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Abstract

Peptide self-assembles with bionic properties have been widely utilized for bioactive drugs and biomedical
materials. Collagen mimetic peptide (CMP) gains more attention due to its unique advantages in biosecurity and
function. Unfortunately, the self-assembly mechanism of CMP, particularly the effect of intermolecular forces on its
self-assembly behavior and morphology, is still unrecognized. Herein, the hydrophilic glycidol (GCD) and
hydrophobic Y-glycidyl ether oxypropyl trimethoxysilane (GLH) were grafted onto the side chains of CMP through
the ring-opening reaction (GCD/CMP, GLH/CMP). Subsequently, the effects of hydrophilic and hydrophobic
interactions on the self-assembly behavior and morphology of CMP were further studied. The results substantiated
that the GCD/CMP and GLH/CMP self-assembly followed “nucleation-growth” mechanism, and the supererogatory
hydrophilic and hydrophobic groups prolonged the nucleation and growth time of CMP self-assembly. Noted that
the hydrophilic interaction had stronger driving effects than hydrophobic interaction on the self-assembly of CMP.
The GCD/CMP and GLH/CMP self-assembles exhibited fibrous 3D network and microsphere morphology,
respectively. Furthermore, the GLH/CMP self-assembles had better resistance to degradation. Consequently, the
microtopography and degradation properties of CMP self-assembles could be controlled by the hydrophilic and
hydrophobic interactions between CMP, which would further provide a way for subsequent purposeful design of
biomedical materials.

Keywords: Collagen mimetic peptide, Hydrophilic interaction and hydrophobic interaction, Self-assembly,
Morphology

1 Introduction
Polypeptide is recognized as one of the most promising
natural organic polymer in the field of biomedical mate-
rials due to its analogous nature to ECM [1–3]. How-
ever, collagen extracted from animal tissues has
potential disadvantages such as the introduction of

foreign pathogenic genes and immune rejection [4]. At
present, at least 5% of the population still has immune
rejection reactions to collagen products [5–8], seriously
affecting its biomedical applications. However, collagen
mimetic peptide (CMP) is a kind of recombinant poly-
peptide with high biological activity, high biocompatibil-
ity and many functionalities, which is synthesized
through a series of optimized modification processes by
using genetic engineering technology to simulate the
amino acid sequence of human collagen structurally [9–
12]. Repeated literatures has confirmed that the struc-
ture and function of CMP could been precisely bio-
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designed in advance, so that compared to animal-
derived collagen, CMP has abundant incomparable ad-
vantages including magnificent structural controllability,
no animal-derived viruses and diverse functions [13–16].
Therefore, the CMP based biomedical materials with
high performance and high added value is more in line
with the requirements of clinical applications [17].
Polypeptide molecules can self-assemble into more or-

dered aggregates in nature with bionic structures, di-
verse functions and wide-ranging applications through
non-covalent interactions, which make it more potential
in the development of bioactive peptide drugs and bio-
medical materials [18–23]. Non-covalent bonds such as
hydrogen/hydrophobic bonds, van der Waals forces,
cation-π adsorption and other interaction forces are the
key to the self-assembly process [24, 25]. Coincidentally,
evidence to date indicates that once polypeptide are bio-
synthesized in vivo and it would self-assemble at the
nano-, micro-, and macro-scales into more advanced
polypeptide aggregates in a complex hierarchical way
[26]. Hierarchical organization at every structural level
of polypeptide materials allows for the intervention and
interplay of a series of design features [27]. The self-
assembled architectures could not only reinforce the
mechanical attributes of tissues and more preferably bio-
mimic the biological characteristics of the native extra-
cellular matrix, but also promote their chemical-physical
characteristics, functional features and structural stabil-
ity. Therefore, the understanding of self-assembly behav-
ior of polypeptide could contribute to regulate the
anticipatory properties of the aggregated materials at the
molecular level to meet various practical applications
[28, 29]. According to the performance improvement
from polypeptide to self-assembled polypeptide aggre-
gates, this enlightens us that the self-assembled CMP ag-
gregates with extremely biomimetic structure of natural
polypeptide in tissues might have, more superior com-
prehensive performances than that of CMP ontology
[30–32]. However, the current research on CMP and its
assembly system is in the primary research stage in
terms of structural complexity, multi-level, functionality,
and application, especially the study on its assembly be-
havior is still blank.
CMP is an amphiphilic biological protein [33]. Similar

