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= . sinb = A/ 2d
rom Bragg's law

It Is understood that with decreasing

scattering angle, increasingly larger Large 0 - small d
structural featuresire being probed. Small 6 = large d

Technique Length scale
d (nm) |
USAXS 1000 |

Small-Angle X-ray Scattering (SAXS)

SIVE 100 - Probes larger structures.

SAXS 10 ' - — - — —
WAXS 1 - Wide-Angle X-ray Scattering (WAXS)
WAXS 0.1 - Probes molecular structures.
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sing = A/ 2d

Large 6 = small d
Small 6 = large d

Detector in SAXS
(Supra-molecular Scale)

Detector in WAXS
(Sub-molecular Scale)
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SUNBIM: a package for X-ray imaging of nano- and
biomaterials using SAXS, WAXS, GISAXS and GIWAXS

techniques

Dritan Siliqi, Liberato De Caro, Massimo Ladisa, Francesco Scattarella,
Annamaria Mazzone, Davide Altamura, Teresa Sibillano and Cinzia
Giannini

J. Appl. Cryst. (2016). 49, 1107-1114

Scan Mode

X-ray source

Micro-Diffraction & S5canning Microscopy
Transmission geometry
2
= Lotal and Average

% information integrated across
whole material thickness
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CDITIPIJtEF programs

Volume 58 | Part 5| October 2025
bittpa:/ fdol.org/ 10.1107 /516005767 15005504

Viewred by '_r_a_il_'

Supramolecular & SUbmolecular

panelabiciiateyals SUNBIM 4.0 software: new developments in small- and wide-angle X-ray scattering data analysis for scanning

X-ray IMaging Project . .
T mode and grazing-incidence geometry

. Francesco Scattarella,* & Davide Altamura,* Teresa Sibillano,*? Liberato De Care,* Dritan Siligi® © and Cinzia Giannini®
XMI Lab @ Institute of Crystallography - CNR
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XEUSS.0 system HRmodel

Motorized dual source(GaExcillumliquid jet sourceand Cumicro-source)

Detector Eiger2R (1M), movingin vacuumfrom 42.5 mmto 1800mm (SDD)
BonseHart4-bounceSi(111) channelcut crystalsmonochromatorandanalyzeffor USAXS = —"
BiocubeSystem

Sizeexclusionchromatographycoupledwith SAXYSEESAXS)singan AKTAgoTMprotein
purificationsystem

Different holders for suitable sample handling and virtual detector option for g-range

extension


https://www.itaca-sb.it/biosaxs/
https://www.itaca-sb.it/biosaxs/
https://www.itaca-sb.it/biosaxs/

XEUSS 3.0 HRABORATORY rematona AC Seoo

Microfocus sealed tube: Cu, 30W/30um?*. point focus. (* DIN EN 12543-5)

Source Metallet source D2+ (Ga)
Motorized Dual source or triple source (Cu/Mo/Cr/Ga)
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Detector
Optional WAXS detector for SWAXS:

- Motorized 3-axis Eiger2 R 500K hybrid photon counting detector
«r ] Consiglio Nazionale

#, ITAC A‘ S B Potentiating thetalianCapacity forSructural Biology Services in InstrdERIC delle Ricerche



International AIC Schoo
Bari, 2022 July 2026

Models Xeuss 3.0 C Xeuss 3.0 HR Xeuss 3.0 UHR

Footprint [Width x Length] ITmx3m ITmx5m Tmx8m
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4-Axis motorized SWAXS modulavith EIGER2 R 500K

Up to 26 = 90°
for in-plane scattering

_ Up to 28 = 90° for out-of-plane scattering
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A Rotary The

. BioSAXS laboratory of the ITACA.SB Research Infrastructure
Capillai

Francesco Scattarella, Davide Altamura, Vincenzo Mangini, Teresa Sibillano, Erika

Manicone, Rocco Lassandro, Liberato De Caro, Gemma Newby and Cinzia
Giannini
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} frontiers

in Plant Science doi: 10.3389/fpls.2018.01894

Progress and Opportunities in the
Characterization of Cellulose - An
Important Regulator of Cell Wall
Growth and Mechanics

= Cellulose
Hemicellulose Pectin

Poly (D-glucose)

