
Takei J., AATEX 11(3), 170-176, 2006 

101 170

A New Dimension in Cell Biology 
Traditionally, we have been using Petri dishes to 
culture animal cells. Although this well-established 
experimental method has dominated this area of 
study and helped us to understand how cells re-
spond to various external stimuli in an isolated and 
controlled environment, it may also have limited 
our understanding of cells by restricting our views 
to two-dimensions. Cells in our body reside in 
three-dimensional environment surrounded by 
their own extra-cellular matrices (ECMs) which 
are made of various fibrous molecules such as col-
lagen, fibronectin and laminin. These molecules 
form a nano-scale network, or a scaffold, on which 
cells are embedded. 

Recently this discrepancy of dimensions has 
been noted by many Cell Biologists (e.g. Abbot & 
Cyranopski, 2003; Zhang et al., 2005) and the need 
for new cell culture platforms are growing. Fortu-
nately, now there are a few such materials avail-
able commercially. In these new materials, one can 
observe how cells would be really like in vivo in 

more native like set-ups. 
In this brief article, self-assembling peptide 

scaffold (PuraMatrix™) is reviewed. First, seren-
dipitous discovery of the peptides and molecular 
basis of self-assembly is described. Secondly, ad-
vantages of this material over other materials is 
discussed and finally an example illustrating the 
benefit of using PuraMatrix™ will be shown to-
gether with discussion on further implications to 
alternative methods for animal research. 
 
Self-Assembling Peptides as Novel Scaffold-
ing Materials 
PuraMatrix™ is a family of peptides called self- 
assembling peptides (SAPs). Although chemically 
distinct from natural ECMs, SAPs form a network 
of nano-fiber that has a striking resemblance to the 
structure of ECMs (Fig. 2). Self-assembly is a 
commonly found phenomenon in nature in which 
certain kind of molecules assembles into ordered 
structures. Well known examples of self-assembly 
are micellization of surfactant molecules and for-
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mation of lipid bilayers by phospholipids. 
First discovery of self-assembling peptides 

was done serendipitously by Shuguang Zhang of 
Massachusetts Institute of Technology in 1992, 
when he was studying peptide fragments of zuotin, 
a Z-DNA binding protein from yeast. Shown in 
Table 1 are representative of SAPs. 

Zhang found that solution of synthesized 
16-mer peptide of zuotin that corresponds to resi-
dues 310 to 325 (EAK16-II in Table 1) formed 
hydrogel spontaneously under physiological condi-
tions (Fig. 1) at peptide concentrations 1% or as 
low as 0.1%. Intrigued by the result and encour-
aged by a suggestion from Robert Langer also of 
MIT, Zhang analyzed the peptide hydrogel by 

electron microscopy. In the electron micrograph of 
the gel, a web of fibers whose diameters are ap-
proximately 10 to 20 nanometers was observed. 
Further testing of the gel proved that it was resis-
tant to acid, base, heat, protein denaturants and 
proteolytic enzymes (Zhang et al., 1993). From the 
resemblance of the fiber network to that of ECMs, 
it was suggested that this hydrogel might be used 
to culture cells. Indeed, many types of cell lines 
and primary cells were successfully embedded in 
the hydrogel and attached to it, further suggesting 
possibilities in use in Tissue Engineering (Zhang et 
al., 1995). 

The mechanism of the cell attachment re-
mains to be clarified. However, it has been shown 

 

Fig. 1 
1% PuraMatrix™ self-assembled (i.e. made
into hydrogel) by PBS. Unassembled 200L
1% solution of PuraMatrix™ was placed on a
plastic surface and gellation was initiated by
surrounding the droplet with PBS. Diffusion
of buffer and salt into the peptide solution
causes self-assembly which takes place in less
than one minute. 

Fig.2
Scanning electron micrograph of self- assembled Pu-
raMatrix™. The diameter of the fibers and the range
of the pore size are approximately 10-20 nm and
50-200 nm, respectively. The web of these nano-fiber
spreads into three dimensions, mimicking the envi-
ronment created by natural ECMs in organisms. Im-
age courtesy of Shuguang Zhang.  

Table 1  Representative self-assembling peptides (SAPs) and their sequences. Charged and
hydrophobic amino acid residues alternate and around neutral pH, charges are alternatingly
positive and negative along the sequence. In solution, these peptides are in -strand conforma-
tion. As a result, charged and hydrophobic sidechains localize on two sides of the peptide chain.
 

