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At least 6 different types of 
adhesive proteins (fp1 ~ fp6)  

Incomplete understanding  
of their adhesive  

and cohesive mechanisms.  

Mussel Adhesive Proteins 

Different roles 

Fluids secreted by Mussels Attachment  
to a variety of substrates 

A solid adhesive plaque 

in-situ crosslinking  



Mussel adhesive protein (MAP)  
 Non-toxic 
 Biodegradable, 
 Low immunogenicity and excellent biocompatibility 
 Strong adhesion in wet environments  
 

 Low productivity 
 High production costs ($75,000 per gram, 10 000 mussels).  

Mussel Adhesive Protein based maTrix = MAPTrix™ (patented technology) 

 500 grams per month of biofunctional mussel adhesive proteins  
 Economical prices, for biotech, medical and industrial applications 

For use  
in a variety of medical,  

biological and  
industrial applications.  

Mussel  
adhesive gene 

Biofunctional mussel 
adhesive protein 

E.Coli 
production 

pH precipitation  
& chemical digestion process 

>90% purity 

MAPTrix systems  



Recombinant Mussel Adhesive Proteins 

  Adhesion to a wide variety of surfaces      Plastic, glass, metal and biological materials  

 Tested negative for bacteria, fungi and 209 species of mycoplasma 

  Low endotoxin  and no E.coli derived protein 

  Adhere to USP guidelines 

  No species specificity 

  Animal-Free 

Ideally an adhesive composition should be composed of all these 6 adhesive proteins :  

 Low expression 
 Difficult purification, etc.  

Fusion protein of fp1 and fp5  
 All current mimetic products are based on fp15 fusion protein (22.6KDa). 

Fusion protein of fp1, fp3 and fp5  
 The fusion protein fp135 (36.8KDa) shows higher adhesive strength and wet resistance
 NEW (results and stability to confirm) 



Mussel adhesive protein 
+ 

ECM mimetics Peptides  

MAPTrix ECM mimetics 



Key functions of Extra-Cellular Matrix 

 Coordinates cellular functions  

through signaling   

with specific cellular adhesion receptors  

= Integrins 

 Transmit mechanical stimuli 

 from the Extra-Cellular Matrix  

to the cytoskeleton 4 

 Mechanical support for cells and tissues 

 Influences cell development, movement and differentiation 



Adhesion 

Migration 

Invasion 

3D culture  

Cell Growth and Differentiation 

Angiogenesis / tube formation 

Vascular permeability 

Metabolism / Toxicology Studies 

Why use Extracellular Matrices? 

Cell Therapy 

Research 

Regenerative 

Medicine 

Wound Healing 

Stem Cell Biology 



Collagen I 

Collagen IV 

Fibronectin 

Laminin 

Binding domains between two ECM proteins 

Binding domains between ECM protein and Cell (Integrin) 

Interactions ECM-Cells  



Cell adhesion to ECM ligands is 
primarily mediated by integrins  

 

Biofunctional surfaces 

Immobilization of short peptides / synthetic materials  
 

Mimic the extracellular matrix, bind adhesion receptors and promote cell adhesion 
Biofunctional surfaces   

≠ Integrins can interact with ≠ ECM proteins 

≠ cells can express ≠ Integrins 

Conventional chemistry approach  
-  Time consuming 
-  Inconvenient  
-  Lacks reproducibility  

Alternative = MAPTrix 



MAPTrix ECM mimetics 

MAPTrix  ECM  mimetics 

-   Biological activity comparable with its corresponding natural ECM protein 

(evidenced in primary and human derived mesenchymal stem cell cultures). 

-   Used in cell culture application alone or in combination with other products.  

Natural 
Fibronectin 

Binding domain  
between two ECM proteins 

Binding domain  
between ECM protein and Cell (Integrin) 

N-term  

and/or  

C-Term 

MAPTrix-F (10 Fibronectin Mimetics),  

MAPTrix-L (9 Laminin Mimetics),  

MAPTrix-C (9 Collagen Mimetics),  

MAPTrix-V (2 Vitronectin Mimetics),  

MAPTrix-E (6 Cadherin Mimetics),  

MAPTrix-H (2 Heparin-Binding Mimetics)  



 Simple 

 Convenient 

 Highly reproducible 

 Lot-to-lot consistency 

 Soluble 

 

In a variety of buffers (including water) 

Under a wide range of pH (pH= 2.0 - 9.5) 

