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Abstract: Designer self-assembling peptides are a category of emerging nanobiomaterials 

which have been widely investigated in the past decades. In this field, amphiphilic peptides 

have received special attention for their simplicity in design and versatility in application. This 

review focuses on recent progress in designer amphiphilic peptides, trying to give a compre-

hensive overview about this special type of self-assembling peptides. By exploring published 

studies on several typical types of amphiphilic peptides in recent years, herein we discuss in 

detail the basic design, self-assembling behaviors and the mechanism of amphiphilic peptides, 

as well as how their nanostructures are affected by the peptide characteristics or environmental 

parameters. The applications of these peptides as potential nanomaterials for nanomedicine and 

nanotechnology are also summarized.
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Introduction
Molecular self-assembly is one of the most important strategies for fabricating 

nanomaterials. As a novel “bottom-up” strategy complementary to traditional “top-down” 

strategy, molecular self-assembly has received considerable attention ever since its 

emergence decades ago.1–3 Generally, molecular self-assembly could be briefly defined 

as the spontaneous aggregation of molecules into well-ordered nanostructures, which 

are usually driven by non-covalent bonds such as ionic bond, hydrophobic interaction, 

van der Waals interaction and hydrogen bond. According to this definition, it is clear 

that a successful design of molecular self-assembling materials requires deliberate 

understanding and control of the chemical and geometrical properties of the molecu-

lar building blocks. Fortunately, nature as a great master has provided us countless 

paradigms for designing molecular self-assembling materials: the formation of bilayer 

membrane by lipids, virus capsid by protein subunits, double helix by DNA strands, are 

all self-assembling processes. Taking these self-assembling systems created by nature 

as models, biomolecules such as lipids, peptides and nucleic acids have already been 

used as building blocks and many sophisticated self-assembling materials have been 

developed. Furthermore, with the recent development of biotechnology, genetic engineer-

ing, synthetic and material chemistry, de novo designer self-assembling molecules have 

also been developed rapidly.4–11 These novel self-assembling molecules, biomimetically 

derived or de novo designed, have shown great potential as nanomaterials in a wide range 

of fields including regenerative medicine,12–18 cancer research,19–21 three-dimensional 

(3-D) cell culture,22–29 drug and gene delivery,30–39 nanotechnology40–42 and so on.

Among these molecular self-assembling materials, a category of amphiphilic 

peptides characterized by the structure of a hydrophobic tail and a hydrophilic head  
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have received especially rapid development. Taking hydro-

phobic interaction as the predominant driving force, they 

could undergo self-assembly in aqueous solution and form 

various nanostructures with certain applications. The remark-

able importance of these amphiphilic peptides may come 

from the following advantages: 1) Since life is originated 

from water and all biological processes are happening in 

aqueous environment, hydrophobic interaction might be 

one of the most initial and important driving forces for 

self-assembly. For this reason, designing amphiphilic pep-

tides employing hydrophobic interaction for self-assembly 

might be the most rational and convenient strategy. 2) The 

architecture consisting of only two parts, one hydrophobic 

and the other hydrophilic, might be the simplest to design 

self-assembling molecules, as well as to study the molecular 

mechanisms and parameters affecting the self-assembly. 

3) There are many existing examples in nature, such as lipid, 

traditional surfactant, surfactin and siderophore, enabling 

us to learn to design amphiphilic peptides. 4) Amphiphilic 

peptides are composed of natural l-amino acids, which 

endow them with perfect biocompatibility for biological 

applications. 5) There are .20 amino acids which could be 

used to design self-assembling peptides. This diversity, com-

bined with the feasibility of conjugating peptides with other 

biomolecules such as fatty acids and nucleic acids, brings 

countless possibilities for designing amphiphilic peptides.

With the rapid development in the design and application 

of self-assembling peptides, a promising field has already been 

established. This review will focus on the recent advances 

in the specific field of self-assembling amphiphilic peptides, 

from their design, self-assembling structure and mechanism 

to their potential applications in various fields. We note that 

this review will be mainly focused on amphiphilic peptides 

composed of typical hydrophobic moiety and hydrophilic 

moiety. Detailed introduction of other types of self-assem-

bling peptides such as ionic complementary peptides could 

be found in other reviews.5,9

Design of amphiphilic peptides
Surfactant-like peptides
Surfactants, named for their ability to decrease the surface 

tension of solvent, are a category of amphiphiles composed 

of a hydrophobic tail and a hydrophilic head. By mimick-

ing the structure of traditional surfactants, a large family of 

surfactant-like peptides has been designed.43–45 A typical 

surfactant-like peptide usually consists of two parts: a 

hydrophobic tail composed of several hydrophobic amino 

acids and a hydrophilic head composed of one or two hydro-

philic amino acids. According to this basic rule, various 

surfactant-like peptides could be designed quite freely by 

choosing different hydrophobic or hydrophilic amino acids, 

which endows them with different chemical and geometri-

cal properties. For example, the hydrophobic tail could be 

designed as different hydrophobic amino acids including Gly, 

Ala, Val, Leu and Ile with different levels of hydrophobicity, 

so that the overall hydrophobicity of a surfactant-like peptide 

could be controlled. On the other hand, the hydrophilic head 

could be designed as negatively charged Asp and Glu, or 

positively charged Lys, His and Arg, generating anionic or 

cationic surfactant-like peptides, respectively. Based on this 

simple rule, a number of surfactant-like peptides have been 

designed (Figure 1A).

It should be noted that the hydrophilic head could be 

designed at either the C-terminal or the N-terminal, generat-

ing surfactant-like peptides with different charge distribu-

tion, but similar self-assembling behaviors.43 Furthermore, 

the tail length of a designer surfactant-like peptide could be 

controlled by changing the number of hydrophobic amino 

acids. Generally, the tail of a surfactant-like peptide is com-

posed of six hydrophobic amino acids, making the whole 

peptide molecule 2–3 nm in length, which is similar to the 

length of natural phospholipids. But it has been proved that 

surfactant-like peptides with tails composed of 4–10 hydro-

phobic amino acids have similar self-assembling behavior, 

except for that longer tails may lead to nanostructures with 

more polydispersity.45 On the other hand, not only the rela-

tive position, but also the components of the head and the 

tail could be shifted. This means, neither the hydrophobic 

part should necessarily be the tail nor the hydrophilic part 

should necessarily be the head. In two surfactant-like pep-

tides investigated by Capes et al, two isoleucine residues 

composed the hydrophobic head and six hydrophilic amino 

acids composed the tail.46

Peptide amphiphiles with alkyl group
Besides the surfactant-like peptides composed of only natural 

amino acids described earlier, peptides conjugated with other 

components have also been investigated. One of the most 

widely studied examples is peptide amphiphile using alkyl as 

the hydrophobic tail, which has been developed by Stupp’s 

group.47,48 Generally, a peptide amphiphile is composed 

of four sections: 1) an alkyl tail linking to the N-terminal 

of the peptide; this hydrophobic saturated fatty acid tail 

is of crucial importance for the self-assembly event of the 

peptide amphiphile; 2) an eight-peptide section which can 

form a stable β-sheet and provides hydrogen bond for self-

assembly; 3) a linker region of glycine residues to provide 

the functional head group flexibility from the more rigid 
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cross-linked region and 4) a hydrophilic functional section. 

