameter P -.is_proportional
to (Tsz) where Tl and Tz are spin- 1attlce and spin=-spin
relaxation tlmes _respectlvely; There is. a- consistent
‘derease; 6f- P$ " with lowering temperature. = However,

_comparatlve P1 values - for melanln. alone, and in. complexes.

z

w;th:-BSA (at a glven temperature) "show a significative

*

alteration: with temperature decreasing, P for the pigment

1l
alone becomes higher than the value %or the pigment
complexed with BSA.

The dependence of ESR signals on tenperature was
analysed from the plots of 1/A versus T, where A is the area
under the absorption curve, which resulted in straight lines
intercepting the origin- This indicates that the ESR signal
comes from free radicals that behaves as pure'paramaqnetic

centers.

Irradiated samples. Room temperature.

ESR spectra obtained after X~-ray irradiation of
melanin-BSA complexes showed the characteristic radiation
induced protein doublet due to a peptide radical [11]
superimposed to the Ffree radical singlet from - .L-dopa
melanin, as illustrated in Figure 1. The protein Gaublet has
g value § = 2.0034 f 5.0005 and hyperfine constant A =
14.8  0.25. It is important to observe that irradiation in
this dose range has no effect on'lineshape and intensity of
the ESR signal of pure melanin or melanoscres. Dose
response curves for -melanin in complexes with BSA are
illustrated in Figure 2, where.the evolution of singlet
signal intensity is plotted as a function of irradiation
exposure time. It can be seen that the number of induced
free radicals increases with the exposure time, i.e., with
absorbed dose.

The intensity of protein_ free radical signal was
monitcred by the height of the first maximum of the doublet,
corrected. for the contribution of the melanin signal. The
values shown in Table 3 are normalized per unit mass of BSA
and have as reference the intensity-of the induced protein
signal in absence of melanin. For a given exposure, the
number of induced protein free radicals decredses with

increasing melanin content in the complex..




Progressive saturation - measurements. on. - irradiated
‘melanin-BSA - complexes .show that the melanin singlet has.

basically the same behavior as for unirradiated samples,

suggesting that X-ray induced and  intrinsic signals are
subjected to the: same. relaxation mechanisms. Alterations in

Pl parameter however are cbserved in irradiated melanin
and melanosomes,. as.shown. in Table 2. )

After-exposure-te-air'ESR.spectre show the disappeariﬂg
of the protein signal without alteration of melanin singlet
intensity, suggesting that'OXYgen interacts with radiaticn
induced radicals on BSA and not with those 1nduced on the
plgment.

Irradiated samples. Loy temperature.
" BSA.. irradiated at LNT .in vacuum - shows & large
unresolved signal: at 160 K that evolves to the typicel

peptide. radical doublet ohserved: at rocm temperature, as’

reported by Libby [12] and "Aripova [13]. INT irradiation of
melanin and melanosomes does not induce new free radicals

and the values of g ende'_ﬁﬂ of the usual =inglet do not.

change under- heating to room temperature. LNT irradiation of

melanin-BSix complexes.results in  ESR spectra gualitatively

similar to. the superposiﬁion of the effects in melanin and

protein. irradiated separately. However, as observed for,

irradiation at RT, the contribution of the large BSA signal
is proporticnally less significant with. the increase of

melanin concentraticn in the complex. It was also noticed

that  with increasing. temperature,_ BSA  signal strongly
decreases and doesn’t evolve.to ‘the protein doublet: At room

temperature. almost "exclusively the melanin free radical

becomes stabilized (figure 3}.

DISCUSSION-

Melanln—BSA comglexes.

Results of ESR measurements in melanln -BSA complexes
show that the number of free radicals stablllzed in the
complex per unit mass.of_melenin depends:pn_the relative
cpncentratioﬁ of its _constituents., This behavior differs
from that observed by Afneqd.et al [14] on.L-dope melanin
diluted in KBr matrix, where the ESR .signal Antensity  per
unit mass of melanin is“donstaﬁt.-lt_is known - that when
paramagnetic centers are diluted- in a diamagnetic matrix,
the changes in magnetie_iﬁteractiens-may_cause modifications
in the lineshape of ESR siénel, euch:that.the area under
absdrption curve remains constaﬁt This is: not the present
case, where we observed that the 1nten51ty of ESR =ignal is
modified w1thout alteratlon in llneshape._As we can see in
Table 1, there are more free radicals. stabilized in the
pigment complexed toc BSA than what would be expected for the
same guantity of the pigment witheut compiexation with B3A.
If one assumes that the. melanin free radical comes from a
semiguinone form stablllzed between hydroqulnones and
quinenes[ls] it is’ possible. that the. interaction between
melanin and BSA shifts the equlllbrlum in the direction of
the semiquinone free radlcal._