(B)
(C) Protein B-sheet structures (silks and amyloids)
Antiparallel Parallel
B-sheet B sheet B sheet
5 O NH \NH \NH
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Hydrogen bond

DOIL: 10.1002/pol.20230126

JOURNAL OF WILEY

REVIEW POLYMER SCIENCE

Hierarchical biopolymer-based materials and composites
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0 s Typel collagen

Exploring fibers with X-ray eyes

Cinzia Giannini®*

2Istituto di Cristallografia, Consiglio Nazionale delle Ricerche (CNR), Via Giovanni Amendola, 122/o0, 70126 Bari, Italy
’Correspnndence e-mail: cinzia.giannini@cnr.it

Keywords: fibers; nanostructure; small-angle X-ray scattering; SAXS; wide-angle X-ray scattering; WAXS; mgferials science.

| Small-Angle X-ray Scattering (SAXS)
- Probes larger structures.

Wide-Angle X-ray Scattering (WAXS)
- Probes molecular structures.
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This repeating pattern is the "D-period” of the collagen fibril.

The structure responsible for the SAXS signal is the characteristic staggered arrangement of
collagen molecules, which creates an electron density pattern that repeats approximately
every 67 nanometers. This is known as the D-period and is fundamental to the fibril's

structure and function.
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Schematic of the staggered repetition unit of the triple-helix collagen
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The WAXS data reveals two primary structural features.

The WAXS intensity plot is characterized by two main features: a sharp peak at smaller angles
(labeled 1) and a broad hump at wider angles (labeled 2). Each of these signals corresponds to

a distinct molecular-level dimension

. Peak 1 corresponds to the lateral distance between adjacent collagen molecules, indicating

5.5
they are packed in a quasi-hexagonal lattice approximately 1.5 nm apart.
5| _
45}
4 *
535
S
=
w
o 25| ' Peak 2 arises from the repeating pitch of the collagen triple helix, the fundamental protein
E L | | structure itself, with a rise of about 0.29 nm per residue.
15 u ' ~0.29 nm
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J. Appl. Cryst. (2016). 49, 1231-1239
https://doi.org/10.1107/51600576716010396

Cited by [24]

Interfibrillar packing of bovine cornea by table-top and synchrotron scanning SAXS microscopy

T. Sibillano, L. De Caro, F. Scattarella, G. Scarcelli, D. Siligi, D. Altamura, M. Liebi, M. Ladisa, O. Bunk and C. Giannini

Bovine comea was studied with scanning small-angle X-ray scattering (SAXS) microscopy, by using both synchrotron radiation and a microfocus laboratory source. A m
combination of statistical (adaptive binning and canonical correlation analysis) and crystallographic (pair distribution function analysis) approaches allowed inspection of

the collagen lateral packing of the supramolecular structure. Results reveal (i) a decrease of the interfibrillar distance and of the shell thickness around the fibrils from

the periphery to the center of the corea, (i) a uniform fibril diameter across the explored area, and (iii) a distorted quasi-hexagonal arrangement of the collagen fibrils. The results are
in agreement with existing literature. The overlap between laboratory and synchrotron-radiation data opens new perspectives for further studies on collagen-based/engineared tissues
by the SAXS microscopy technique at laboratory-scale facilities. Giuliano Scarcelli

Keratoconugpathologyaffectingcorneawhich causegprogressivehinning of the e S
stromaand consequentihabnormalcurvature inducingirregularastigmatismand
myopia,cornealfibrosis,and distortion of vision,due to the modificationin the
organizatiorof the cornealcollagen

The «samples»The cornealepitheliumin the central portion (area~8x10mmz2) of the bovine eye was
removedby gentlescrapingwith ablade

Question the crosslinkingagent was riboflavin (riboflavir5-phosphate SigmaAldrich, St Louis,MO, | iversunk EED
USA), diluted in PBSto a riboflavin solution of 0.1% Corneaswere then exposedto a UV lamp
(wavelengti865nm, 3 mW/cm2) for 30 min. whatarethe structuralchangesn collagertype 1? @ Consiglio Nazionale

delle Ricerche
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The Use of Xay Scattering Techniques to Determi@orneal
Ultrastructure
Keith M. Meek*, and Andrew Ruantock

Progress in Retinal and Eye Research Vol. 20, No. 1, pp. 95 to
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