MAPTrix Recombinant matrices 

Applications  

-  Tissue engineering scaffolds 

-  Drug delivery 

-  Coating of medical devices 

-  Surface modification  

Compatible with in vitro techniques (in situ hybridization, immunoassays…) 

“in vivo like” environment 



Control = water 50 ug/mL 25 ug/mL 

100 ug/mL 

Thin smooth film is formed 

MAPTrix™-Fibronectin mimetic, GRGDSP containing 
(Concentration adjusted with water) 

Solidification    60oC for 10 h 

Surface Morphology of MAPTrix™ Coated Plate  

Transparent coated layer 
= 

 good resolution for 
microscopy applications 



MAPTrix Mediated Cell Adhesion and Growth 
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Axons and 

dendritic 

processes 

growth  

MAPTrix laminin facilitated cellular adhesion and growth  
identical to that of natural laminin 



MAPTrix Hygels 

MAPTrix ECM 
+ 

PEG Linker 
=  

3D hydrogel 



2D vs 3D cultures 

 

Morphology, function, 

proliferation, gene 

expression… 

2D 3D 

altered  

Recapitulate  
the tissue 

microenvironment 

Structure (apical/basal polarity), 

function, biological and 

biochemical characteristics  

~ in vivo 

Cells Cells 

 Cell type  

 Cell seeding density 

 Composition of cell culture medium 

 Time of culture 

Thickness, stiffness and composition of 3D Matrices 

Major  variables 

associated with  

3D culture  



Extracted and reconstituted basement membrane = Currently existing products 

 Diverse array of unknown cues  

 Variable composition  

 Variable mechanical properties  

 Lot-to-lot inconsistency  

3D cell culture Matrices 

Synthetic hydrogels  

 Higher lot-to-lot uniformity  

 More controllable and reproducible scaffold structure, gel formation dynamics, degradation rates and 

mechanical properties.  

 Lack of bioactivity or immunogenicity 

MAPTrix HyGelTM  

 Simpler, more reliable and reproducible  

 High lot-to-lot consistency and reproducibility  

 High batch-to-batch reproducibility between samples and vials 

 QC & QA testing in accordance with USP Guidelines  

= Semi-synthetic 3D extracellular matrix that is tailored to mimic specific extracellular properties 

Significant limitations  

Limite their use in biomedical applications  



MAPTrix Hygels 

Mussel adhesive proteins  +  PEG-succinimidyl glutarate 

2 hours 

Covalently bonded three-dimensional (3D) matrix 

Cross-linking 

(MAPTrixTM Linker)   (18% lysine)  

≠ concentration or temperature = ≠ surface morphologies 
 



MAPTrix Hygels 

Easily engineer the elasticity and/or the pore size of the hydrogel by adjusting the 

concentration of MAPTrixTM ECM or MAPTrixTM Linker   

 a single MAPTrixTM ECM / a combination of MAPTrixTM ECM products 

   No animal derived 
components 
 
No cytotoxicity or 
biocompatibility problems 

 
Compatible for microscopy 
and molecular biology analysis 
  

 



Endothelial tube formation 
HUVEC cell culture in MAPTrix Hygel™  

6 hours 18 hours 

MAPTrix Hygels 

Features MAPTrix HyGel™ 

Gel matrix Mussel adhesive protein based hydrogel 

Gelation Chemical reaction between SG (PEG) and amine group (lysine 
residues in MAPTrix™) 

Peptide motif 
presentation 

Recombinantly incorporated in N-terminal (or C-terminal) of 
mussel adhesive protein 

Cellular environment Easy to embody a mimetic microenvironment for combinatorial 
signaling 

Peptide surface density Under test, Easy to be customized surface 

Biodegradation Control Easy, and can be customized 



Stem cells require adhesion to an ECM for survival and growth. 

