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Hyaluronic acid (HA)-based hydrogels have applied widely for biomedical applications due to its
biocompatibility and biodegradability. However, the use of initiators or crosslinkers during the hydrogel
formation may cause cytotoxicity and thereby impair the biocompatibility. Inspired by the crosslinking
mechanism of fibrin gel, a novel HA-based hydrogel was developed via the in situ supramolecular as-
sembly based on knob-hole interactions between fibrinogen and knob-grafted HA (knob-g-HA) in this
study. The knob-grafted HA was synthesized by coupling knob peptides (GPRPAAC, a mimic peptide of
fibrin knob A) to HA via Michael addition. Then the translucent fibrinogen/knob-g-HA hydrogels were
prepared by simply mixing the solutions of knob-g-HA and fibrinogen at the knob/hole ratio of 1.2. The
rheological behaviors of the fibrinogen/knob-g-HA hydrogels with the fibrinogen concentrations of 50,
100 and 200 mg/mL were evaluated, and it was found that the dynamic storage moduli (G0) were higher
than the loss moduli (G00) over the whole frequency range for all the groups. The SEM results showed that
fibrinogen/knob-g-HA hydrogels presented the heterogeneous mesh-like structures which were
different from the honeycomb-like structures of fibrinogen/MA-HA hydrogels. Correspondingly, a higher
swelling ratio was obtained in the groups of fibrinogen/knob-g-HA hydrogel. Finally, the cytocompati-
bility of fibrinogen/knob-g-HA hydrogels was proved by live/dead stainings and MTT assays in the 293T
cells encapsulation test. All these results highlight the biological potential of the fibrinogen/knob-g-HA
hydrogels for 3D cellular engineering.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
1. Introduction

With the exquisite nano- and micro-scale features of extracel-
lular matrix (ECM), hydrogels have become a class of biomaterials
for cell encapsulation, tissue engineering and regenerative medi-
cine in recent years. Currently, hydrogels fabricated from the nat-
ural materials including collagen, hyaluronic acid (HA), and alginate
are attracted much attention. Among them, HA, which is abundant
in many tissues of the body [1], plays vital roles in cellular behav-
iors and physiological processes such as proliferation [2,3]
morphogenesis [4,5] migration [6] inflammation and wound
healing [7e9]. HA has been used widely in the fields of surface
coating, drug/gene delivery [10], and particularly tissue engineer-
ing [11]. The biocompatibility and biodegradability make HA
nications Co., Ltd.
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hydrogel to be an attractive matrix for regenerating a wide variety
of tissues and organs such as cartilage [12,13], adipose [14,15], brain
[16,17], and blood vessel [18].

To obtain the robust mechanical property, HA hydrogels are
normally formed by a covalent crosslinking by the addition of
crosslinkers, catalysts or photoinitiators, which may cause cyto-
toxicity [19e23]. Currently, several strategies were reported to
avoid these disadvantages. For example, HA hydrogels were
crosslinked via Diels-Alder reaction to avoid impairing the
biocompatibility [24]. In our previous work, Xing et al. prepared a
bioactive HA-based hydrogel by Diels-Alder reaction between the
CQAASIKVAV peptide-modified furan-HA and the bismaleimide-
functionalized poly(ethylene glycol) (PEG) for promoting neurite
outgrowth of PC12 cells [25]. Crescenzi et al. also developed a novel
crosslinking procedure based on copper-catalyzed azide-alkyne
cycloaddition to form the HA-based gels in situ, which did not show
toxic for both yeast cells and red blood cells [26]. Recently, Bro-
guiere et al. demonstrated the specific transglutaminase activity of
the activated blood coagulation factor XIII (FXIIIa) on accelerating
Ai Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
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Scheme 1. Schematic illustration of the formation of fibrinogen/hyaluronic acid hydrogel via knob-hole interaction for cells encapsulation.
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the reaction between lysine and glutamine of HA derivatives, and
thus the formation of HA hydrogels [27].

Supramolecular assembly, based on natural host-guest pairs
such as biotin and avidin or synthetic pairs like cyclodextrin and
PEG, has been employed in the fields of surface modifications [28],
molecular separation [29], drug delivery and hydrogels formation
[30,31]. Park et al. prepared a supramolecular hydrogel of cucurbit
[6]uril (CB[6])-conjugated HA via the interaction between CB[6]
and diaminohexane (DAH). The CB[6]/DAH-HA hydrogels were
feasible to deliver proper cues for cellular proliferation and differ-
entiation [32]. Thompson et al. reported a series of noncovalent
hydrogels crosslinked by receptor-ligand interactions between
biotinylated PEG and avidin. Furthermore, the hydrogels based
RGD- and metal matrix proteinase (MMP)-functionalized bio-
tinylated PEGs were proved to be biocompatible with the improved
spreading of mesenchymal stem cells (MSCs) [33].