to animal-derived nature polypeptide, a large number of
hydrophilic and hydrophobic amino acids are arranged
in the CMP molecular chain [34]. And thus according to
the amphiphilic nature of CMP, under different condi-
tions, CMP molecules should suffice to self-assemble to
aggregates with different hierarchical secondary struc-
tures theoretically (such as β sheets and α helices)
through weak interactions between non-covalent bonds,
which could further fine-tune the micro-topography of
self-assembled CMP, including nanotubes, nanofibers,

microspheres and micron-level fiber bundles [35]. Actu-
ally, the hydrophilic and hydrophobic forces are one of
the main driving forces for the self-assembly of amphi-
philic peptides, which play an important role in stabiliz-
ing the secondary and tertiary conformations [36–38].
Half of the amino acids in the ionic complementary pep-
tide sequence are hydrophobic amino acids, and the ex-
tensive hydrophobic interaction between the side chains
of the hydrophobic amino acid residues greatly increases
the tendency of the ionic complementary peptide mole-
cules to aggregate in an orderly manner, making this
type of molecule have a fairly high self-assembly ability.
Liao et al. [39] used short peptide amphiphiles (Nap-
Phe-Phe-Lys-pTyr) as a model to study the self-assembly
mechanism of nanofibers and found that hydrophobic
interaction and ionic interaction were the dominant
forces in the self-assembly process. Nevertheless, up to
date, the role of hydrophilic and hydrophobic interaction
in the self-assembly process of CMP and its influence on
the mico-morphology have not been reported [40–42].
The glycidol (GCD) with hydroxyl groups has the mag-
nificent hydrophilic nature and biocompatibility. While
Y-glycidyl ether oxypropyl trimethoxysilane (GLH) con-
tains abundant hydrophobic group siloxane, which en-
dows it a certain hydrophobicity [43]. Due to the charge
polarization and ring tension in the epoxy group, the
epoxy groups has high reactivity and is ready to react
with certain groups containing active hydrogen atoms,
such as amino, carboxyl, and hydroxyl group, therefore,
they are used always graft agents .
Herein, to elaborate the influence of the hydrophilic

and hydrophobic interactions on the assembly behavior
and performance of CMP, the hydrophilic GCD and
hydrophobic GLH were grafted onto the side chains of
CMP through the ring-opening reaction (GCD/CMP,
GLH/CMP). Then we focus especially on revealing the
mechanisms, mico-morphology, kinetics and thermody-
namics of the CMP self-assembly process, we expect that
this study would provide useful results for understan-
dingthe non-covalent mechanism of CMP assembly and
the method of molecular arrangement on nano-scale
and macro-scale to form ordered and regular assemblies.
Realizing the precise control of the structure morph-
ology and key performance of the assembly aggregates,
further utilize and deepen the life body assembly system,
and provide inspiration and ideas for the development of
new functional assembly systems [44].

2 Experiments
2.1 Materials
Glycidyl alcohol (GCD) and Y-glycidoxypropyltri
methoxysilane (GLH) were purchased from Shanghai
Maclean Biochemical Technology Co., Ltd.; CMP was
purchased from Xi’an Well come Co., Ltd., and its
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amino acid sequence conforms to type I polypeptide.
The Gly-XY sequence (shown in Figure S1) has the sec-
ondary structure characteristics of a typical polypeptide
molecule, with a molecular weight of 38,359 Da, and the
CMP has no obvious cytotoxicity and has good biocom-
patibility; other chemical reagents are purchased from
Sigma-Aldrich.

2.2 Preparation of GCD/CMP, GLH/CMP and their
homologous assemblies

(1) Preparation of GCD/CMP, GLH/CMP

Prepare aqueous solutions of different pH 9.0, 9.5,
10.0, 10.5, 11.0, respectively. Weigh a certain amount of
CMP and slowly add it to the above solutions, and then
introduce a certain amount of GCD, GLH. The molar
ratio of amino and epoxy is 1:0, 1:0.5, 1:1, 1:1.5, 1:2, and
the mixture is magnetic stirred at 37 °C for a certain
time of 1 h, 5 h, 9 h, 12 h, 17 h. A series of GCD/CMP
and GLH/CMP solutions were placed in a treated dialy-
sis bag (relative molecular weight cut-off of 10 KD) for 3
to 4 days. Finally, the GCD/CMP and GLH/CMP were
freeze-dried for use.