Differences between ESR 51gnal from melanin and from
complexes with BSA are alsc verified by progressive
saturation measurements (Table, 2)... The value -?; S is
proportibnal to.(TlTé)_1[16}. As shown. in Table 2, P; . at
room .temperature is. higher in melanin-BSA: complexes than in.
melanin or melanosomesh_This_means-ﬁhat,in the complexes . the
valﬁesfof {Tsz)are.smalierl.i.e}, relaxation processes are
faster. According to Sarna and: Hyde [17], T;. does not .vary

-significan:ly among seVerel,kinds~o£_melanins_andgso the

decreasing of (T1T,) can be attributed mainly to a decrease




in Ty . In this sense, the complexes with BSA show mnmore

efficient. processes of spin-spin energy transfer. However

these processes are: temperature dependeﬁt.an& the relative-

increase -in. (TyT,)  at 120 - K for the complexes with BSA is
more significant than for melanin. or melanosomes. Thus at
low - temperature spin-spin energy transfer'_processes seem
less efficient in: the complexes. .

Radlatlon effects.,- . o :

Irradiation: of - melanln complexed w1th BSA at room
temperature- Lnduces, the format;on -of: free radlcals. We
observed  both: an lncrease in: the 1ntr1n51c melanin free
radical ESR singlet. and the induction of the typical
irradiated BSA doublet. The total area under absorption
curve increases with exposure . time, indicating the
stabilization of new paramagnetic centers created by
irradiation imn vacuum.. '

As shown in figure 2, the. growth in the singlet
intensity is higher in the samples with higher wmelanin
content. At the same time it may be obsérved_that at higher
pigment concentration the number of free radicals induced in
the protein is lower; suggesting'that'in presence of melanin
the. free radicals are preferentially'.stabilized' in the
pigment rather than. in the protein. . .

As shown in Tabkle 2, the unchanged values of PL for

_melanin in. BSA. complexes sugqest thakt relaxatlon processes.

are the same as for unirradiated samples, On the other hand,

irradiated puré melanin and melanosomes, that do not show-

new free radical stabilization, .. have different
P; values, indic&ting that radicals observed after
interactien with ionizing radiation may have different
relaxation mechanisms. ' ‘ '

From the point of view of radiation damage as studied

by ESR, these results indiecate - that melanin exerts a -

protective effect on the protein noiety.. Irradiation at room

temperature shows that the induced BSA doublet decreases
with the percentual increase of melanin content,
concomitantly with a growth of the singlet induced in the

pigment.
Morecover, it should be noticed that the induced melanin
radicals are stable even after exposure to O, . The induced

BSA doublet, on the contrary, interacts with oxygen as seen
by the decay of its intensity after opening to air.

‘Irradiation at LNT allows the investigation of primary
and intermediate radicals. INT irradiation of BSA results in
a large ESR spectra that evolves to the doublet signal when
the sample temperature is raised to RT. In melanin-BSA
complexes the spectra obtained after heating to RT are
somewhat different from tﬁose obtained by direct irradiation
of these complexes at RT. In fact the protein doublet almost
disappears and free radicals are stabilized preferentially
on the pigment. This suggests that radicals induced in Bsa
at Low temperature are partially subjected, during heating,
to mechanisms of internal re-arrangeﬁents and energy
transfer from protein to the pigment.-

Melanin-protein interaction promotes radical scavenging
properties of the pigment through the occurrence of two
mechanisms of radical stabilization: one, coming directly
from increased energy depasition in the pigment and the
other from increased stabilization of the radicals signal
due to the interaction between pigment and irradiated
protein (Fig. 4) . )

Melanosemes, in spite of protein content around 40% of
their dry weight(18), when irradiated at LNT do. not present
any protein contribution to the ESR signal as observed in
melanin-BSA complexes. The evolution ¢f the intensity of the
signéi with temperature in melancosomes irradiated at LNT is
the_séme as for unirradiated melanosomes. and pure melanin..
In helandsomeé, primary induced free radicals are -probably
stabilized directly in the structure of the melanin inside
the organeiler and direct effects over the proteins are not




- detectable, The radiobiological’ implications of such a
behaviour is not fully_understood.at present. '

_These studles ShDW‘that due to 1nteract10n Wlth BSA,.

the . ESR:- characterlstlcs of- melanln are modlfled both in

intensity and in’ saturation behav1our. Even. 1f the present

results. are: not completely conclus;ve some: points can- be

establlshed' ‘a} interacticdn- with- BSA; ‘modifies. the
equilibrium of  the 1ntr1n51c melanln free. radicals. and
consequently their - number per unit -mass- ©ef pigment;. h)

stabilized free radicals, even. with 51mllar lineshape;. have
not a- common nature in- melanln proteln complexes and in pure

melanin or melanosomes, as -seen by relaxation results, c)

concerning: . the: ‘relaxation. ‘processes, radlatlon induced

radicals . in complexes with BSA have the  same behav10ur as

‘before. lrradlatlon, while in pure- melanln and. melanosomes.'