Sequence  Peptide nomenclature 

Ac- (RADA)4 -CONH2  RAD16-I (PuraMatrix™) 

Ac- (RARADADA)2 -CONH2  RAD16-II 

Ac- (AEAK)4 -CONH2  EAK16-I 

Ac- (AEAEAKAK)2 -CONH2  EAK16-II 

Ac- (KLDL)3 -CONH2  KLD12-I 

Ac- (FKFE)2 -CONH2  KFE8-I 
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that cells do not attach to the hydrogels of SAPs 
via RGD-dependent integrin receptors (Zhang et 
al., 1995). As shown in Table 1, there are many 
other SAPs developed in Zhang’s group. SAPs are 
between 8 to 16 amino acid residues with car-
boxylated and amidated termini and all have simi-
lar self-assembling and cell attachment properties 
with minor variability depending on the peptides’ 
length and types of amino acids in the sequence. 
What’s implied by the universality among the pep-
tides is that these hydrogels provide cells with at-
tachment surfaces by means of physical structure 
unlike biochemically specific interactions seen in 
ligands and receptors. 

Among the listed SAPs, 1% aqueous solution 
of RAD16-I is commercially available from 
3-DMatrix Inc. (Mass, USA) as PuraMatrix™, and 
is being widely used as a research reagent for cul-
turing cells and in drug delivery systems (DDS). 
Major chemical component of PuraMatrix™ is the 
peptide RAD16-I, and trace amount of HCl is 
added to adjust the pH of the solution. In addition 
to the fact that hydrogels of SAPs can be used as 
cell culture scaffold, concerns on transmittable 
diseases and unknown pathogens from animal 
products made PuraMatrix™ an ideal material in 
Tissue Engineering that substitutes collagens and 
other animal-derived materials. 

Formation of nano-fiber, or macroscopically, 
formation of hydrogel of SAPs is due to 
self-assembly of the peptide molecules, and the 
physico-chemical principles that govern the as-
sembly are the peptide sequence itself and the 
chemical environment that surrounds the mole-
cules. 

First of all, it was found that the alternation 
between hydrophobic and charged amino acids is 
critical. For example, in RAD16-I R (arginine) and 
D (aspartic acid) are charged at physiological pH 
and A (alanine) is sandwiched between every R 
and D. Likewise, for RAD16-II, alanine residues 
succeed arginines for the first four residues, fol-
lowed by the same pattern with aspartic acids and 
alanines. Equally important is the symmetric al-
ternation of positive and negative charges. In 
RAD16-I, R and D alternates with A in between 
them, resulting +, -, +, -, etc… and in RAD16-II, 
two Rs and Ds alternates to result in +, +, -, -, etc 
(Fig. 3). From these findings, self-assembly is 
thought to occur first by electrostatic attraction 
between positive and negative charges. Compli-
mentary distribution of charges may regulate rela-
tive positions of neighboring molecules. Further-

more, the circular dichroism spectrum of the pep-
tide exhibited typical -strand characteristics and 
this implied formation of inter-molecular hydrogen 
bonds of the backbone. Also suggested from the 
-structure were hydrophobic interactions of neu-
tral amino acid residues that are localized on one 
side of the -sheet. 

As for external factors that promote self-as-
sembly, a few millimolar monovalent metal cations 
and pH near iso-electric point (pI) of the peptide 
are found critical. Satisfying either one of the two 
is sufficient for self-assembly. This is explained by 
reduction of electrostatic repulsions. That is, if 
strong monovalent ions are present, they screen 
sidechain charges between peptide molecules at 
any pH, or if the pH is close enough to the pep-
tide’s pI, overall charge of the peptide is closed to 
null, resulting in similarly reduced electrostatic 
repulsion. 

To summarize internal and external determin-
ing factors for SAP to self-assemble; 
 
1. The peptide forms -strand structure in solu-

tion and localizes charged and hydrophobic 
sidechains on opposite sides of the peptide 
chain. 

2. The peptide has alternating charges and the 
charges are complimentary to the neighboring 
peptide molecules. 

3. The peptide is able to form sufficiently strong 
hydrophobic interactions between neighbor-
ing peptide molecules. 

4. The peptide charges are screened by monova-
lent counter-ions. 

5. The overall peptide charge is or close to null 
near the peptide’s pI. 

 
Either condition 4 or 5 must be satisfied with all 
other conditions. 
 