In addition to acting as a functional group, the hydrophilic 

head also has the largest cross-section that makes the peptide 

amphiphile molecule cone shaped, which is considered as a 

crucial factor for self-assembly.

Generally, for a designer peptide amphiphile, the alkyl 

tail, β-sheet section and glycine linker are relatively con-

served to ensure the self-assembling process, while the 

hydrophilic group could be diverse epitopes with different 

biological functions. Furthermore, lysine dendron can be 

used to form embranchment at the C-terminal of the peptide 

section, so that different epitopes can be attached to a same 

peptide amphiphile.49–51 In some cases, the hydrophobic tail 

could also be alternatively designed by either linking more 

than one alkyl tail to a peptide amphiphile52 or using a cho-

lesteryl group to replace the alkyl tail.53,54

Bolaamphiphilic peptides
Since so many typical surfactant-like peptides have been suc-

cessfully designed by mimicking the structure of traditional 

surfactants, it is expectable that more novel surfactant-like 

peptides could be designed by mimicking the structures 

of other special surfactants. Bolaamphiphilic surfactants 

are such a special group of surfactants. Unlike traditional 

surfactants with only one hydrophilic head, a bolaam-

phiphilic surfactant has two hydrophilic heads connected 

by a hydrophobic section, which is generally composed of 

alkyls. Bolaamphiphilic surfactants could self-assemble into 

various nanostructures including membrane-mimetic films,55 

nanotubes56 and helical ribbons,57 which have shown prom-

ising applications such as nanotube templates for metallic 

nanowire,58 membrane mimetic film for bioactive functions59 

and nanovesicles for drug and gene delivery.60,61

By mimicking the structure of these bolaamphiphilic 

surfactants, a serial of bolaamphiphilic peptides composed of 

natural amino acids have been designed (Figure 1B).62 Like 

traditional surfactant-like peptide, a bolaamphiphilic peptide 

usually uses Gly, Ala and Val as its hydrophobic section and 

charged Lys or Asp as its hydrophilic heads. By controlling 

the number of hydrophobic amino acids and hydrophilic 

Figure 1 Molecular models of several typical designer amphiphilic peptides. 
Notes: (A) Surfactant-like peptides composed of hydrophobic amino acids as the tail and one or two hydrophilic amino acids as the head. (B) Bolaamphiphilic peptides 
composed of two hydrophilic amino acids linked by a section of hydrophobic amino acids. All molecular models were generated using the ICM-Pro software package (MolSoft 
LLC, San Diego, CA, USA).
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amino acids, the overall hydrophobicity and length of the 

peptide molecule could be adjusted to generate different 

self-assembling structures. Furthermore, like the design of 

peptide amphiphiles using alkyl group as the hydrophobic 

tail, bolaamphiphilic peptide amphiphiles with alkyl group 

as their hydrophobic sections have also been designed.63 

Although the research on bolaamphiphilic peptides has just 

been started in very recent years and only a few peptides 

have been designed and studied, it suggests a new strategy 

to design more self-assembling amphiphilic peptides by 

mimicking the structure of unconventional surfactants.

Self-assembling structures of 
amphiphilic peptides
Methods for structural characterization 
of amphiphilic peptides
In most cases, designer amphiphilic peptides could self-

assemble into various kinds of nanostructure, and these nano-

structures are their main form as useful biomedical materials. 

So, the first and the most important step in the study of an 

amphiphilic peptide is the characterization of nanostruc-

ture. Transmission electron microscopy (TEM) and atomic 

force microscopy (AFM) are the conventional methods for 

observing detailed structure of biological samples, and have 

been widely used for studying the nanostructures formed 

by self-assembling amphiphilic peptides.47,62 Furthermore, 

cryo-TEM and cryo-scanning electron microscopy (SEM), 

in which samples are pre-fixed by freezing before observa-

tion, have also been developed to study some dynamic and 

unstable nanostructures formed by amphiphilic peptides.64,65 

On the other hand, dynamic light scattering could provide 

information about the average size distribution of nanopar-

ticles in solution; therefore, it is also a conventional tool 

for studying the self-assembling behavior of amphiphilic 

peptides.44,62

Since the self-assembling behavior of amphiphilic pep-

tides is based on their secondary structure, characterization of 

peptides’ secondary structure is very important to analyze the 

self-assembling mechanism and predict the self-assembling 

behavior. To date, techniques including circular dichroism 

(CD), Fourier transform infrared spectroscopy, solid-state 

nuclear magnetic resonance and X-ray scattering/diffraction 

have been widely used for the secondary structure character-

ization of amphiphilic peptides.62,66,67 Furthermore, a combi-

nation of different techniques is definitely a rational strategy 

to investigate the self-assembling behaviors at a high molecu-

lar detail.68 With the help of all these powerful techniques, 

various types of nanostructures formed by different designer 

amphiphilic peptides, as well as their molecular mechanisms 

have been extensively studied.

Nanotubes and nanovesicles
For the simplest surfactant-like peptides composed of 1–2 

hydrophilic amino acids and 4–8 hydrophobic amino acids, 

such as A6D, V6D, V6D2, L6D2, A6K and so on, hollow 

nanostructures including nanotube with closed end and nano-

vesicle have been observed in several earliest studies. in aque-

ous solution.43–45 These hollow nanostructures were 30–50 nm 

in diameter and could further form a network with three-way 

junctions, which were highly unstable and dynamic. Since 

these typical surfactant-like peptides are structurally similar 

to natural lipids, it was believed that in aqueous solution, 

they could pack the hydrophobic part tail-to-tail to form a 

bilayer structure, which further forms closed nanotubes or 

nanovesicles (Figure 2). In this model, the peptide monomers 

took an irregular secondary structure as revealed by CD, 

which seemed to be less important for the self-assembling 

process, while the hydrophobic interaction between tails was 

regarded as the major driving force. According to this model, 

these nanotubes or nanovesicles were structurally similar to 

the widely studied liposomes, but with a much smaller size; 

so, they have been expected to be novel carrier materials for 

hydrophilic drugs and DNA/RNA.