(2) Preparation of GCD/CMP and GLH/CMP
assemblies

Take 100 mL of pH 7.0 aqueous solution and slowly
add 30mg of GCD/CMP or GLH/CMP and stir them
evenly. After incubating for 600min in a biochemical in-
cubator at 37 °C, the GCD/CMP and GLH/CMP assem-
blies are obtained. Part of the aggregates are freeze-dried
for later use. The remaining part is poured into a poly-
tetrafluoroethylene board and placed in an atmospheric
oven at 40 °C for 3 days to obtain bubbles-free, smooth
and flat GCD/CMP and GLH/CMP films.

2.3 Structural characterization of GCD/CMP, GLH/CMP
The KBr compression method was used to analyze the
structure of the specimens by using Fourier Transform
Infrared Spectroscopy (FT-IR) (Spectrum One, PerkinEl-
mer, Inc., Waltham, MA). In a dry environment at room
temperature, the 4000 ~ 400 cm− 1 wave number bands
were scanned 32 times and the average was set to 4
cm− 1.
Measure the amino conversion rate by ultraviolet-

visible-near-infrared spectrophotometer (UV-vis) (Cary
5000, Agilent Technologies) to characterize the degree
of hydrophilic or hydrophobic reaction between GCD or
GLH and CMP. Determined according to reference [45].
The formula is as follows:

Amino conversation rate% ¼ C0 − C1

C0
� 100% ð1Þ

C0:the content of free amino groups in CMP Film, mg/
mL;
C1:the content of free amino group in sample film,

mg/mL.

2.4 Self-assembly kinetics of GCD/CMP and GLH/CMP
assemblies
The self-assembly kinetics of GCD/CMP and GLH/CMP
composite specimens were monitored by turbidimetric
measurement on a Perkin Elmer Lambda 25 UV-vis
spectrometer equipped with a thermostat holder. The
time course of optical density (turbidity) was measured
at 313 nm every 30 s. Meanwhile, the self-assembly kin-
etic parameters were characterized quantitatively accord-
ing to the method of Yan et al. [45].

2.5 Mico-morphology analysis of GCD/CMP and GLH/CMP
assemblies
The morphology of the GCD/CMP and GLH/CMP as-
semblies was observed using a scanning electron micro-
scope (SEM). Place the samples on the conductive glue,
spray gold, and collect the spectrum at an accelerating
voltage of 10 kV.

2.6 Performance characterization of GCD/CMP and GLH/
CMP assemblies
Cut the films of CMP, GCD/CMP and GLH/CMP as-
semblies into rectangles, and use video contact angle
measuring instrument (OCA-H200, Dataphysics Co.,
Ltd.) to detect the static contact angle (SCA) of the spec-
imens, and add 5 μL of distilled water to the sample sur-
face. The built-in digital camera records the shape of
water droplets and then calculates the size of the surface
contact angle. Each sample is measured in 3 parallel
samples, and is tested three times at three different loca-
tions. Cut the films of CMP, GCD/CMP and GLH/CMP
assemblies into rectangles, and use a video contact angle
meter to detect the dynamic contact angle (DCA) of dif-
ferent films. Add 5 μL of distilled water after boiling and
cooling to the sample surface, and the built-in digital
camera records the shape of water droplets and records
the contact angle with the calculated surface. The re-
cording time is 12 s.
Weigh a certain amount (w0) of the films of CMP,

GCD/CMP and GLH/CMP assemblies into a colorimet-
ric tube containing 5 mL modified SBF simulated body
fluid, and degrade naturally at 37 °C. At predetermined
time points (1, 3, 5, 15 and 30 days), the specimens were
taken out from the medium, and were washed three
times with modified SBF simulated body fluid. Then the
films were put into a vacuum drying oven at room
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temperature, drying to constant weight (wt). The degrad-
ation rates of the specimens were calculated by the fol-
lowing equation:

Degradation rate %ð Þ ¼ w0 −wt

w0
�100% ð2Þ

3 Results and discussion
3.1 Preparation and structural analysis of GCD/CMP and
GLH/CMP
Figure 1 shows a schematic diagram of the hydrophilic
and hydrophobic modification reactions between CMP
and GCD or GLH. The preparation conditions of GCD/
CMP and GLH/CMP were optimized based on the
amino conversion rate (Fig. 1d), which implies that the
optimal reaction conditions are 1:1 of the amino group

and epoxy group molar ratio, 12 h of reaction time,
37 °C of temperature, pH 10.0. And the optimum amino
group conversion rate of GCD/CMP and GLH/CMP
could reach 37.9% and 48.1%, respectively. Figure 1c
shows the FT-IR spectra of CMP, GCD, GLH, GCD/
CMP and GLH/CMP. The secondary structure of CMP
before and after modification can be directly reflected by
the representative amide A, B, I, II and III bands [46].
Figure 1c indicates that the characteristic amide A band
of CMP is centered at 3300 cm− 1, which is predomin-
antly originated from the N-H free stretching vibration
peak, and the characteristic absorption peak of amide B
band locates at around at 2920 cm− 1, which arises from
the asymmetric stretching vibration of -CH2. The amide
I band caused by the C=O stretching vibration of the
amide group in the peptide skeleton could be found at

Fig. 1 Synthesis routesof a GCD/CMP and b GLH/CMP. c FT-IR spectrum. d Amino conversion rates under optimization conditions
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1627 cm− 1, and the amide II band at 1415 cm− 1 was at-
tributed to the amide N–H bending vibrations and C–N
stretching vibrations. The two feature amide bands of
CMP are closely related to the its secondary structure
including α-helix, β-sheet and random coil structure and
other components [47]. Besides, The amide III band of
CMP could be located at 1290 cm− 1, which is assigned
to the C-N stretching and N-H in plane bending from
amide linkages, as well as absorptions arising from wag-
ging vibrations from CH2 groups from the glycine back-
bone and proline side-chains. From Fig. 1c, it can be
found that the characteristic absorption peaks of the
amide bands of GCD/CMP and GLH/CMP are obviously
present, and it is preliminarily confirmed that the GCD
and GLH have no negative effects on the basic skeleton
structure of CMP.
Further, Fig. 1c indicates the amides I, II and III bands

of GCD/CMP and GLH/CMP have a slight decrease in
intensity, which substantiates that GCD or GLH might
have insignificant negative effects on the hydrogen
bonds between CMP molecules [48]. When the N-H
group on the GCD/CMP chain participates in the forma-
tion of hydrogen bonds, meanwhile, the amide A band
peak of GCD/CMP shifts to a low frequency, indicating
that the ring-opening reaction between GCD and CMP
may result in the formation of regenerative hydrogen
bonds among the amino groups, carboxyl groups, hy-
droxyl groups and hydroxyl groups on the GCD/CMP
chain. Moreover, the disappearance of a strong peak of
GLH/CMP at 1050 cm− 1 may be related to the introduc-
tion of Si-O-Si into the siloxane hydrolysis and conden-
sation reaction. Noted that the amide A and B peaks of
CMP after GLH or GCD modification with broadening
and a slight shift to lower wavenumber to varying de-
grees could be observed, which manifests that the struc-
tural regularity of CMP molecules increases after the
introduction of hydrophilic and hydrophobic groups,
further hinting the self-assembly of CMP.

3.2 The self-assembly behavior of CMP, GCD/CMP and
GLH/CMP
3.2.1 The effect of hydrophilic and hydrophobic groups on
the self-assembly process and morphology of CMP
The self-assembly behavior of CMP, GCD/CMP and
GLH/CMP can be analyzed by measuring the turbidity
changes. Figure 2 shows the turbidity changes with time
in the self-assembly process of CMP, GCD/CMP and
GLH/CMP, and the microscopic morphology of the cor-
responding self-assembles at different magnifications. All
the turbidity curves of CMP, GCD/CMP and GLH/CMP
exhibit anticipatory “S” shaped, indicating that the self-
assembly process of the GCD/CMP and GLH/CMP are
still coincided with a cooperative “nucleation-growth”
mechanism,. Based on the shape of the survey curve, the

