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Fig. 1. Two active peptides from laminin a1 LG4 module 

Peptide Mosaic Chitosan Membranes Promote Diverse Biological 
Functions 

Natsumi Yamagata, Kentaro Hozumi, Yamato Kikkawa , and Motoyoshi Nomizu*  

Tokyo University of Pharmacy & Life Sciences, Hachioji, Tokyo, 192-0392, Japan 
E-mail: nomizu@ps.toyaku.ac.jp 

 
Introduction 
  Basement membrane, a thin layer of extracellular matrix 
(ECM), plays a critical role in tissue regeneration and 
remodeling. Laminins are large heterotrimeric 
glycoproteins that are located in the basement membranes 
of whole bodies like epithelial, muscle, nerve, and fat 
tissues. They play important roles in basement membrane 
including cell adhesion, migration, proliferation, and 
differentiation. The laminin !  chain contains a large 
module at their C-terminal region (G-domain), which 
contains five laminin globular domains (LG1-5 modules), 
and each module consists of about 200 amino acids. 
Laminin-1, a major isoform present in early embryonic 
stages, consists of ! 1, " 1, and #1 chains. The laminin ! 1 
LG1-3 is required to interact with integrin ! 6" 1 and 
LG4-5 interacts with heparin/heparan sulfate, syndecans, 
perlecan, fibulin-1, sulfatides, and a-dystroglycan. 
  Previously, we have identified about 20 cell adhesive 
sequences from laminin-1 using 673 synthetic peptides 
covered the entire sequences. These peptides showed 
various biological activities including promotion of cell 
spreading, cell differentiation, neurite outgrowth, 
angiogenesis, and wound healing. We also found two 
active synthetic peptides, AG73 (RKRLQVQLSIRT, 
2719-2730) and EF1zz (ATLQLQEGRLHFXFDLGKGR, 
X: Nle, 2749-2768), from the sequence of mouse laminin 
! 1 LG4 module. AG73 binds to syndecan, a 
transmembrane proteoglycan, and promotes cell adhesion 
with ruffring membrane, migration, invasion, 
differentiation, and gelatinase production, neurite 
outgrowth, and angiogenesis. EF1zz binds to integrin ! 2" 1 
and promotes cell spreading with well-organized actin 
stress fibers. Recently, we created mutant recombinant 
LG4 proteins (rec-LG4) containing alanin substitutions 
within either AG73 or EF1 sequence and examined their 
activities for receptor binding, cell adhesion, and cell 
spreading [1]. A mutant LG4 at AG73 eliminated cell 
attachment and syndecan binding activities, indicating that 
cell attachment of LG4 is mainly mediated through 
syndecans and the AG73 site is critical for the interaction. 
Cell spreading of fibroblasts on LG4 was reduced by 
mutation in the EF1 of LG4 and inhibited by antibodies to 
integrin ! 2 or " 1, suggesting that the EF1 site of LG4 is 
mainly involved in the cell spreading. These results 
indicate that the AG73 site of LG4 binds to cells through 
syndecans and the EF1 site promotes cell spreading 
through integrin ! 2" 1. 
  Chitosan, deacetylated chitin, is a polysaccharide. 
Chitosan is biodegradable and has been shown to improve 
wound healing. Chitosan membrane alone adheres to 
tissues but does not show cell attachment. Chitosan 
membranes have been used for medical applications, such 

as suture thread and artificial skin. Previously, we 
conjugated laminin active peptides on a chitosan 
membrane as an ECM mimetic to apply for tissue 
engineering [2,3]. The biological activities of peptides 
were clearly enhanced after conjugating to the chitosan 
membrane. We also demonstrated cell- and peptide-type 
specific functions of the peptide-chitosan membranes.  
  Here, we focus on two laminin active peptides, AG73 
and EF1zz, bound to syndecans and integrin ! 2" 1, 
respectively. We conjugated both peptides onto chitosan 
membranes with various ratios to mimic the function of 
LG4 protein and examined the biological activities 
including cell attachment, cell spreading, and neurite 
outgrowth (Fig. 1).  

Results and Discussion 
 Two biologically active peptides, AG73 and EF1zz 

derived from mouse laminin ! 1 LG4, were synthesized 
with a Cys-Gly-Gly (CGG) sequence at the N-terminus. 
The Cys residue was utilized for conjugation of the 
chitosan membrane and the two Gly residues were used for 
spacer. Chitosan was reacted with N-(maleimidobenzoy 
loxy)- succimide (MBS) to obtain MB-chitosan. 2 !g of 
the MB-chitosan was added on tissue culture plates and 
then dried to prepare the MB-chitosan membrane. The 
CGG-peptides were added to the plates and covalently 
coupled to the MB-chitosan membrane by N-terminus 
conjugation. 