Although the attention of researchers was drawn upon 

surfactant-like peptides initially by these bilayer nano-

structures, further studies have revealed other types of 

self-assembling structures formed by these peptides. For 

example, Bucak et al69 found that the model surfactant-like 

peptide A6K could self-assemble into ordered and presum-

ably nematic nanotubes with a radius of 25–30 nm and very 

large aspect ratio. Although their size was similar to the 

bilayer nanostructures described earlier, these nanotubes 

seemed to be formed by single wall of peptide monomers. 

A proposed model based on in situ capillary flow X-ray 

diffraction indicated that A6K monomers form antiparallel 

β-sheets in the single wall and project the charged lysine 

outside. In this model, intermolecular hydrogen bond based 

on β-sheets secondary structure was regarded as the major 

driving force, and the nanotubes were stabilized by charged 

surfaces bearing lysine residues.70

Micellar nanostructures
It is well known that except for tail-to-tail bilayer structures, 

traditional surfactants could also form micelles by packing 
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the tails in a hydrophobic core and exposing the hydrophilic 

heads outside. Similar self-assembling behaviors have also 

been observed for surfactant-like peptides, which could 

form micellar nanostructures instead of hollow nanotubes or 

nanovesicles. As observed by AFM and TEM, A6K±, a typi-

cal surfactant-like peptide, could form nanofibers, nanorods 

and nanospheres with various lengths.71 These nanostructures 

were quite different from the nanotubes and nanovesicles 

described in earlier reports, considering their following fea-

tures: 1) the diameter of these nanostructures was ,10 nm, 

which was much smaller compared with those in earlier 

reports; 2) the nanofibers were separated from each other, 

rather than cross-linked by three-way junctions and 3) these 

nanostructures seemed to be more stable, since they could be 

observed by conventional AFM or TEM methods, while the 

nanotubes and nanovesicles were very unstable, and thus, a 

specialized quick-freeze/deep-etch technique was required 

to fix the structures for observation. All these differences 

indicated that these nanostructures were formed by a dif-

ferent self-assembling mechanism. A molecular model has 

been proposed to explain this alternative self-assembling 

behavior. As shown in Figure 3A, peptide molecules pack 

their hydrophobic tails inside and expose their hydrophilic 

heads outside, forming spherical or cylindrical micelles, for 

example, nanospheres or nanofibers with various lengths 

but similar diameter. It is not clear why and how similar 

surfactant-like peptides could undergo self-assembly in quite 

a different way, but it is no doubt that the new pathway to 

form micellar structures is very helpful to understand the 

behavior of these self-assembling surfactant-like peptides 

and to further exploit their potential applications.

Several de novo designer bolaamphiphilic peptides, 

which have a molecular structure very close to surfactant-

like peptides, could also form similar micellar nanostruc-

tures, likely through a similar mechanism.62 In aqueous 

solution, these bolaamphiphilic peptides could also self-

assemble into unbranched nanofibers or nanospheres with 

diameters ,10 nm. Compared with micellar nanostructures 

formed by surfactant-like peptides, the most unique feature 

of these structures may be that they are hydrophilic both in 

the core and on the surface (Figure 3C). Due to this feature, 

they hold promising application as carriers for hydrophilic 

molecules such as DNA/RNA and some hydrophilic drugs. 

Furthermore, the nanofibers and nanospheres seem to be 

different phases of a same self-assembling process, so they 

could be transformed to each other. It has been found that 

after they are treated by ultrasound, the nanofibers could 

be broken into short nanorods or nanospheres, which could 

then undergo a slow process of reassembly to recover long 

nanofibers. Another feature of the nanostructures formed 

by bolaamphiphilic peptides is that they have considerable 

thermostability, making them promising materials for more 

applications other than being used as carriers. Although 

both surfactant-like peptide and bolaamphiphilic peptide 

take irregular secondary structure in aqueous solution as 

revealed by CD spectra, their hydrophobic part could be 

tightly packed by hydrophobic interaction. This could then 

induce strong hydrogen bonds among the peptide backbones, 

Figure 2 Self-assembling model and morphology of a typical surfactant-like peptide A6D forming bilayer structures.
Notes: (A) Proposed model describing the formation of bilayer nanotube and three-way junctions. (B) TeM image of nanotubes and nanovesicles formed by A6D, with red 
arrows indicating hollow opening at the ends. The figure has been reproduced from Vauthey S, Santoso S, Gong H, Watson N, Zhang S. Molecular self-assembly of surfactant-
like peptides to form nanotubes and nanovesicles. Proc Natl Acad Sci U S A. 2002;99(8):5355–5360. Copyright (2002) National Academy of Sciences, USA.44

Abbreviation: TeM, transmission electron microscopy.
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endowing the micellar nanostructures with considerable 

stability.

Similarly, peptide amphiphiles with alkyl group could 

also self-assemble into micellar structures. But unlike 

surfactant-like peptides and bolaamphiphilic peptides that 

self-assemble into a mixture of nanofibers, nanorods and 

nanospheres, peptide amphiphiles could preferentially self-

assemble into nanofibers with a very high aspect ratio. By 

packing the hydrophobic alkyl tails inside and exposing 

the hydrophilic head groups outside, all designer peptide 

amphiphiles could self-assemble into extremely long cylin-

drical micelles. The overall cone-like shape and the hydrogen 

bond between the middle peptide sections of β-sheets are 

believed to stabilize the nanofibers, which could further form 

3-D nanoscaffold with a macroscopic morphology of the 

hydrogel. Since all the functional head groups are exposed 

outside and arranged along the surface of nanofibers, these 

nanofiber hydrogels could be used as functionalized nanoma-

terials. Similarly, bolaamphiphilic peptide amphiphiles with 

two hydrophilic heads could also form such long nanofibers 

with a hydrophilic core.63

Film and lamella structures
In the investigation of a classic cationic surfactant-like 