Comparison of Matrices 
To illustrate the advantage of SAP scaffolds, let us 
compare SAP scaffolds and so-called three- di-
mensional synthetic materials that have been used 
in Tissue Engineering. 

Poly-(lactic acid) (PLA, PLLA), poly- (gly-
colic acid) (PGA) and poly-(lactic acid-co-gly-
colic) (PLGA) are the representatives of one group 
of such materials and they have been widely used 
for their biocompatibility and biodegradability, 
albeit to limited degrees. Another category of such 
biomaterials are porous inorganic compounds such 
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compounds such as -tricalcium phosphate (TCP) 
and hydroxyapatite (HA). HA is naturally found in 
hard tissues and TCP is structurally and chemi-
cally very similar to HA, thus both are biocom-
patible. These materials are to mimic natural 
environment for cells by supporting attachment 

and dispersion of cells in a three-dimensional 
manner, to facilitate cells to proliferate and differ-
entiate. Studies with these materials proved impor-
tance of scaffolding material for engineering tis-
sues, i.e. three-dimensional culture. 

The surface dimensions of these materials are, 

 

Figure 3 
A molecular model of PuraMatrix™ in -strand conformation. Positive and negative charges
alternatingly appear on one side of the peptide chain, and hydrophobic sidechains are local-
ized on the other side. 

Figure 4 
Phase contrast and immuno-fluorescence microscopy of Lig-8 after 96 hours on an adhesive
Petri dish (panels E & F) or in PuraMatrix™ hydrogel (panels G & H). In the conventional
two-dimensional culture, cells do not express albumin, a typical marker for mature hepato-
cytes, whereas in the three-dimensional culture, cells are clustered and expressing high lev-
els of albumin. Also similar trends were observed for expression levels of other liver specific
markers cytochrome P450s, CYP1A1, CYP1A2 and CYP2E1. This figure is reproduced
from Semino et al. (2003) with permission. 
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however, tens of micrometers and is larger than the 
thickness of natural ECMs by 102- to 104-fold. Due 
to this size, cells (ca. 5 m) attached to these scaf-
fold experience curved surfaces with gaps so vast 
that it is impossible for them to travel across. In 
other words, cells are cultured on two-dimensional 
surfaces. 

On the other hand, cells in organisms are con-
stantly exposed to physical forces (tension, com-
pression etc.) and in most cases, cells are sur-
rounded by other cells and cells’ own ECMs, to-
gether constructing three-dimensional (3D) envi-
ronment. Since micro-mechanical forces through 
the network of cyto-skeleton of the cell, or tenseg-
rity (tension+integrity) are as important factors as 
chemical stimuli, shape and relative size of at-
tachment surfaces become critical factors for cells 
proliferation and differentiation (Ingber, 1993). 
Microenvironments created by Petri dish, polymers 
such as PLA, TCP and HA, however, do not re-
capitulate surfaces of natural ECMs that are crucial 
to provide cells with appropriate physical strains. 

Natural ECMs are superior to the above men-
tioned synthetic materials in terms of degradability, 
compatibility and cell attachment. Their chemical 
properties and the finite structures are the ultimate 
goals of artificial scaffolds for the better adhesion, 
growth and differentiation of cells. One of the 
natural ECMs is collagen, originally approved for 
cosmetic surgical use. When terminal 22 residues 
(telopeptide) are enzymatically removed, it is 
called atelocollagen and is one of the most widely 
used animal-derived ECMs. It is available in hy-
drogel form and also in sponge form for wider ap-
plicability. Hydrogel form is injectable, and clini-
cal advantages of it are that it can be molded in 
irregularly shaped defects and more importantly, 
the surgery can be performed less invasively. 

