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SI-1. Possible melanin and sulfonated melanin radical species.
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R =H or COOH

Figure S1. The different units of (a) NF-melanin and (b) S-Melanin.
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SI-2. Additional HFEPR analysis
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Figure S2. HFEPR signal symmetry (AYpp) of NFMel, NFMel-P, SMel. AYpp is obtained
from the ratio between positive and negative intensities and the closer it is to 1, the more

symmetrical the signal is.
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Figure S3. X-band EPR absorption signal of (a) NFMel, (b) NFMel-P and (c) SMel at
different microwave powers. The gray arrow indicates the shoulder-like feature increases.
Measurements performed in solid-state using an X-band spectrometer MiniScope MS300
(Magnettech) coupled with an Agilent Frequency Counter 53181A RF. For g calibration,
it was used 2,2-diphenyl-1-picrylhydrazyl (DPPH, g = 2.0036).
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Figure S4. HFEPR absorption signal simulation of NFMel with different isotropic

resonant lines at low microwave power (0.1 mW).
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Figure S5. HFEPR absorption signal simulation of NFMel with different anisotropic
resonant lines and axial symmetry at low microwave power (0.1 mW).

S6



(

N

Normalized dy"/dB (a. u.) Q

J Microwave Power: 0.1 mW NFMel L (b) J Microwave Power: 0.1 mW NFMel
Temperature: 293K Temperature: 293K
B - :' B
x / \
| s /|
9 Ve
u N R e
ko)
o
i L o) i
N
©
p L g p
)
. z .
7 = Experimental r 7 = Experimental
—— 1 Anisotropic ressonant line 2 Anisotropic ressonant lines
T Rhombic symmetry (g, # 9,* g,) i T Rhombic symmetry (g, # 9,* g,)
2008 2006 2004 2002 2000 1.998 2008 2006 2004 2002 2.000
g-values g-values
(c) 1 Microwave Power: 0.1 mW NFMel |
Temperature: 293K
3' B -
s f\\
m i / \ i
B S
= JI PO — W ——— S
ke)
: \
[0} i | L
N |
© \
£ \
<ZD |
b Experimental r
3 Anisotropic ressonant lines
h Rhombic symmetry (g, # 9, * g,) r

2.008

2004 2002
g-values

2.006

2.000

1.998

1.998

Figure S6. HFEPR absorption signal simulation of NFMel with different anisotropic
resonant lines and rhombic symmetry (without g strain) at low microwave power (0.1
mW).
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Figure S7. HFEPR absorption signal simulation of NFMel with different anisotropic
resonant lines, rhombic symmetry and g strain at low microwave power (0.1 mW).

Table S1. Experimentally Determined g-Values for NFMel with Different Resonant

Lines.
Resonant

Line B 8wy 8z 8iso
A-l 2.0038 2.0033 2.0023 2.0031
B-1 2.0043 2.0030 2.0023 2.0032
B-1I 2.0037 2.0032 2.0022 2.0030
C-1 2.0050 2.0031 2.0023 2.0035
C-lI 2.0038 2.0033 2.0023 2.0031

C-111 2.0038 2.0033 2.0022 2.0030
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Figure S8. HFEPR absorption signal simulation of NFMel with different anisotropic

resonant lines, rhombic symmetry and g strain at high microwave power (10.0 mW).
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Figure S9. HFEPR absorption signal simulation of NFMel-P with different anisotropic
resonant lines, rhombic symmetry and g strain at high microwave power (10.0 mW).
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Figure S10. HFEPR absorption signal simulation of SMel with different anisotropic
resonant lines, rhombic symmetry and g strain at high microwave power (10.0 mW).
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Figure S12. Spin density estimated for SQ radicals and Ndef structures of NF-Melanins.
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Figure S13. Normalized amplitude as a function of the square root of the power intensity
for NFMel, NFMel-P and SMel.
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Figure S14. Spin density estimated for charged S-Melanins.
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Figure S15. Spin density estimated for SQ radicals and Ndef structures of S-Melanins.
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Table S2. Examples of Fitting Parameters of Melanin and Melanin Derivatives.