peptide A6K, our group has found that A6K could undergo 

another very surprising and interesting self-assembling 

behavior. When the A6K solution was spread on mica 

surface for AFM observation, a layer of film-like structure 

was observed in addition to nanofibers.71 Line profile analy-

sis of the surface indicated that the height of the film was 

very close to the estimated length of a peptide monomer, 

indicating that the film was composed of a single layer of 

peptide molecules. It is proposed that the A6K monomers 

could attach their positively charged heads to the negatively 

charged mica surface and stretch their hydrophobic tails up to 

air, forming a layer of peptide monomers aligned shoulder-

by-shoulder (Figure 4). In this manner, the peptide monolayer 

could cover the hydrophilic mica surface and transform it to 

a hydrophobic one. This interesting self-assembling behavior 

of A6K on the mica surface could be used as a very simple 

technique for surface modification with potential applications 

in many fields. In another work on a serial of surfactant-like 

peptides V6K2, V6K and V3K, similar film structures were 

found to be formed on silicon wafer.72 A slight difference 

was that the hydrophobic tails of the peptides were found 

to intermix to form a dense hydrophobic middle layer, leav-

ing the hydrophilic head groups symmetrically projected 

outside. This difference might be caused by the difference 

between mica and silicon wafer used as the substrates in the 

two studies.

Another type of lamella structure formed by surfactant-

like peptide has been reported by Xu et al73 when studying 

the effect of hydrophobic tail length on self-assembling struc-

tures of AmK (number of alanine [m]=3, 6 or 9). They found 

that compared with A6K, A3K had a shorter hydrophobic 

chain; therefore, it had a higher packing parameter, which 

Figure 3 Formation of micellar structures by amphiphilic peptides. 
Notes: (A) Self-assembling model of surfactant-like peptide forming cylindrical and spherical micelles. (B) AFM image of surfactant-like peptide A6K±. (C) Self-assembling 
model of bolaamphiphilic peptide forming cylindrical and spherical micelles. (D) AFM image of bolaamphiphilic peptide KA6K. Data from Chen et al.82

Abbreviation: AFM, atomic force microscopy.
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consequently led to the formation of a bilayer sheet-like 

structure. But these lamella structures were unstable during 

observation, probably because the lamellar stacks of A3K 

molecules were sensitive to dehydration.

Factors affecting self-assembly of 
amphiphilic peptides
Ionic bond in hydrophilic heads
Although it is generally believed that hydrophobic interac-

tion and hydrogen bond are the most predominant driving 

forces for the self-assembly of amphiphilic peptides, it has 

been shown that introduction of extra ionic bond has signifi-

cant effect on the self-assembling structures. In addition to 

traditional anionic and cationic surfactants, catanionic and 

zwitterionic surfactants are the other two types of surfac-

tants. The former is a mixed system of anionic and cationic 

surfactants, and the latter consists of surfactants bearing both 

positive and negative charges in a single hydrophilic head. 

A common advantage of these two special types of surfactants 

is that compared with traditional surfactants, they could form 

structures with better stability, possibly because of the ionic 

bonds between oppositely charged heads.74–76 Similarly, ionic 

bond has been proved to be a very important non-covalent 

force driving the self-assembling process of amphiphilic 

peptides. In order to exploit self-assembling surfactant-like 

peptides with better properties, researchers have made several 

attempts to introduce ionic bond into the system of typical 

surfactant-like peptides. Khoe et al77 have studied the self-

assembling behaviors of several catanionic surfactant-like 

peptide systems, which were mixtures of cationic A6K and 

anionic A6D in various ratios. They found that when A6D 

and A6K were mixed at a ratio of 2:1, the catanionic system 

could form well-ordered nanofibers (Figure 5A), indicating 

that in a catanionic system, the interaction between positively 

and negatively charged heads has significant effects on 

the self-assembling behavior. Similarly, Niece et al78 have 

combined two peptide amphiphiles with oppositely charged 

bioactive groups to fabricate nanofibers which bear two dif-

ferent functional groups on the surface.

An alternative strategy to introduce ionic bond is to design 

two opposite charges in a single head, generating zwitterionic 

peptide. Our group has designed a zwitterionic surfactant-like 

peptide by simply removing the C-terminal protective amide 

of A6K and exposing the dissociable carboxyl.71 This new 

peptide, named as A6K±, could simultaneously bear a posi-

tive and a negative charge at its C-terminal. It was found that 

synergistically driven by the ionic bonds among hydrophilic 

heads and the hydrophobic interaction among tails, A6K± 

could form much longer nanofibers compared with traditional 

anionic or cationic surfactant-like peptides (Figure 5B). 

Furthermore, this peptide was found to have much lower criti-

cal micelle concentration value, and the self-assembled struc-

tures were also more mechanically and thermally stable than 

those formed by A6K. Because of the existence of an extra 

dissociable carboxyl group, A6K± could also respond more 

sensitively to the change of environmental pH and undergo 

complicated transformation. These results indicated that by 

designing zwitterionic surfactant-like peptides, novel stable 

and smart nanomaterials could be obtained.

Molecular geometric shape
It is well known that self-assembling behavior is not 

only determined by chemical complementarity, but also 

controlled by geometrical compatibility.79–81 For designer 

peptide amphiphiles, it is believed that the overall cone 

shape of the molecular building block is a critical property 

for the self-assembling process. In order to study the effect 

of geometrical shape on the self-assembling behavior of 

surfactant-like peptides, our group has designed several 

surfactant-like peptides with different geometrical shapes.82 

As shown in Figure 6A and B, by using different amino 

acids in the hydrophobic tail, AVK± (Ac-AAAVVVK) has a 

Figure 4 Monolayer film formed by surfactant-like peptide A6K on mica surface. 
Notes: (A) Self-assembling model of A6K on mica surface. (B) AFM image nanostructures formed by A6K on mica surface. Reprinted from J Colloid Interface Sci, 336(2), 
Qiu F, Chen Y, Zhao X. Comparative studies on the self-assembling behaviors of cationic and catanionic surfactant-like peptides, 477–484, Copyright 2009, with permission 
from elsevier.71
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wedge-like shape and AGK± (Ac-AAAGGGK) has the shape 