 First, we examined cell adhesion and cell spreading on 
the AG73- and EF1zz-chitosan membranes using human 
foreskin fibroblasts (HFFs). The AG73-chitosan membrane 
promoted strong cell attachment, and cells did not spread 
well and showed diagnostic round shape with filopodia 
formation (Fig. 2a). The EF1zz-chitosan membrane also 
promoted cell attachment but it was weaker than AG73. 
On the other hand, HFFs on EF-1zz-chitosan membrane 
spread very well with elongated morphology (Fig. 2b). 
Further, both AG73 and EF1zz peptides were mixed with 

 Fig. 1. Two active peptides from laminin ! 1 LG4 module. 
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various ratios and conjugated on the chitosan membranes, 
and cell attachment and spreading was examined. HFFs 
attachment activities and morphologies were changed 
depend on the molar ratio of two peptides of AG73 and 
EF1zz. When AG73 and EF-1zz were mixed with 9:1 
molar ratio, HFFs showed more spread morphology 
distinct from AG73 only (Fig. 2a, 2c). And 1:1 ratio 
indicated more spread morphology (Fig. 2d). Interestingly, 
when AG73 and EF1zz was mixed with 1:9 HFFs showed 
the most spread morphology and also indicated the 
strongest cell attachment activity (Fig. 2e). These results 
suggest that the peptide-chitosan membrane interacted with 
both syndecan and integrin "2#1, and cell attachment and 
cell spreading can be regulated by mixing of two different 
peptides on a chitosan membrane.  

Next, we prepared recombinant mouse laminin ! 1 LG4 
protein, and examined cell adhesion and cell spreading 
activities on the protein-coated plate using HFFs. HFFs 
attached to rec-LG4 coated plate and spread as previously 
reported (Fig. 2f) [1]. On the other hand, when we 
compared the cell spreading between rec-LG4 and a 
peptide-chitosan membrane conjugating AG73 and EF1zz 
peptides mixed in a 1:9 molar ratio, they showed very 
similar morphology. This result indicates that AG73:EF1zz 
mixture molar ratio with 1:9 is very unique point that 
effects almost the same cell spreading as rec-LG4 protein. 
Further, we looked at the organization of actin stress fibers 
and vinculin localization to focal contacts of HFFs on the 
AG73-EF1zz mixed-chitosan membrane and rec-LG4 by 
immunostaining, because cell spreading is essential for cell 
migration and invasion through rapid regeneration of actin 
stress fibers. HFFs on rec-LG4 formed well-organized 
actin stress fibers and focal contacts containing vinculin 
(Fig. 3a). AG73-EF1zz (molar ratio; 1:9)-chitosan 
membrane also formed actin stress fibers almost the same 
as cells on rec-LG4 (Fig. 3b). These results also indicate 

that chitosan membrane with AG73 and EF-1zz (1:9) 
provided a similar environment to the HFFs as rec-LG4.  

It has been known that laminn-1 is expressed in 
embryonic brain and post-natal cerebellum. And laminin 
mediates the interaction between neuronal and glial cells 
and plays a role in determining the neuronal migrating 
direction. We next examined neurite outgrowth activity of 
the peptide-chitosan membranes and the proteins using 
PC12 rat pheochromocytoma cells. PC12 cells were used 
to analyze cell differentiation because the cells have been 
previously shown to exhibit neurite outgrowth when they 
are attached to laminin-1 and to certain synthetic peptides. 
PC12 cells were primed by nerve growth factors for 24h 
and then cultured on peptide-chitosan membranes or 
rec-LG4. After 24 h, neurite outgrowth was observed. 
Previously, we demonstrated AG73-chitosan membranes 
strongly promote cell attachment and neurite outgrowth. 
EF1zz-chitosan membrane did not promote neurite 
outgrowth. When AG73 and EF1zz peptides were mixed 
with various ratios and conjugated on the chitosan 
membrane, AG73-EF1zz (molar ratio, 1:9)-chitosan 
membranes promoted strong neurite outgrowth and cell 
attachment (Fig. 4a) like laminin-1 comparing to AG73 
single-conjugated chitosan membrane (Fig. 4b). Rec-LG4 
also promoted neurite outgrowth like AG73-EF1zz 
mixed-peptide chitosan membrane (Fig. 4c). These results 
indicate that the AG73-EF1zz mixed-peptide chitosan 
membranes promote both syndecan- and integrin-mediated 
biological functions and seem to reconstruct LG4 protein 
on the chitosan membrane. 

 
 
 
 
 
 
 
 
 
 
 
In this study, we conjugated two peptides derived from 

laminin ! 1 LG4 module with various ratios on a chitosan 
membrane. The AG73-EF1zz mixed-peptide chitosan 
membranes promoted cell attachment and neurite 
outgrowth like LG4 protein. The cell attachment and cell 
morphology were dependent on the ratios of the syndecan 
and integrin ! 2" 1 binding peptides on a chitosan 
membrane. The peptide mosaic chitosan membrane can 
control several cell functions and mimic the LG4 module. 
We conclude that peptide mosaic chitosan membranes 
have the potential to be used as a tailor-made and 
tissue–specific biomedical material. 
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 Fig. 2. Cell morphology on AG73-EF1zz mixed-chitosan 
membranes and rec-LG4. 

 Fig. 3. Cell organization on the rec-LG4 and mixed 
peptide-chitosan membrane. 

Fig. 4. Neurite outgrowth on the peptide-chitosan 
membrane and rec-LG4. 

 


