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Introduction

This document presents data from the Raman spectra (3200 - 100cm−1) of feather rachis samples.
Interpretation of the spectra gives information on the protein secondary structure in the layers and
the changes between them.

Table S0.1 shows band assignments for the Amide I (1500-1700 cm−1), Amide III (1200-1350
cm−1) and S-S (650-400 cm−1) regions.

Section 1 presents an example of a fitted Raman spectrum, and Section 2 shows examples from
a parameter sweep used to decide the operational parameters to be used in obtaining experimental
spectra. Section 3 presents band intensity ratios from the Amide I and Amide III regions for the
outer layers of feather rachises of four birds at the Dorsal, Ventral, Leading and Trailing positions.

From these graphs and spectra presented in the main text it is clear that the errors are smaller
and the fit is better in the Amide I region than in the Amide III region. Larger R2 values were
obtained for the fits in the Amide I region when compared to the Amide III and S-S regions. Typical
values were 0.997, 0.987 and 0.982, respectively.
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Section 4 provides band intensity ratios for a single ratio from the S-S region (510:525) and is
presented as a stand alone section for convenience. Section 5 presents a preliminary IR spectrum.
Section 6 presents a summary of the statistical analysis.

The fitting method used has been described in the main text. Parameters were decided after
recording spectra with a range of different operational parameters. Some example conditions are
shown in Figure S2.2.
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.

Section Three
Band intensity ratios for the Outer Layers of feather rachises

from 4 birds at the Dorsal, Ventral, Trailing and Leading

positions.

All feathers are the Right-hand, 4th primary feather, cut at 40% length
of the shaft from the base of the calamus.
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Figure 3.1: band intensity ratio 1668cm−1:1640cm−1.

Amide I—1668:1640;
β-sheet:α-helix

Notes
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Figure 3.2: band intensity ratio 1668cm−1:1613cm−1.

Amide I—1668:1613;
β-sheet: Side chain

Notes
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Figure 3.3: band intensity ratio 1640cm−1:1613cm−1.

Amide I—1640:1613;
α-helix: Side chain

Notes
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Figure 3.4: band intensity ratio 1692cm−1:1613cm−1.

Amide I—1692:1613;
β-turn: Side chain

Notes
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Figure 3.5: band intensity ratio 1262cm−1:1240cm−1.

Amide III—1262:1240;
Random coil: β-sheet

Notes
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Figure 3.6: band intensity ratio 1283cm−1:1240cm−1

Amide III—1283:1240;
β-turn: β-sheet

Notes
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Figure 3.7: band intensity ratio 1313cm−1:1240cm−1.

Amide III—1313: 1240;
α-helix: β-sheet

Notes
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Figure 3.8: band intensity ratio 1341cm−1:1240cm−1.

Amide III—1341:1240;
α-helix: β-sheet

Notes
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Figure 3.9: Band intensity ratio 1240cm−1:1214cm−1.

Amide III—1240:1214;
β-sheet: Ring mode

Notes
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Figure 3.10: Band intensity ratio 1262cm−1:1214cm−1.

Amide III—1262:1214;
Random coil: Ring mode

Notes
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Figure 3.11: Band intensity ratio 1283cm−1:1214cm−1.

Amide III—1283:1214;
β-turn: Ring mode

Notes

18



MallardGull SwanKestrel
0

0.5

1

1.5

2

2.5

3

In
te
n
si
ty

Dorsal
Ventral
Leading
Trailing

Figure 3.12: Band intensity ratio 1313cm−1:1214cm−1.

Amide III—1313:1214;
α-helix: Ring mode

Notes
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Figure 3.13: Band intensity ratio 1341cm−1:1214cm−1.

Amide III—1341:1214;
α-helixRing mode

Notes
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Section 4
Band intensity ratios for the S-S region (400–600 cm−1)

The band intensity ratio ω̄ = 510 cm−1: ω̄ = 525 cm−1, in the S-S region
is presented for 4 birds at the dorsal position of the fourth primary feather,
which had been cut at 40% from the end of the calamus and measured at
the inner and outer layers. Values for feathers from the left (L) and right
(R) wings of the same bird are shown, and the order is Inner L, then Inner
R; Outer L, then Outer R. This is indicated for one set in each graph by the
characters ‘L’ and ‘R’. Also, for the fitted spectra, the band intensity ratios
have large errors which make it difficult to discern clear trends on going from
the Inner layer to the Outer layer.