of an inverted wedge. The self-assembling behaviors of these 

peptides were compared with A6K± with a regular shape. The 

self-assembling behavior of A6K± was very dynamic and it 

tended to form a mixture of nanofibers with various lengths 

and nanospheres, which could transform to each other. On 

the contrary, the wedge-shaped AVK± underwent a more 

homogeneous self-assembling behavior to form much longer 

nanofibers. These nanofibers were relatively more stable and 

less prone to transform to nanospheres (Figure 6A). It is very 

interesting to note that AGK± with an inverted wedge-like 

shape could not undergo self-assembly in aqueous solution, 

but could form nanofibers with various lengths in a nonpolar 

solvent (Figure 6B). The effects of geometrical shape on self-

assembling behaviors have been discussed by proposed 3-D 

molecular models. For AVK±, the wedge-like shape could 

efficiently reduce the spatial encumbrance when it formed 

micelles, so that it could form stable cylindrical micelles, 

for example, nanofibers. For AGK±, the inverted wedge-like 

shape facilitated it to bury the small hydrophilic heads inside 

and expose the large hydrophobic tails to the nonpolar solvent 

to form reversed micelles. Similar self-assembling behavior 

has also been found for negatively charged surfactant-like 

peptide A3V3D with a wedge-like shape, which could 

also form smooth, long nanofibers.83 Khoe et al84 have also 

reported the self-assembling behaviors of a designer cone-

shaped surfactant-like peptide, Ac-GAVILRR-NH
2
. Through 

fusion or elongation of spherical micelles, this peptide could 

self-assemble into donut-like nanostructures.

In the system of bolaamphiphilic peptides, geometrical 

shape of hydrophobic section has similar impact on the 

self-assembling behavior. A wedge-shaped bolaamphiphilic 

peptide KGAVK has been designed and its self-assembling 

behavior has been compared with regular-shaped KA6K. 

KA6K self-assembled into nanospheres and short nanofi-

bers, which could dynamically transform to each other. On 

the contrary, KGAVK could homogeneously self-assemble 

into extremely long, flexile nanofibers (Figure 6C).82 These 

studies suggested that geometrical shape plays a crucial role 

in controlling the self-assembling behaviors of designer 

Figure 5 Self-assembly of amphiphilic peptides with ionic bonds introduced among hydrophilic heads.
Notes: (A) Self-assembly of a catanionic system of A6D and A6K mixed at a molar ratio of 2:1. Reproduced from Khoe U, Yang Y, Zhang S. Synergistic effect and 
hierarchical nanostructure formation in mixing two designer lipid-like peptide surfactants Ac-A6 D-OH and Ac-A6 K-NH2. Macromol Biosci. 2008;8(11):1060–1067.77 
Copyright 2008 John wiley and Sons. (B) Self-assembly of zwitterionic peptide A6K± with both negative and positive charges in the head groups. In each figure, 
the left panel shows the self-assembling model and the right panel shows the AFM image of nanofibers. Reprinted from J Colloid Interface Sci, 336(2), Qiu F, Chen Y, 
Zhao X. Comparative studies on the self-assembling behaviors of cationic and catanionic surfactant-like peptides, 477–484, Copyright 2009, with permission from 
elsevier.71

Abbreviation: AFM, atomic force microscopy.
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amphiphilic peptides, so that more rational design could be 

introduced for developing amphiphilic peptides with control-

lable self-assembling behaviors for special purpose.

Solution parameters
Since for nearly all of the designer peptides, their self-

assembling processes happen in solution and most of them 

are expected to be applied as solution, the effects of solution 

parameters on the self-assembling behaviors are of high 

concern. Although systematic study on this issue is rare, it 

has been proved that solution parameters such as pH value 

and solvent property have critical effects on self-assembling 

behaviors of amphiphilic peptides.85,86 Since it has been 

discussed earlier that charges in hydrophilic heads are very 

important for self-assembly, and the net charge of a hydro-

philic amino acid is determined by the environmental pH 

value, it is clear that the pH value of a solution will affect the 

self-assembling behaviors by affecting the charges. In fact, 

nearly all self-assembling amphiphilic peptides have been 

investigated in a limited range of pH, only within which the 

peptide molecules could undergo self-assembly as expected. 

The change of pH will change the charge distribution and 

then change the secondary structure of peptide monomers, 

and eventually, either change the self-assembling structure 

to another type or eliminate it.46,87 An example is the peptide 

IIEENNDD investigated by Capes et al.46 As the pH value 

increased from acidic to basic, the peptide gradually lost its 

β-sheet structure and the self-assembling structures changed 

from nanofibers to nanospheres.

Except for water, some organic solvents have also been 

used in the study of peptide self-assembly. In our recent 

study,86 we found that ethanol as a polar aprotic solvent 

could induce surfactant-like peptide A6K± to take typical 

β-sheet secondary conformation, based on which the pep-

tide could form long nanofibers. Most interestingly, these 

long nanofibers induced by ethanol showed some properties 

A

B

C

100 nm

2 µm

600 nm

Figure 6 Self-assembly of amphiphilic peptides with different geometrical shapes. 
Notes: (A) wedge-shaped surfactant-like peptide and (C) bolaamphiphilic peptides formed long, cylindrical micelle nanofibers in water solution. Inverted wedge-shaped 
surfactant-like peptide (B) formed reverse micelle nanofibers in nonpolar environment. In each figure, the left panel shows the self-assembling model and the right panel 
shows the TeM images (in A and C) or AFM image (B). Data from Chen et al.82

Abbreviations: AFM, atomic force microscopy; TeM, transmission electron microscopy.
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similar to well-studied amyloid fibrils (Figure 7). This 

phenomenon was also in accordance with the fact that ethanol 

could denature some normal proteins and induce them to 

form amyloid fibrils based on β-sheet, indicating that short 

surfactant-like peptides might serve as a simple model to 

investigate the mechanism for the formation of pathogenic 

amyloid fibrils.

