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The current application status of collagen

Traditional application fields Emerging high value-added fields
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Leather, food Tissue engineering, sensing, adsorption, catalysis, etc

B In the early days, collagen was mainly applied in traditional fields.

B Collagen materials are diverse in form, have excellent and controllable material properties, and are functionalized 1
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Extraction and processing of collagen molecules
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B At present, collagen molecules are mainly extracted through methods such as acid hydrolysis and enzymatic hydrolysis.

B Meanwhile, crosslinking agents are needed in the process of processing collagen molecules into materials 2
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The limitations of collagen molecule dissolution processing

The material properties are not ideal
(mechanical, thermal stability,)

Controllability of assembly at the
macromolecular scale

ad

Harsh storage conditions for collagen
solution

Compatibility of blended composite
systems 1

B The performance advantage of collagen in aggregate structure is lost during the dissolution process.

B Constructing materials at the molecular scale is somewhat complex.
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The structure and properties of collagen

The multi-level structure of collagen Natural collagen aggregates have
| excellent properties
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fabrication.
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B Collagen has a multi-level structure, including molecules, aggregated states, and tissues.

B Collagen aggregates have a higher Young's modulus and thermal stability, similar to nanocellulose. 4
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The advantages of collagen aggregates in material construction
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B Collagen aggregates have many advantages when constructing materials, such as providing multi-level adsorption sites, Forming a

three-dimensional network structure, etc.
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The resolution of collagen aggregates
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At present, the resolution of collagen aggregates mainly uses acid solutions and mechanical treatment:
B The splitting method is single (acid solution + mechanical);

B The splitting mechanism is not clear.

B The controllable resolution of collagen aggregates was not involved.
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Method for splitting collagen aggregates 1
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Figure 1. The splitting process of collagen aggregates.

B Method 1: Use urea/guanidine hydrochloride combined with high-pressure homogenization to separate collagen aggregates

B The splitting process is controlled by the number of homogenizations



Research Background Research Progress Research Conclusion

Mechanism
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Figure 2. (a) POM images of collagen, (b) - (d) molecular dynamics simulations and (e) FT-TR spectra during the splitting
process.

B The results from POM images and molecular dynamics simulations demonstrate that the dissociation of collagen

aggregates is due to hydrogen bonds and Coulomb forces between urea and collagen, as well as van der Waals

forces between guanidine hydrochloride and collagen. 8
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Method 2 for splitting collagen aggregates
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Figure 3. The separation process of collagen aggregates.

B Method 2: Bovine tendons were subjected to freeze-thaw cycles in Sodium hydroxide/urea

solution and combined with ultrasound to obtain collagen aggregates from separation
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Controllable resolution of collagen aggregates
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B Controllable splitting: Collagen aggregates with
diameters of 26-300 nm and aspect ratios of 16-
1080 were obtained by changing the number of

freeze-thaw cycles and ultrasound time.

B The splitting process did not significantly damage

the triple helix structure of collagen.

Figure 4. The splitting process of collagen aggregates (a) - (h) SEM images, (1) POM images and (j) FT-TR spectra.
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Mechanism
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Figure 5. Molecular Dynamics simulation.
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Collagen aggregate films and their mechanical properties-Verify the performance of collagen aggregates
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Figure 6. Construction of collagen membranes and their mechanical properties. (a) Flowchart of collagen membrane preparation, (b) SEM image, (c) typical 1 2
stress-strain curve, and (d) the arrangement process of collagen aggregates when the membrane is subjected to force.
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The application potential of collagen membranes -pH responsiveness
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Figure 7. pH responsiveness of M-cycle3. (a) Digital photos after soaking in aqueous solutions with different pH values, (b) changes in optical
transmittance, (¢) SEM, (d) Cycling responses of aqueous solutions at pH= 1,7 and 12, (e) arrangement of collagen aggregates with pH changes.

B Collagen films have great application potential.
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The application potential of collagen membranes - Conductive composite films
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Figure 8. (a) Digital photo of M-cycle3/ carbon nanotube composite film. (b) Resistance change curve of the composite film
after 400 bending cycles when the carbon nanotube content is 10 wt%. (c) Digital photo of the conductivity change of the
carbon nanotube composite film with different contents.
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The application potential of collagen membranes - biocompatibility
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Figure 9. Biological evaluation (a) multiple changes in metabolic activity on days 4, 7, and 10 compared with day 1 (b) Collagen membrane on the
back of rats and the implantation site of control silk (¢) Hematoxylin and eosin (H&E) staining images of tissues one week after subcutaneous 1 5
implantation (scale: 100 um).
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(1) Achieve controllable separation of collagen aggregates;

(2) Compared with the films prepared from collagen solutions, the membrane materials with collagen
aggregates as structural units have superior mechanical properties and environmental stability;

(3) The unique structure of collagen aggregates enables collagen membrane materials to exhibit excellent
application potential in optics, electronics and biomedicine.
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