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Intermolecular Structure

Overlap + Gap = D-period
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Types of Crosslinking

By bonding types: By species involved: e

* Covalent * [norganic U\k
* Electrostatic * Organic

* Hydrogen bond e Zero-linker

* \VVan der Waals ¢ A8




Types of Crosslinking

By binding sites:
* Intra / Intermolecular

* Telopeptidyl / Helical

/




Synchrotron X-ray Scattering
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Diffraction Peaks
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Electron Density Contrast
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Data Analysis

Efficiency and Accuracy: -.I —
 Detailed molecular modelling II I
* Rough modelling

* Overall peak analysis

(Odd/even order peaks,
representative peaks)

Orgel, J.P., Irving, T.C., Miller, A. and Wess, T.J., 2006. Microfibrillar structure of type | collagen in situ. Proceedings of the National Academy of Sciences,
103(24), pp.9001-9005.
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at increasing glucose, galactose and ribose concentrations and at different time points studied using scanning X-ray microscopy. IUCrJ, 8(4), pp.621-632.




Crosslinking (Binding) Mechanisms

e Cr(INN), Zr(IV)
* GA (dialdehydes), EDC, Oxazolidine, THPS
* Vegetable tannins




Chromium (111)
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Chromium (l11)

Peak intensity changes:

« 3rd decreases, 5" onwards

s 5 increases
z | 3 * R(5/3): 0.22 for pickled, ~5 for
£ g wet blue
S
q (nm’)

Mechanism:
* Site-specific binding
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Chromium (lll): Concentration

Peak intensity changes:

 Overall (especially 6') increase
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Chromium (lll): Anion

e Coll-2.5-CC Peak intensity changes:

3rd

* SO,* leads to intensity
changes, Cl- does not

* Weakened peaks

Intensity (arb. units)

Mechanism:

0.3 0-‘(11 (n%ﬁ) 06 070809 * Both occurs in the matrix
* Priority regulated by anions

Zhang, Y., Mehta, M., Mansel, B.W., Ng, H.W., Liu, Y., Holmes, G., Le Ru, E.C. and Prabakar, S., 2020. Anion-regulated binding selectivity of Cr (Ill) in I A RAGD
collagen. Biopolymers, 111(11), p.e23406.




Chromium (lll): Anion

Peak intensity changes:
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Zirconium (I1V)

Proposed mechanism:

* Mixed binding mechanisms
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Zirconium (IV)
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Peak intensity changes:

* Strong peaks, 3" decreases, 4t"
onward increases

* R(5/3): ~5 for Zr(IV) tanned

Mechanism:

e Site-specific binding dominates,
similar to Cr(Ill)

\ 2022
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Crosslinking (Binding) Mechanisms

e Cr(IN), Zr(1V)
* GA (dialdehydes), EDC, Oxazolidine, THPS
* Vegetable tannins




Glutaraldehyde N % E

() (w1)

P a- [3 unsaturated Schlff
base intermediate
A—NH, =2 A
( )Collagen N

* Many routes (1) /SCS.':;{ase\ A

Proposed mechanism:

(v)

¢ POtentia”y pOIymerise A—N ©——© n=0 -NH, and -CHO of structure V
0—2 ;(xu)

n>0 aldol polymerization of structure V

Xl) A
N-alkyl-2,6-dihyd ridin |
(XIV) Pyridinium Y ydroxypiper (VIII) ree -NH, +
Secondary amine
W
(Xn1)  «-oxo-N-alkyl
piperidine crosslink

Quatenary pyridinum
(X) Aliphatic crosslink <5|X) type crosslink




Glutaraldehyde

Peak intensity changes:
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Dialdehydes
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EDC

Proposed mechanism:
* Peptide bonds (Zero-linker)
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EDC
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pericardium: Mechanistic insights via structural characterisations. Acta Biomaterialia.

Peak intensity changes:

e Zero-linker

* R(5/3): unchanged

Mechanism:

* Triggering the crosslinking

X LASRA



Oxazolidine
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c. Possible oxazolidine - collagen interaction
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Proposed mechanism:
* Covalent linkage with —NH, groups

* Triggering or involving
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Oxazolidine
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THPS

Proposed Mechanism:

* Covalent linkage with
—NH, groups

H.0
OH : OH
NI -, o, i
(A) a- )'f—\DH = ) HY M
HO HO
H,0
.
0 oH _J  RNH
.
B Run o H I\H = FHEHE ‘_ H)'\H
({}H ) ({}H
(C) HO_; RNH HON_p,




Peak intensity changes:

* Consistent changes to a moderate

£ extent
2 * R(5/3): from 0.22 to 0.47
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Crosslinking (Binding) Mechanisms

e Cr(IN), Zr(1V)
* GA (dialdehydes), EDC, Oxazolidine, THPS
* Vegetable tannins




Vegetable Tannins tz iLQ
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Vegetable Tannins

Peak intensity changes:
* Background enhanced, peak weakened

* R(5/3): largely indifferent from

uncrosslinked

Mechanism:

e Unspecific binding, similar to Cr(lll) when
electrostatic binding dominates




Summary

* Molecular level insights without interference from unbound species
* Microscale mapping for uniformity
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* Other ratios (such as R(6/5)) representing hydration levels, which
relate closely to thermal properties

2 AICLST
, 2022

Zhang, Y., Zhang, W., Snow, T., Ju, Y., Liu, Y., Smith, A.J. and Prabakar, S., 2022. Minimising chemical crosslinking for stabilising collagen in acellular
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