On the other hand, it is well known that amphiphiles form-

ing micellar structures in polar solvent could form reversed 

micelle in nonpolar solvent. So, it is clear that the solvent 

polarity also has a critical effect on the self-assembly of 

amphiphilic peptides. For example, peptide AGK± dissolved 

in a polar water solution failed to undergo self-assembly, 

while it could self-assemble into nanofibers in a nonpolar 

mixture of tetrahydrofuran and water.82 Another example is a 

peptide amphiphile with two hydrophobic tails, which could 

self-assemble into nanofibers in both water and nonpolar 

solvents such as benzene and carbon tetrachloride.88

Additionally, other factors such as ionic strength, peptide 

concentration and even different batches of synthesized 

Figure 7 Amyloid-like aggregation of A6K± induced by ethanol. 
Notes: (A) CD spectra of surfactant-like peptide A6K± in ethanol with different concentrations. Increasing band near 218 nm indicates the increase in β-sheet secondary 
structure induced by ethanol. (B) Thioflavin T binding fluorescent spectra of A6K± in ethanol with different concentrations. Increasing band near 490 nm indicates increasing 
amyloid-like fibrils. Reproduced from Chen Y, Tang C, Xing Z, Zhang J, Qiu F. Ethanol induced the formation of β-sheet and amyloid-like fibrils by surfactant-like peptide 
A6K. J Pept Sci. 2013;19(11):708–716.86 Copyright 2013, John wiley & Sons, Ltd.
Abbreviations: AU, arbitrary units; CD, circular dichroism.
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peptide could have remarkable effects on the self-assembling 

behaviors of designer amphiphilic peptides.89 In one word, 

although the basic self-assembling mechanism of these 

peptides is relatively simple and clear, many factors will 

have significant effect on the self-assembling behavior of 

a specialized peptide in a specialized environment. On one 

hand, this raises the requirement for further investigation to 

fully understand and deliberately control the designer peptide 

molecule to make it a useful nanomaterial with practical 

applications. On the other hand, this also makes it possible 

to design smart nanomaterials with sensitive responsibil-

ity to environmental factors, which would be important 

for some applications such as controlled drug release and 

molecule switch.

Applications of amphiphilic peptides
Stabilizing membrane proteins
About one-third of all cellular proteins are membrane pro-

teins, which lie on the interface of cells and their environment 

and play critical roles in many important biological activities 

such as energy transformation, substance transport and signal 

transmission. For this reason, the structure and function of 

membrane proteins, especially G-protein coupled receptors, 

have become a worldwide hotspot. Unfortunately, in spite 

of the great importance of membrane proteins, people’s 

knowledge about them is still very poor. The reason for this 

problem is that membrane proteins in their natural active form 

are fully or partially embedded in a hydrophobic environment 

surrounded by lipids, and therefore, a purifying and crystalliz-

ing process for normal water-soluble proteins will inevitably 

destroy their natural structures. In the past decades, many tra-

ditional surfactants, including chemical detergents and lipids, 

have been used for dissolving, stabilization, purification and 

crystallization of membrane proteins, but the efficacy is still 

far from meeting the requirement for studying the structure 

and function of membrane proteins. Furthermore, how did 

these surfactants act on membrane proteins and affect their 

structures and functions, and how to choose the most suitable 

surfactant for a certain membrane protein are still unclear. 

For these reasons, a brand new material is badly needed to 

facilitate the study of membrane proteins.

Because of their structural similarity to traditional sur-

factants, some designer surfactant-like peptides have shown 

promising potential in the study of membrane proteins.90–95 

The capability of surfactant-like peptides to facilitate the 

dissolving and stabilization of membrane proteins has 

already been proved by many researches, and a molecular 

model has been built to explain how these peptides could 

protect membrane proteins from denaturation.95 In this 

model, surfactant-like peptides bind to the hydrophobic 

section of a membrane protein via their tails, embedding it 

in a hydrophobic environment and preventing it from dena-

turation (Figure 8). This mechanism is similar to traditional 

surfactants such as lipids. Since the surfactant-like peptides 

are short peptides composed of natural amino acids, they can 

also be called as “artificial molecular chaperon”. Using these 

novel designer surfactant-like peptides as molecular chap-

erons, some membrane proteins with significant importance 

have been well investigated.

For example, Matsumoto et al94 have designed a new class 

of short surfactant-like peptides and studied their ability to 

stabilize the functional conformation of the PSI membrane 

protein from T. elongatus. By measuring the light-induced 

electron transfer activity of PSI in aqueous media in the pres-

ence of surfactant-like peptides, they found that amphiphi-

licity is necessary, but not sufficient to stabilize PSI in its 

functional form. It was found that the amino acid sequence 

was crucial, and the best performing peptides for the stabi-

lization of functional PSI were, in order of effectiveness, 

I6K2, A6K2, V6K2 and V6R2. These results indicated that 

photosynthetic complexes could be effectively stabilized and 

immobilized by choosing suitable surfactant-like peptides, 

bringing hope for the development of new energy resource 

based on solar bio-battery.

In another recent study, Corin et al96 have used surfactant-

like peptides for the solubilization and stabilization of 

mammalian olfactory receptors, another important family 

of G-protein coupled receptors. It was found that a serial of 

Figure 8 Proposed mechanism of surfactant-like peptides stabilizing membrane 
proteins. 
Note: Peptide molecules, acting as traditional surfactants, bind their hydrophobic tails 
to the hydrophobic region of a membrane protein and prevent it from destabilizing.
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surfactant-like peptides were able to solubilize 12 different 

olfactory receptors expressed by Escherichia coli, with an 

efficacy comparable to that of the detergent Brij-35, an opti-

mal traditional detergent (Figure 9). Furthermore, olfactory 

receptors purified by surfactant-like peptides retained their 

native α-helix secondary structure and were functional to 

bind their odorants.

Antimicrobial capacity
As the resistance of microbes against conventional antibiotics 

keeps increasing, there is an increasing demand to develop 

new antimicrobial agents. To date, several hundreds of dif-

ferent antibacterial peptides from a wide variety of organisms 

have been isolated and characterized.97 On the other hand, 

short designer cationic amphiphilic peptides as antimicrobial 

agents have also been widely investigated. Although the 

lengths of most natural antimicrobial peptides vary from 

10 to a few dozens of amino acid residues, the designed ones 

are normally 6–15 residues in length. Both positive charges 

and hydrophobicity play vital roles in the effectiveness of 

microbial killing. The head group is usually composed of a 

few Lys, Arg or His bearing positive charges at biological pH, 

while the hydrophobic chain can be a few hydrophobic amino 

acid residues. For example, the K4 peptide (KKKKPLF-

GLFFGLF) was recently demonstrated to destabilize the 

organization of monolayer membranes or bilayer liposomes 

composed of anionic lipids and display good antimicrobial 

activities against various bacterial strains.98

Among the shortest designer amphiphilic peptides, AmK 

(m=3, 6 or 9) displayed a varying extent of antimicrobial 

activities. Unlike traditional antibiotics working as bacterial 

growth inhibitors, AmK killed bacteria by permeating the cell 

membranes, and the possible mechanism included “barrel-

stave”, “carpet” and “worm-pore”.99 It has been proved that 

the peptides’ antimicrobial activity was determined by the 

length of their hydrophobic tail. Among the studied peptides, 

A9K exhibited the best killing capacity against both Gram-

negative and Gram-positive bacteria. Furthermore, the effect 

of membrane permeation and bacterial clustering was deter-

mined by peptide concentration and incubating time.