assembly process can be divided into three stages: nucle-
ation stage, growth stage and equilibrium stage. Further,
in the nucleation stage, the changes in turbidity are neg-
ligible. Subsequently, the nucleation core gradually
forms in the growth phase, in which the core gradually
grows into aggregates. Finally, the self-assembly process
enters the plateau stage where the turbidity tends to
reach the equilibrium level. Noted that the completion
time and self-assembly rate of each stage of different sys-
tems are different, which might be mainly caused by the
intermolecular forces between GCD/GLH and CMP.
Meanwhile, obvious differences at the initial stages of
kinetic curves could be observed between the CMP,
GCD/CMP and GLH/CMP, especially for the GLH/
CMP. Due to the nucleation–propagation mechanism of
polypeptide, a certain amount of polypeptide molecules
associate to form metastable nuclei during the lag phase,
upon which further molecules accrete during the growth
phase. Figure 2 showed that unlike pure CMP, the ab-
sorbance of GCD/CMP and GLH/CMP decreases after
the introduction of GCD and GLH, indicating that the
introduction of GCD and GLH has significantly negative
effects on the formation of CMP nucleation centers to
varying degrees. This phenomenon eventually leads to a
smaller particle size of GCD/CMP and GLH/CMP as-
semblies as the size of collagenassemblies is determined
by the equilibrium optical density. Reported literatures
have also verified that disparate driving forces might
have significative effects on the microscopic morphology
of the corresponding self-assembles. Particularly, the
self-assembly of CMP reaches to the plateau phase after
600 min, where the assembles are mainly composed of
vesicles and microtubules, confirmed by Fig. 3b. As for
the GCD/CMP, the turbidity reaches equilibrium at 900
min, and in this stage, the GCD/CMP assembles present
a fibrous network structure formed by interspersed

Fig. 2 Turbidity detection diagram
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dendritic fibers, which attributes to the reconstructed
hydrogen bonds between the hydrophilic groups of GCD
and polar groups of CMP. Meanwhile, it takes 800 min
for GLH/CMP self-assembly to reach plateau phase, and
the homologous microscopic morphology of GLH/CMP
assembles exhibits mainly microspheres and thin rib-
bons, most of which are microspheres therein, this may
be assigned to the hydrophobic bonds between GLH and
CMP, which hinders the intermolecular aggregation. All
in all, the introduction of hydrophilic groups and hydro-
phobic groups affects the autonomous nucleation and
growth time of CMP molecules simultaneously, leading
to the diversified formation of morphological structures
in its final aggregates. Moreover, the hydrophilic inter-
action promotes the assembles to form fibrous aggre-
gates, while the hydrophobic interaction is more
conducive to the formation of microspherical
appearance.

3.2.2 Kinetics of CMP, GCD/CMP and GLH/CMP self-
assembly
The self-assembly kinetics of CMP, GCD/CMP, and
GLH/CMP could be characterized by the dynamic
changes of absorbance. It was confirmed that the value
of ln(Ae-At)/(Ae-A0) is linearly related to time (t) from
the previous report [47]. The slope of the curve is the
self-assembly rate of the specimens. As mentioned earl-
ier, the self-assembly of CMP can be divided into three
stages. The initial nucleation stage and the nucleation
growth stage determine its self-aggregation rate. Figure 4
shows the linear fitting graph of ln(Ae-At)/(Ae-A0) and t
in the nucleation and growth stages of the CMP, GCD/
CMP, and GLH/CMP self-assembly process, respectively.
The fitting self-aggregation rate constants of the two-
phase kinetic of CMP, GCD/CMP, and GLH/CMP are
obtained from Fig. 4 by the least-squares method tabu-
lated in Table 1. Table S1 exhibits the quantitative

Fig. 3 Self-assembly SEM image, in which a represent schematic diagram and b represent SEM image
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hydrophilic groups and hydrophobic groups of CMP in
the presence of GCD and GLH, which substantiates that
GCD/CMP and GLH/CMP have an increase of 9.3% of
hydrophilic groups and 12.2% of hydrophobic groups
compared with CMP, respectively. Figure 4 and Table 1
indicate that compared with CMP, the self-assembly
rates of both GCD/CMP and GLH/CMP were reduced
by about 3.3 times and 100 times in the initial nucleation

stage, respectively, and decreased by about 2.8 times and
250 times in the growth stage, respectively. This maybe
because the emerging hydrophobic and hydrophilic
forces between CMP nuclei increases due to the incre-
mental corresponding groups, thereby resulting in a pro-
longed time in the self-assembly kinetic process. Noted
that whether in the nucleation growth stage or the initial
nucleation stage, the assembly rate of GCD/CMP is two
orders of magnitude faster than that of GLH/CMP, indi-
cating that the hydrophilic effect in the growth stage is
stronger driving effects than the hydrophobic force on
molecular self-assembly under the experimental condi-
tions. Consequently, both supernumerary hydrophilic
groups and hydrophobic groups delay the self-assembly
process of CMP owing to the altered hydrogen bonds