As one of the main components in plasma [34], fibrinogen
avoids eliciting an inflammatory response, foreign body reaction
and other adverse reactions and has been an attractive material for
regenerative medicine. With the development of molecular
biology, the molecular mechanism of the conversion of fibrinogen
into fibrin was disclosed gradually [35,36]. Fibrinogen is a 45 nm
long and 340 kD large glycoprotein consisting of three pairs of
polypeptide chains (Aa, Bb, and g) [37,38]. Cleaved by thrombin, a
pair of binding sites (knob A/B) was generated at the fibrinopeptide
A (FpA) and B (FpB) in the central N-terminal part of E-domain.
Under a specific interaction between “knob” and “hole” (the site in
the D-domains of fibrinogen), the fibrin fibers are aggregated and
further covalently crosslinked into stable clots by FXIIIa. It was
found that the yield force between “knob” and “hole” is comparable
with the strongest noncovalent interaction between streptavidin
and biotin [35]. It gives the potentials to use “knob”-“hole” inter-
action for engineering a hydrogel.

Inspired by the crosslinkingmechanism of fibrin gel, a novel HA-
based hydrogel with no decaying in biocompatibility was devel-
oped via the “knob”-“hole” interactions between fibrinogen and
the knob-grafted HA (knob-g-HA) in this study (Scheme 1). Briefly,
knob-g-HA was synthesized by coupling GPRPAAC peptides (knob)
to methacrylated HA (MA-HA) via Michael addition reaction. Then
the fibrinogen/knob-g-HA hydrogels were prepared by mixing
fibrinogen and knob-g-HA solutions. The influences of the fibrin-
ogen concentration and the “knob”/“hole” ratio on gel formation
were investigated. The rheological behaviors, swelling properties,
and microstructures were also studied. Finally, the application of
the fibrinogen/knob-g-HA hydrogels for cells encapsulation was
investigated.
2. Material and method

2.1. Materials

Hyaluronic acid (HA, Mw 1.1 � 105 Da) was purchased from
Zhenjiang Dong Yuan Biotech Co., Ltd. Methacrylic anhydride was
bought from Alfa Aesar (Tianjin) chemical Co., Ltd. Cysteine ter-
minating fibrin knob peptide GPRPAAC (knob A) was synthesized
by Sangon Biotech (Shanghai) Co., Ltd. Triethanolamine (TEA) was
purchased from Sinopharm Chemical Reagent Co., Ltd. 5, 50-Dithio
bis-(2-nitrobenzoic acid) (DTNB) was the product of Aladdin
Chemistry Co., Ltd. Human fibrinogen was purchased from Green
Cross (China) Bio-products Co., Ltd. Tris(hydroxymethyl)amino-
methane (Tris) was obtained from Amresco. Propidium iodide (PI)
and 3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) were purchased from Sigma Chemical Co. Calcein
AM(Ca-AM) was purchased from US Everbright Inc., and 2-
hydroxy-4’-(2-hydroxyethoxy)-2-methylpropiophenone (2959)
was obtained from Tokyo Chemical industry Co., Ltd. All other re-
agents were analytical grade and used without further treatment if
not specially mentioned. Water used in the experiments was pu-
rified by Milli-Q water system (Millipore, USA).

2.2. Synthesis of methacrylated HA (MA-HA)

HA was methacrylated according to the method reported pre-
viously [39]. Briefly, HA sodium salt (1 g) was dissolved in Milli-Q
water (100 mL) at 4 �C under agitation overnight, into which five-
fold methacrylic anhydride was added dropwise. The pH value
was maintained between 8 and 10 by adding 5 M NaOH. The re-
action was carried out in ice bath for 24 h under agitation. Then,
NaCl was added to the mixture to a concentration of 0.5 M. MA-HA
was collected by precipitating the solution in 5-fold volume of
ethanol twice. MA-HAwas then dialyzed (MWCO 3500 Da) against
deionized water for 4 days, and the final product was obtained by
lyophilization and stored at 4 �C. The purified MA-HA was char-
acterized by 1HNMR, fromwhich themethacrylation degree ofMA-
HA was quantified.