Regenerative medicine
In a manner, regenerative medicine requires two complemen-

tary key ingredients. One is a biologically compatible scaffold 

that can be readily adopted by the body without harm, and the 

other is suitable cells, such as stem cells and primary cells, 

that could effectively replace the damaged tissues without 

adverse consequences. Obviously, it would be advantageous 

for tissue repairing if one could apply suitable biological 

scaffolds to stimulate cell differentiation. For this purpose, 

many scaffold-forming self-assembling peptides have been 

investigated, and one of the most widely studied families is 

peptide amphiphiles. These nanofiber-forming amphiphilic 

peptides could be designed to bear various biofunctional 

epitopes and act as 3-D scaffolds for cell adhesion, prolifera-

tion, differentiation and tissue reparation.100–106 To date, these 

functional scaffolds bearing various bioactive signals have 

shown potential applications for the regeneration of central 

nervous system,107–109 vasculature110,111 and hard tissue,112,113 

as well as for the transplantation of islets.114

As a complementary to traditional regenerative medi-

cine strategy requiring scaffold materials, cell sheet is an 

alternative technology, which means a sheet-like integrate 

of cells is cultured and harvested by certain methods. A cell 

sheet maintaining the extracellular matrix and cell-to-cell 

connections could be regarded as a small piece of artificial 

tissue, which has shown its advantages for the regeneration 

of soft organs including heart,115–117 liver118,119 and kidney.120 

In this field, designer amphiphilic peptide has also shown 

its potential. In a recent work,121 it was found that A6K, a 

cationic surfactant-like peptide, could self-assemble on mica 

surface to form a monolayer. In this way, a hydrophilic mica 

surface could be transformed into a hydrophobic one, which 

was suitable for cell adhesion and growth. Along with the 

growth of cells, the peptides could be gradually biodegraded 

and the hydrophilic mica surface could be re-exposed. As the 

hydrophilic mica surface was negative for cell adhesion, an 

integrate cell sheet could be easily released from the mica 

surface (Figure 10). This novel technology for harvesting 

cell sheet based on surfactant-like peptide is very simple, 

effective and safe, and may become an important technique 

in the field of regenerative medicine.

Drug and gene carriers
Due to their capability to form nanostructures and permeate 

membrane, amphiphilic peptides are excellent candidates for 

drug and gene delivery. In the micellar structures formed by 

amphiphilic peptides, the hydrophobic core could be used 

to embed hydrophobic drugs. This simple strategy has been 

recently proved in one of our studies using A6K as the car-

rier and pyrene as a model hydrophobic drug.122 It was found 

that pyrene could be embedded either as monomers in the 

hydrophobic core of micellar nanofibers formed by A6K or 

as nanocrystals surrounded by A6K monomer, just like the 

manner in membrane protein stabilization (Figure 11). The 

combination of these two mechanisms greatly enhanced 
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Figure 9 Solubilization of different olfactory receptors by different surfactant-like peptides as compared with Brij-35.
Notes: (A) Using four olfactory receptors as models, ten different surfactant-like peptides showed similar ability to solubilize membrane proteins. (B) Four surfactant-like peptides were 
chosen to compare their potential to solubilize membrane proteins with Brij-35, and 12 different olfactory receptors could be solubilized by these peptides similarly. Reproduced from Corin 
K, Baaske P, Ravel DB, et al. Designer lipid-like peptides: a class of detergents for studying functional olfactory receptors using commercial cell-free systems. PLoS One. 2011;6(11):e25067.96
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Figure 10 Cell sheet technology based on amphiphilic peptide A6K.
Notes: (A) Mechanism of harvesting cell sheet using A6K-modified mica surface as the substrate for cell culture. (B) Photograph shows a macroscopic piece of cell sheet 
harvested. (C) He staining of cell sheet revealed intact extracellular matrix and cell-to-cell connections. Reproduced from Qiu F, Chen Y, Cheng J, wang C, Xu H, Zhao 
X. A simple method for cell sheet fabrication using mica surfaces grafted with peptide detergent A(6)K. Macromol Biosci. 2010;10(8):881–886.121 Copyright 2010, John  
wiley and Sons.

Pyrene crystal

Pyrene monomer

Figure 11 Two mechanisms for the encapsulation of hydrophobic pyrene by A6K. 
Notes: On one hand, pyrene monomers could be embedded into the hydrophobic core of cylindrical micelles formed by A6K. On the other hand, A6K monomers could 
surround bigger pyrene particles with their hydrophobic tails. A combination of the two mechanisms could stabilize pyrene as nano/microparticles in suspension. Copyright 
©2015. Dove Medical Press. Reproduced from Chen Y, Tang C, Zhang J, Gong M, Su B, Qiu F. Self-assembling surfactant-like peptide A6K as potential delivery system for 
hydrophobic drug. Int J Nanomed. 2015;10:847–858.122
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the encapsulation efficiency and achieved a sustained release 

of pyrene. Similarly, an amphiphilic peptide with four fatty 

tails was also investigated as a hydrophobic drug carrier.52 

The peptide could form stable micelles at a low concentration 

through strong hydrophobic interactions among the tails, and 

the micelles could encapsulate hydrophobic anticancer drug 

efficiently. In addition, the micelles could enter cancer cells 

specifically through the introduction of RGD sequence. These 

results indicated the great potential of amphiphilic peptides 

as targeted drug carriers.

Unlike amphiphilic peptides embedding drugs through 

nonspecific hydrophobic interactions, another strategy to 

design specific drug carriers was developed based on peptide 

amphiphiles. In a recent study, Matson and Stupp123 have 

designed a drug-tethered peptide amphiphile containing 

hydrazide in its hydrophilic head. The self-assembly and 

gelation ability of this peptide amphiphile was not affected 

by drug tethering. After gelation, the small molecule drug 

could be slowly degraded and released from the gel, suggest-

ing a promising approach to employ peptide amphiphiles as 

drug carriers.