The ratio of the G-G-G conformation to the total disulphide bonds is
considered a criterion for the stability of disulphide bonds in keratin (Choe
et al. 2017; Essendoubi et al. 2019), see Figure S4.0. This may indicate that
the intensity ratio 510:525 cm−1 will decrease on going from the Inner layer
to the Outer layer. The 510 cm−1 band is assigned to the G-G-G conformer
and the 525 cm−1 band is assigned to the G-G-T conformer. See also Table
S5.1.
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Figure S4.0: Reproduced from Akhtar & Edwards (1997): Diagrammatic
representation of CC-S-S-CC bond conformations of the disulphide bond in
keratins (a) gauche-gauche-gauche, (b) gauche-gauche-trans and (c) trans-
gauche-trans. Three bond angles are shown beneath each subfigure, which
correspond to the viewpoints 1, 2 and 3, illustrated in (a).
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G-G-G (ω̄ = 510 cm−1)—Inner Layer, Left

G-G-G (ω̄ = 510 cm−1)—Inner Layer, Right

G-G-G (ω̄ = 510 cm−1)—Outer Layer, Left

G-G-G (ω̄ = 510 cm−1)—Outer Layer, Right

LRLR

Figure S4.1: Band intensity ratios in feathers from the Gull, Kestrel, Mal-
lard and Swan. The contribution from the Gauche-Gauche-Trans conforma-
tion is set to one.

SS—510
525

;G−G−G
G−G−T

where G is Gauche and T is trans.

Notes

• Expectation: A decrease on going from Inner to Outer

• Expected trend not observed, although errors are large.
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Figure S4.2M: Mallard band intensity ratios. The contribution from the
Gauche-Gauche-Trans conformation is set to one.

SS—510
525

;G−G−G
G−G−T

Notes

• Expectation: a decrease on going from Inner to Outer

• Expected trend not clearly observed, although errors are large.
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G-G-G (ω̄ = 510 cm−1)—Outer Layer, Right

LRLR

Figure S4.3Sw: Swan band intensity ratios. The contribution from the
Gauche-Gauche-Trans conformation is set to one.

SS—510
525

;G−G−G
G−G−T

Notes

• Expectation: a decrease on going from Inner to Outer

• Expected trend not clearly observed, although errors are large.
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G-G-G (ω̄ = 510 cm−1)—Inner Layer, Left
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Figure S4.4SG: Gull band intensity ratios. The contribution from the
Gauche-Gauche-Trans conformation is set to one.

SS—510
525

;G−G−G
G−G−T

Notes

• Expectation: a decrease on going from Inner to Outer

• Expected trend not clearly observed, although errors are large.
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G-G-G (ω̄ = 510 cm−1)—Outer Layer, Left

G-G-G (ω̄ = 510 cm−1)—Outer Layer, Right
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Figure S4.5K: Kestrel band intensity ratios. The contribution from the
Gauche-Gauche-Trans conformation is set to one.

SS—510
525

;G−G−G
G−G−T

Notes

• Expectation: a decrease on going from Inner to Outer

• Expected trend observed, although errors are large.
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Section Five
A preliminary IR spectrum

For the sake of completeness, an IR spectrum of a feather rachis sample for a
Swan is included here and fitted in the same way as the samples in the sections
above and the main text. The infra-red spot-size on the sample was ≈ 1 mm and
no spatial sampling of the type carried out in the Raman work was possible. As
this was only a preliminary spectrum, the sample was investigated ‘as received’
and spectra were taken from the side of the rachis i.e with the infrared beam
incident on the side of the rachis not ‘end-on’ as in the Raman work.

The spectrum was taken using a Thermo ScientificNicole iS5 FTIR Mi-
croplate Spectrometer, equipped with iD7 ATR optics and a DTGS detector.
The spectrum (see Figure S5.1) was recorded with 16 scans in the range of
4000-400 cm−1 at a resolution of 4 cm−1.

Bands were fitted using the same model used in previous sections (See Figure
S5.2), though a seven-band fit was used in the Amide I region The fitted band
positions are presented in Table S5.1.
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5 IR spectra
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Figure S5.1: An IR absorption spectrum of a Swan rachis sample shows less
detail in the Amide I region than a Raman spectrum. The Amide III region
is better resolved than the Amide I region and shows similar features to the
spectra obtained using Raman spectroscopy. Bands were fitted using the same
model used in previous sections.
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(a) Amide I

(b) Amide III

(c) S-S

Figure S5.2: An example of the fits used for a preliminary IR spectrum obtained
of an ‘as received’ rachis sample of a Swan . The same method used to fit a
Raman spectrum was used to fit an IR spectrum.
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