these' mechanisms: are altered neaning that lonlz;ng

'radiation;_may have . effects not’ dlrectly detectable. by '

‘measuring signal - intensities- ‘only. These results. are
complementary to others observed by. one of us [19] with
optical’ metﬁods ] suggestlnq “that the 1nteract10n between
melanin. and serum albumin. leads to changes in plgment and
protein properties. In that work it" was also okserved an
'efficient. quenchlng' of" protein fluorescence _due to
-excitétion energy transfer form proteln to pigment. o

The ' existence of processes. involving free radical
migration were also. observed  in the present work., After

irradiation, free’ radical damage induced in the protein lsf

reduced: through mechanisms.. that . allow mlgratlon of free
rad;cals ‘from “the. protein towards the - pigment. The free

radical -and' energy transfer - méchanisms’ from proteins  to

melanin - could be related ta the protective-action of ‘the

plgment at: cellular level and in thls sense deserves further .

1nvest1gatlon..
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TABLE 1- Intensity of ESR signal of autoxidized L-dopa melanin.

Sarna, T. and Hyde, J.S5.. (1978). J. Chem. Phys, §3, . S
' : intensity a

1945-1948.
b
Mer L 1.0
- o : _ : BSA + 0.5% Mel. 1.9
Borovansky, J.7 Melezinck, I. and Budesinska, A. (1986). : BSA + 1.0% Mel 2.8 :
‘Anal. Bibchem. 159, 249-252. BSA £ 3.0% Mel. 3.1
- . . BSA + 4.0% Mel. 3.5
BSA + 5.0% Mel. 4.0
BSA + 10.0% Mel. 4.3

. Kawamura, M.E. {1986). Ph. D. Thesis, University of Sho ' o ) . '

.Paulo.

a- Values normalized per unit mass of melanin, mean values

obtained Erom_microwave power between 0.05 and 0.2 m.
b- In this and in the other tables, Mel. means autoxidized
L-dopa melanin. Percent values refer to the percentual

mass of melanin present in the complex.

TABLE 2- Parameters b and.P*lyz_obﬁainéd from plots of equation
' 1. First two columns refer to unirradiated samples.

‘RT, - Co120 K Irradiated(RT)
. - ISR /2 ?_ P 1/2 b P 1/2
v ' BSA + 13,2%,3%,4% Mel. ' .85 0.98 - 1.7 0.id4  0.94 0.96
L-Dopa Melanin - G.76. 0.40 1.1 .0.34 0.81 0.64

Melanosomes: .. ¢ 0.72.00,42+: 1,20 0.36 . 0.78 0.60. 5




TABLE 3- Intensity of

protein unit:

o BSA.
" BEAL

"7 "'BSA.

BSA

BSA.

BSA

+..0.5%
+ F.0%

+ 2.0%

+:3.0%

+ 4.0%

ESR doublet induced in BSA, normalized per .

nass. .

_Intensity
Mel. . o 0.9s
Mel. . . 0.89
Mel. ”:;L'f}-' 0.81
Mele . _ 3';7:.10;74
Mel. . 071

Figure Céptidms”

Figure 1- ESR spectra of samples irradiated at RT: a) BSA;

b) BsA +.0,5% melaning ¢} BSA + 1% melanin, -

. Figure 2- Increase in.  BSR-singlet ' intensity with exposure

time to X-ray. values are normalized to unit mass
of melanin. Percentual mass of melanin: (@) 4%,.

T (a) 33, (0) 2% and (@) t%.

Figure'3-' ESR spectra of BSA-5% melanin complex;ifradiatede
. -at LNT and measured at’increasing temperatures. a)
125 Ky b) 150 K; c) 174 Ki d) 204 K; e) 245 K; £}

274 K.

Figure:4—'?ossibla kinetic. scheme: for the.evolution of X-ray
induced radicals in BSA-Melanin éomplexes. (BSAF
:%nd;cates every kind of free radicals in the
brotéiﬁ moiety and (Mel)*. indicates only new free

-radicals in the pigment.

A
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FIGURE 2 . .
"Iintrinsic . and Radlatlon Tnduced: Stable Melanln Free Radlcal in

Complexés with serum Albumin®
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FIGURE 3
"Intrinsic and radlatlon Induced Stable Melanln Free Radlcal in
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FIGURE 4 . .
"Intrinsic and Radiation Induced Stable Melanin Free Radi&als in
Complexes with Serum Albumin"

M.R.D. Kawamura, A.S. Ito & P.R. Crippa
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