Fig. 4 Dynamic curve of nucleation stage and growth stage

Table 1 Self-assembly rates of CMP, GCD/CMP and GLH/CMP

Sample Lag phase(L/(g•cm•min)) Growth phase(L/(g•cm•min))

CMP 2.27 × 10− 3 1.46 × 10− 2

GCD/CMP 5.32 × 10− 4 5.25 × 10− 3

GLH/CMP 2.25 × 10− 5 5.82 × 10− 5
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and hydrophobic forces between CMP molecules, which
is fortunately consistent with the above-mentioned tur-
bidity analysis results.

3.3 Performance analysis of CMP, GCD/CMP and GLH/CMP
assemblies
The hydrophilic and hydrophobic properties of CMP,
GCD/CMP and GLH/CMP are evaluated by SCA. Fig-
ure 5c shows that the SCA of CMP and GCD/CMP are
52.8° and 32.4°, respectively, exhibiting the hydrophilic
nature. While, the SCA of GLH/CMP presents 140.7°,
which is a highly hydrophobic substance. Figure 5b dis-
plays the DCA of CMP, GCD/CMP and GLH/CMP. The
DCA of CMP is finally stable at 40.4°, which shows that
CMP has better hydrophilicity. For the GLH/CMP, it
maintains at a higher DCA compared with CMP, indi-
cating highly hydrophobic. This may be because the
CMP has been hydrophobically modified to introduce
hydrophobic Si and alkyl groups. For the GCD/CMP,
the DCA quickly decreases to 0° and remains at 0°,
which could be speculated that it may be due to the re-
action of the amino groups on the CMP molecular chain
with the epoxy groups to generate more hydrophilic

hydroxyl groups, indicating that the improved hydro-
philic performance of CMP.
Figure 5d exhibits the in vitro degradation properties

of the CMP, GCD/CMP and GLH/CMP exposed to the
SBF simulated body fluid. The results indicate that the
CMP film is basically degraded after 5 min. Homoplasti-
cally, the GCD/CMP film could be absolutely dissolved
in the SBF solution in about 8 s. Quite differently, the
degradation rate of the GLH/CMP membrane are only
46% degraded after the immersion period of 15 days.
Obviously, the introduction of hydrophobic groups
could greatly improve the in vitro degradation resistance
of CMP, which is significantly conducive to its biological
applications.

4 Conclusions
The objective of this study is to evaluate the self-
assembly mechanism of CMP, particularly the effect of
hydrophilic and hydrophobic interactions between CMP
bulk on its self-assembly behavior and morphology by
grafting the hydrophilic GCD and hydrophobic GLH
onto the side chains of CMP through the ring-opening
reaction. The results exhibite that both the self-assembly
process of the hydrophilic GCD/CMP and hydrophobic

Fig. 5 a Contact Angle and time relationship; b The DCA diagram; c The SCA image; d Degradation of CMP, GCD/CMP and GLH/CMP
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GLH/CMP are stratified with the “nucleation-growth”
mechanism. Meanwhile, the supernumerary hydrophilic
or hydrophobic interactions between the CMP result in
a prolonged self-ssembly period, and moderative recon-
struction rates both in lag phase and growth phase, espe-
cially the nucleation growth period. Noted that, the self-
assembly rate of the GCD/HGL is faster than that of the
GLG/CMP in the nucleation growth stage, indicating
that hydrophilic interactions might have stronger driving
effects on CMP self-assembly in the experimental condi-
tions. Moreover, we also confirm that the hydrophilic
and hydrophobic interactions have a regulatory effect on
the morphology and structure of CMP self-assembles.
The hydrophilic forces promote CMP to generate nano-
fiberous structures, while hydrophobic interactions are
more conducive to the formation ofthe microsphere
structures. Besides, the GLH/CMP membrane has better
resistance to degradation in vitro. This work for the first
time reveals the influence of the hydrophilic and hydro-
phobic forces on the assembly process of CMP bioma-
cromolecules, as well as the morphology and structure
of self-assembles. Achieved precise control of the
morphology of CMP assembles, and constructed a series
of multi-scale molecular assembly functional systems,
laying a theoretical and practical foundation for the ap-
plication of CMP and its aggregates in drug delivery,
wound healing, tissue engineering, and cell culture.
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