. g Values
Melanin sample Frequency Symmetry . . . Ref.
Species 1 Species 1T Species I1I

Synthetic melanin (pH 12) 2.0054/2.0025 2.0054/2.0030 #
Synthetic melanin (pH 11) 2.0054/2.0024 2.0054/2.0030 #
Synthetic melanin (pH 9) . i . 2.0054/2.0025 2.0044/2.0028 #

] ) 35 GHz Anisotropic Axial RS1
Synthetic melanin (pH 6) 2.0052/2.0027 2.0043/2.0029 #
Synthetic melanin (pH 5) 2.0039/2.0025 2.0041/2.0029 #
Synthetic melanin (pH 3) 2.0039/2.0025 2.0042/2.0029 #
DHI-Melanin
DHICA-Melanin
Synthetic melanin
Oxidized synthetic melanin 9.4 GHz Isotropic cylindrical 2.0049 2.0038 2.0026 RS2
Synthetic melanin (pH acidic)
Synthetic melanin (pH neutral)
Synthetic melanin (pH alkaline)
Sulfonated melanin

. . 2.0052 2.0043 2.0028

Oxidized sulfonated melanin ) o

. i 9.7 GHz Isotropic cylindrical RS3
Synthetic melanin

2.0053 2.0043 2.0027

Oxidized synthetic melanin
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Table S3. EPR signal linewidth as a function of frequency.

Apr (mT) Ref.
Frequency (GHz) 9.40 35.00 94.04 263.00
Melanin samples
Natural melanin RS4
(Bovine eye & amphiuma liver) 1.78+0.09 # #
Hair melanin # # 4.48 # RS3
Dopa-melanin (pH 3) # 0.82 # # RS1
Dopa-melanin (pH 12) # 0.57 # # RSI
Synthetic melanin
(Dopa, dopamine, 4 180+0.19  # i Rs4
nerepinebeohrine,
serotoninm & tryptamine)
5-S-cysteinyldopa melanin # i 6.45 # RS6
NFMel-S 0.45 # # 6.33 This work
NFMel-6P 0.43 # # 7.16 This work
Sulfonated melanin 0.41 # # 6.88 This work
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SI-3. Procedure for baseline and phase correction.

Initially, to facilitate the understanding of the process, we create a hypothetical
(1-x*
0.005%

A=-exp
absorption spectrum from

, Figure SlI-1a, as example. The Hilbert
transform of the absorption 4 spectrum was used to obtain the dispersion signal D. We
usually measure the absorption's first derivative. Hence, Figure SI-1b presents the first

derivative of the absorption (A’) and the first derivative of the dispersion (B’).

O
G,

Intensity (a. u.)
Intensity (a. u.)

]—A I —NA
—D {—D'
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Hypothetical magnetic field (a. u.) Hypothetical magnetic field (a. u.)

Figure SI-1. (a) Hypothetical absorption 4 and dispersion D spectra. (b) The first
derivative of the signs in (a).

Figure SI-1 shows the pure spectra. However, in our experimental case, there is the
possibility that the spectra are a mixture of both absorption and dispersion. Therefore, we
create a hypothetical experimental spectrum S by taking a linear of A’ and D’ (I).

Additionally, the Hilbert transform of S (named H) is given by (II).

S=A+aD )
H=D +aA (10)

Figure SI-2 shows the resulted spectra for S and H considering o = 0.5.
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Figure SI-2. (a) Hypothetical experimental spectra S, with a = 0.5, and its (b) Hilbert
transform H.

As we intend to do a phase correction to obtain a pure absorption (or its first
derivative) of the experimental spectra, we need to discover a. Following the
methodology reference from Earle e al. (RS7), we need to take a linear combination of

the S and H. In this case, we got:

C=S+pH
3 (11D
C=(1-ap)A +(a+ BD'

If,

af=1=p= V)

RIrF

then, C is proportional to only D’. This means that for an arbitrary value of /5, the double
integration of C results in a total area other than zero due to the term A’. However, for
S =o' the term A’ disappears and the double integration results in zero total area because
D’ has an equal zero area. The double integration of the linear combination of C is present
in Figure SI-3. As can be seen, only f = 2 results in a flat and zero baseline, as expected

by a=0.5.
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Figure SI-3. Double integration of C for different values of f.

As a real example, we applied the above procedure in an experimental NFMel
HFEPR dispersion spectrum (Syguz;) and its calculated Hilbert transform (Hygaze:), see
Figure SI-4(a). We than take a linear combination of Sygye; and Hygyz; following Eq. I11.
The double integration of the linear combination of Cypy; With different values of f is

shown in Figure SI-4(b).
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Figure SI-4. (a) Dispersion HFEPR experimental spectrum (Sygue;) and its Hilbert
transform (Hygpzer). (b) Double integration of C for different values of f.

Based on Figure SI-4, it is possible to observe that a flat and zero baseline is
obtained with f = 1.44. This implies that, considering relation from Eq. IV, a = 0.69.

Thus, with relation in Eq I, we can get the phase-corrected HFEPR experimental

spectrum.
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