During the struggle of finding idea carriers for gene 

delivery, it was found that a number of cationic amphiphilic 

peptides have great potential.124–126 Contrary to drugs that were 

embedded in the hydrophobic core of the micelles formed by 

amphiphilic peptides, negatively charged DNA was expected 

to bind to the positively charged heads. Recently, amphiphilic 

cholesterol-conjugated HR15 and HR20 oligopeptides were 

synthesized, which were able to self-assemble into cationic 

micelles. The formation of the micelles increased the local 

density of cationic charge, leading to greater DNA binding 

efficiency and, thus, higher gene transfection efficiency in 

both HepG2 and HEK293 cell lines as compared to HR15 

and HR20 without cholesterol.126

As hydrophobic drugs and genes are bound to different 

parts of the amphiphilic peptide carriers, it is also possible to 

deliver the hydrophobic drug and gene simultaneously into 

the same cells to achieve synergistic therapeutic effect. In 

a recent study, amphiphilic peptide containing three blocks 

of amino acids, Ac-(AF)6-H5-K15-NH2 (FA32), has been 

designed.127 In aqueous solution, FA32 peptide molecules 

could self-assemble into small micelles with a particle size 

of about 100 nm, which provided high capacity for loading 

hydrophobic DOX and delivered the drug into HepG2 cells 

efficiently. Meanwhile, these micelles were capable of con-

densing DNA and delivering it into the same cells with high 

efficiency. These findings suggest that FA32 micelles may be 

an effective carrier to deliver hydrophobic anticancer drug 

and gene simultaneously for improved cancer therapy.

Nanofabrication
The nanoscale organization of metallic and other inorganic 

materials into one-dimensional (1-D) object is a key task 

in nanotechnology. Biologically derived nanofibers and 

nanotubes have provided very useful templates for such task 

because of their inherent 1D organization. In this field, self-

assembling biomolecules such as DNA and peptides have been 

investigated as intriguing building blocks for nanofabrication. 

Because of their ability to self-assemble into nanofibers with a 

large aspect ratio, amphiphilic peptides also have great poten-

tial as templates for biomineralization and nucleation, as well 

as for the fabrication of nanowires and nanocircuits. Recently, 

our group has designed a surfactant-like peptide AGD, which 

could undergo self-assembly to form reversed micelle nanor-

ings in the mixture of CuCl
2
 solution and tetrahydrofuran. 

Binding with the negatively charged heads of the peptide, 

copper ions were sequestered in the inner core of the reversed 

micelle and formed nanorings composed of copper particles, 

which could be directly observed by TEM (Figure 12).128

On the other hand, peptide amphiphiles forming long 

unbranched nanofibers could also be used as a template for 

nanofabrication. For example, a lipopeptide was designed 

and synthesized for biomineralization by Hartgerink et al.129 

Similarly, Li et al have designed a peptide amphiphile with 

binding functionalities, which could self-assemble into nano-

fibers in an aprotic environment and induce 1D assembly of 

gold nanoparticles.88

Besides serving as a template, peptide self-assembling 

structures could also serve as a substrate for AFM-based 

nanolithography, another important strategy for nanofab-

rication. Recently, our group has found that surfactant-like 

peptide A6K could be controlled to form ultra-flat monolayer 

on mica surface, which could be used as an ideal substrate 

for AFM-based nanolithography.130 Employing this method, 

we have created clear nanopatterns on mica surface in a well-

controlled manner (Figure 13).

Conclusion and outlook
To sum up, although the design of amphiphilic peptides could be 

diverse, they are basically composed of a hydrophobic moiety 

and a hydrophilic moiety. Driven by hydrophobic interaction, 

these peptides could undergo self-assembly to form various 

nanostructures. Properties of the peptide molecule, such as 

overall hydrophobicity, charge distribution and geometrical 
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Figure 12 Copper particle nanorings induced by surfactant-like peptide. 
Notes: (A) Proposed self-assembling model demonstrating the formation of reversed micelle nanotubes with copper ions (blue dots) embedded inside. (B) TeM image of 
nanorings. The sample was unstained; the dark rings are actually condensed copper particles with high electron density. Republished with permission of World Scientific 
Publishing Co., Inc from Formation of reversed micelle nanoring by a designed surfactant-like peptide. Qiu F, Chen Y, Tang C, Cheng J, Zhao X.  Nano. 2012;7. Copyright 2006;  
permission conveyed through Copyright Clearance Center, Inc.128

Abbreviation: TeM, transmission electron microscopy.
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Figure 13 Nanopatterns generated by AFM nanolithography on a peptide self-assembled monolayer on mica surface. 
Notes: (A) Parallel linear scratches with length of 4 µm. The lower panel is the line profile analysis of the section marked by white line, indicating the depth of scratches 
was about 2–3 nm, the length of a peptide monomer. (B) A more complicated word pattern “NANO” is shown. Scale bars=5 µm. Republished with permission of Bentham 
Science Publishers, from Curr Nanosci, Xing Z, Chen Y, Tang C, Gong X, Qiu F, 10(2), Fabrication of peptide self-assembled monolayer on mica surface and its application in 
atomic force microscopy nanolithogrsaphy, 2014; permission conveyed through Copyright Clearance Center, Inc.130

Abbreviation: AFM, atomic force microscopy.

shape, and the environmental conditions such as pH and 

solvent polarity could affect the self-assembling behaviors in 

different ways. Based on their diverse self-assembling nano-

structures, these peptides have exhibited many applications 

in different fields including membrane protein stabilization, 

regenerative medicine, gene and drug delivery, antimicrobial 

agent, nanofabrication and so on, indicating their promising 

potential as a novel type of nanomaterials.

Amphiphilic peptides are of special importance for their 

simplicity, versatility and biocompatibility. From the aspect 

of application, these self-assembling peptides are easy to 

design and synthesize, ensuring their quality and purity. Also, 

their intrinsic biocompatibility makes them perfect materials 

for biological and biomedical applications. Although the 

application of amphiphilic peptides, especially their clinic 

application, still needs to be explored, it is expectable that 

this novel type of self-assembling peptide nanomaterials will 

receive more and more attention and facilitate the develop-

ment of modern biomedicine and nanotechnology. On the 

other hand, self-assembling amphiphilic peptide is also a 

theoretically important system. Amphiphilic peptides consist 

of only two different parts, for example, the hydrophobic 

moiety and the hydrophilic moiety, so that their chemical 

structures and self-assembling mechanisms are very simple 

and clear. On one hand, this makes it possible to create and 

ameliorate more amphiphilic peptides to obtain advanced 
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nanomaterials. On the other hand, this also provides very 

simple models for studying the structure and function of 

normal molecular machines, as well as the mechanism of 

some protein conformational diseases.
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