Bioinspired Functionally Graded Composite
Assembled Using Cellulose Nanocrystals and
Genetically Engineered Proteins with

Controlled Biomineralization
ADV.MATER.2021, 33, 2102658

PEZHMAN MOHAMMADI, JULIE-ANNE GANDIER, NONAPPA,
WOLFGANG WAGERMAIER, ALl MISEREZ, AND MERJA PENTTILA



Introduction

* Many biological materials, such as peacock mantis shrimps’
(Odontodactylus scyllarus) clubs, comprise of a durable and
strong structure

* The club structure is a multiphase composite including
interior and exterior parts

* The interior region consists of three components:
* fibrillar chitin

* a protein-rich matrix
* amorphous calcium phosphate and calcium carbonate

* Exterior region consists of the same components in different
organizations and forms

Fischer, G. n.d. Peacoc ntis shrimp. https://www.shutters k.com/fi/image-
photo/peacock-harlequin-painted-clown-mantis-shrimp-1380713624
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Aim of the Research

* The article aimed to design and manufacture a biocomposite that
mimics the unique structure of the shrimp’ clubs utilizing synthetic
biology

* The composite was used to fabricate a dental implant

* To achieve the goal, multiple methods were performed:
* Building-Block component selection
* Nanocomposite assembly (CNC)
* Nanocomposite assembly (MP1)

* Design and fabrication of a dental implant crown
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Cellulose nanocrystal (CNC)
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Reinforcing proteins (RP1-4

e Cellulose binding module (CBM)
* RP4 had the highest performance




Mineralizing protein (MP1)

* Biomineralization of apatite by CMP-1
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Interior Region

* Nanocomposite assembly of the interior
region of the crown

- Consists of CNC and RP4 protein composite

* The interior region need to be impact
resistant

- High stiffness, strength, and modulus of
toughness

SEM image of fractured cross-section
after three-point flexural bending testing



Exterior Region

* Nanocomposite assembly of the exterior
region of the crown

- Consists of CNC, RP4, and MP1

- Apatite crystallization

* The exterior region need to be highly
mineralized, stiff, and hard

SEM image of fractured cross-section
after three-point flexural bending testing



Bioinspired Dental Implant

* A synthetic tooth was built as a proof of concept

* [t was a success
- Similar properties compared to natural tooth

- No cytotoxicity was found

Biomimetic
Crown

Implant

SEM images of the cross-section
cut of the dental implant




The Importance of the Research

* Pioneering study in the field of material technology
* Potential for future applications

* Reflects the future of research and the growing importance of synthetic biology

* Published recently but already cited
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