 

Traditional culture methods for proliferating human stem cells 

- Use of mouse embryonic fibroblasts (MEFs) as a feeder layer 

- Could result in cross-contamination of the human stem cell population with animal components  

- Increases the likelihood of immune rejection during regenerative therapies 

 

MAPTrix® three dimensional (3D) matrix/scaffold  

- Animal protein-free (serum-free) 

- Chemically and physically defined 

- Stem cell carrier and niche mimetic  

- Control of stem cell self-expansion and differentiation 

- For use in stem cell therapy and tissue engineering applications 

MAPTrix and Stem cells 
 



Cell Line Integrins expressed Activity/Role ECM interaction 

Embryonic  
Stem Cell 

Highly level  
(β1 and α3, α5, α7)  

 
Medium level  

(α6, α9, and V)  
 

Major integrins:  
α5β1, α6β1, α9β1, 

αv  

Self-renewal  
& maintenance 

Fibronectin (α5β1 and αVβ1),  
Laminin (α3β1, α6β1 and α7β1), 
Vitronectin (αVβ3, αVβ5) with Nidogen/Cadherin  

Inhibit ESC  
self-renewal 

Collagen (α1β1, α2β1, α10β1, and α11β1) 

Proliferation 
Laminin (111 or 511), 
Vitronectin (αVβ5) 

Differentiation 
α8, α1, α8 and α11  
up-regulated during differentiation 

Mesenchymal 
Stem Cell 

Highly level  
(α1, α2, α3, α7, β1) 

  
Medium level  

(α6, α9, and α11) 

Self-renewal  Laminin 5 LG domain 
Proliferation Laminin (α1β1, α2β1 and α6β1) 

Differentiation Collagen (α1β1, α2β1 and αvβ3) 

Hematopoietic 
stem cell  

Under investigation 
Stem cell homing to 

niche, stem cell 
maintenance  

Fibronectin (α4β1, α5β1, α4β7),  
Laminin and Nidogen  

Neural stem cell  Under investigation 
Stem cell 

maintenance  
Laminin (α6β1 ) 

Integrins that Regulate Stem Cells Fate 

Integrins  

 Heterodimers  : 1 α and 1 β subunits  (18 α + 8 β in mammals) 
 Markers of particular stem cells 
 Regulate many cell functions including proliferation and differentiation. 



Products Catalog Number Functionalities Ref 

MAPTrix™-F 

Fibronectin mimetic 
161071 (GRGDSP) 

Human embryonic stem cell self-renewal 
& maintenance 

1, 2 

MAPTrix™-L 

Laminin mimetic 

162261 (NRWHSIYITRFG) 
162321 (RKRLQVQLSIRT) 
164421 (KAFDITYVRLKF) 

Human embryonic stem cell self-renewal 3 

164211 (LGTIPG) 
164541 (TSIKIRGTYS) 

Human embryonic stem cell self-renewal 4 

MAPTrix™-V 

Vitronectin mimetic 

168021 
(KKQRFRHRNRKGYRSQ) 

 

Human embryonic stem cell self-renewal 5 

1. Engineering integrin signaling for promoting embryonic stem cell self-renewal in a precisely defined 
niche. Biomaterials. 2010, 31(6):1219-26.  

2. Synthetic peptide-acrylate surfaces for long-term self-renewal and cardiomyocyte differentiation of 
human embryonic stem cells. Nature Biotechnology, 28, 606–610 (2010) 

3. Characterization of integrin engagement during defined human embryonic stem cell culture. FASEB J. 
2010 24(4):1056-65  

4. Defined substrates for human embryonic stem cell growth identified from surface arrays. ACS Chem 
Biol. 2007, 2(5):347-55. 

5. A defined glycosaminoglycan-binding substratum for human pluripotent stem cells. Nature Methods 
7, 989–994 (2010)  

References: 

MAPTrix™ ECM for Embryonic Stem Cells self-renewal 



In cell encapsulation, transplanted cells are protected from immune rejection by an artificial, semi-permeable 
membrane, potentially allowing transplantation (allo- or xeno-transplantation) without the need for 
immunosuppression 

 
MAPTrix™ based injectable hydrogel for cell encapsulation  
- Ease of handling 
- Highly hydrated tissue-like environment for cell and tissue growth 
- The ability to form in vivo  
- No inflammatory or immune response in vivo in rat and mouse model 

Some MSCs  

differentiated  

into adipose cells  

MAPTrix mediated differentiation 

Mesenchymal stem cells from male mouse adipose were encapsulated and cultured in MAPTrix Hygel 
Collagen type I for 7 days. 
The encapsulated MSCs were then transplanted to the abdominal cavity of a female mouse for one month 
before analysis (If Y chromosome is detected in the abdominal cavity tissue, it indicates that the tissue came 
from the encapsulated stem cells). 

MAPTrix Hydrogel as a Stem Cell Carrier 

http://upload.wikimedia.org/wikipedia/en/2/27/Cell_capsule_schematic.png


CONTACT US 