There are some problems for these “natural” 
ECMs. Inconsistency between product lots is most 
problematic for research purposes. In particular, 
levels of cytokines and growth factors in ECM 
extract (e.g. “Matrigel™”) are known to vary and 
indefinable chemically by lots. The presence of 
these additional, indefinable factors often interfere 
one’s interpretation of experimental data, and 
sometimes experimental design itself. In addition 
to these factors, the matrix itself is sometimes an 
interfering factor in case one is to elucidate the 
cellular responses triggered by the matrix proteins. 
Clinically the foremost and potentially serious one 
is contamination of known and unknown transmit-
table pathogens from source animals, although this 

may not be so much of an issue for research use. 
To summarize desirable qualities of ideal 

three-dimensional scaffold materials for research 
use, they should; 
 
1. Have smaller dimensions relative to the size 

of cells 
2. Be able to culture cells in three-dimensional 

environment 
3. Be chemically synthesized with constant 

quality between lots and 
4. Be chemically synthesized and chemically 

definable 
 
In Vitro Application of PuraMatrix™ and 
Implications to Non-Animal Research 
Shown in Table 2 is a list of successful application 
of PuraMatrix in vitro. In the light of reducing 
animal experiments, of particular interest is the 
successful differentiation of liver progenitor cells 
to functional spheroids (Semino et al., 2003). The 
authors cultured a putative liver progenitor cell 
Lig-8 on adhesive Petri dish and PuraMatrix™. 
The Petri dish culture expanded exponentially but 
lacked mature hepatocyte-typical markers. In con-
trast, in PuraMatrix™ culture, the cells expanded 
non-exponentially and formed spheroids in 96 
hours. The spheroids exhibited hepatocyte markers 
including albumin (Fig. 4) and cytochrome P450s 
among several others. Metabolic function of the 
spheroids was also confirmed by addition of caf-
feine to the cells. 

In addition to the above example, two inde-
pendent groups were able to culture primary vas-
cular endothelial cells in vitro (Narmoneva et al., 
2004; Narmoneva et al., 2005; Genove et al., 2005). 
Others reported in vitro cultures of a neuron cell 
line (Holmes et al. 2000), primary chondrocytes 
(Kisiday et al., 2002), osteoblasts (Bokhari et al., 
2005), neural stem cells (Zhang et al., 2005) and 
other cells using PuraMatrix’s three-dimensional 
micro-environment. 

Use of PuraMatrix™ may be able to replace 
many experiments done in animal models. During 
drug discovery, candidate molecules are screened 
for their toxicity (Dambach et al., 2005; Groneberg 
et al. 2002), and because liver is the most vital or-
gan for metabolism, cultured hepatocytes are often 
used for this purpose. This toxicity screening is 
otherwise done by animal toxicology testing. Tox-
icity screening in animal less desirable not only for 
its cruelty but also for its efficacy as toxicity of 
screened molecules may be different on human 
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from that of tested animals (Dambach et al., 2005). 
For in vitro hepatotoxicity screening, long 

term maintenance of liver specific functions of 
isolated hepatocytes remains a challenge. Currently, 
because of the ease of experimental setting up, 

hepatocytes are cultured on collagen-coated or 
non-coated Petri dish on which they lose their 
live-specific functionality within few days. 

As shown in the above example, by using Pu-
raMatrix™, hepatocytes can be cultured in the 
peptide hydrogel scaffold. These cultured sphe-
roids could become an effective, economical and 
humane alternative for drug discovery and may 
also become used for high-throughput screening of 
large libraries of drug molecules. The use of hu-
man hepatocyte culture in vitro could potentially 
reduce failure rate of drugs in clinical trials, by 
ensuring species-specific toxicity data before hu-
man safety tests. 

Cancer Biology is also an area of study which 
may benefit from the use of three-dimensional 
culture system (Zhang et al., 2005). Various types 
of cancer models may be established by culturing 
existing and new cancer cells in PuraMatrix™ en-
vironments, eliminating the need of animal models. 
Also these in vitro three-dimensional models may 
be used for studying molecular and cellular 
mechanisms of metastasis, cell invasion and drug 
resistance. Because PuraMatrix™ does not contain 
growth factors, cytokines and matrix proteins, 
these studies can be done under defined conditions. 

Last but not least, PuraMatrix™ is an ideal 
material for Tissue Engineering and other 
cell-based therapies. In addition to the advantages 

mentioned above, it is free of animal-derived 
pathogens, biodegradable and biocompatible. 
Safety is the foremost important factor for clini-
cally used materials, and by having both advan-
tages of synthetic and natural biomaterials, Pu-

raMatrix™ may become universally accepted Tis-
sue Engineering scaffold in the near future. 
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