2.3. Synthesis of knob-g-HA

Knob-g-HA was synthesized via Michael addition reaction be-
tween the methacrylate groups of MA-HA and the thiol groups of
knob peptide. In brief, MA-HA (450 mg) was dissolved in Milli-Q
water (15 mL) at room temperature. After complete dissolution,
30 mL nucleophilic buffering reagent TEA (30 mM) was added to
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obtain the MA-HA/TEA buffer solution. Under the atmosphere of
nitrogen, knob A (90 mg) was added, and the solution was incu-
bated for 24 h at room temperature with gentle agitation. At pre-
determined time points, 40 mL reacting solution was removed and
diluted into 160 mL Tris buffer solution. Then 0.1 mM DTNB solution
was added to trace the reaction processes. To purify knob-g-HA, the
reaction solution was added into 250 mL ethanol with vigorous
stirring, and the precipitated product was washed twice with
ethanol. The knob-g-HA solution underwent four-day dialysis
(MWCO 3500 Da) against deionized water, and the lyophilized
knob-g-HA was stored at 4 �C until use. 1H NMR analysis was per-
formed to quantify the peptide grafting ratio.

2.4. Preparation of fibrinogen/knob-g-HA hydrogels

A certain amount of knob-g-HA were dissolved into Tris-Ca
buffer solution (140 mM NaCl, 5 mM CaCl2, 20 mM Tris, pH 7.4)
to prepare the knob-g-HA solution. Then the equal volume of
fibrinogen solution (200 mg/mL) were mixed with the knob-g-HA
solution to yield the fibrinogen/knob-g-HA hydrogel, noted as
F(200)/knob-g-HA. To determine the effect of the knob: hole ratio
on hydrogel formation, a series of hydrogels with the knob: hole
mole ratios of 0.5:1, 1:1, 1.2:1, 1.5:1, 2:1, and 10:1 were prepared,
respectively. The formation of hydrogel was determined by the tube
inverting method. Changing knob-g-HA toMA-HA, Fibrinogen/MA-
HA hydrogels were also prepared according to the similar proced-
ure with fibrinogen solution of 200 mg/mL and treated under ul-
traviolet irradiation(365 nm, 1.2 mW/cm2) for 3min with addition
of photoinitiator 2959 (0.2% w/v).

2.5. Rheological measurement

Rheological analysis was performed by an ARG2 rheometer (TA
Instruments Inc.) with standard steel parallel-plate geometry
(20 mm diameter). The knob-g-HA solutions and fibrinogen solu-
tionsweremixedwith differentfibrinogen concentrations, and then
the mixed solutions were injected onto the plate. The rheological
tests were performed 5 mins later for complete gelation. To ensure
themeasurements were performed in the linear viscoelastic region,
the dynamic strain sweep tests were performed on the hydrogels at
a 1.0 Hz oscillation frequency to discover the linear viscoelastic re-
gion. The dynamic storage (G0) and loss (G00)moduli weremonitored
at a constant strain amplitude (0.1%) as a function of frequency.

2.6. Microstructure observation

The hydrogel samples for microstructure observation were
prepared by being immersed into liquid nitrogen for 15 min and
freeze-dried overnight. Then,the cross-sectional surface of the
samples were coated with gold and examined by a scanning elec-
tron microscopy (SEM S-3000N, Hitachi, Japan) with an acceler-
ating voltage of 3.0 kV.

2.7. Swelling ratio measurement

Briefly, the fibrinogen/knob-g-HA hydrogels were lyophilized
and weighed (W0). Then, the dried samples were immersed in 2mL
of PBS (pH 7.4) at 37 �C. At each interval, after removed the surface
water by a filter paper, the samples were weighed again (Wt). The
swelling ratios were calculated by the formula of (Wt-W0)/
W0 � 100%.

2.8. Cell encapsulation test

The biocompatibility of the fibrinogen/knob-g-HA hydrogel was
evaluated by the encapsulation test of 293T cells, taking the
fibrinogen/MA-HA hydrogel as control. Briefly, 293T cells were
suspended in the fibrinogen solution at a density of 3 � 106 cells/
mL. The cells suspension (200 mL) was then mixed with the same
volume of knob-g-HA directly or MA-HA solution with 0.4% pho-
toinitiator 2959. After gel formation, 200 mL high-glucose DMEM
(Gibco, USA) supplemented with 10% fetal bovine serum (FBS,
Sijiqing Inc., Hangzhou, China), 100 U/mL penicillin and 100 g/mL
streptomycin was added. Then, the cell-laden hydrogels were
cultured at 37 �C under 5% CO2.

Live/dead staining and MTT assay were applied to investigate
the viability of the encapsulated 293T cells. The samples of after
encapsulation immediately and after 1 day and 3 days culture were
incubated in the solution of Ca-AM (2 mg/mL) and PI (10 mg/mL) for
30 min at 37 �C. After washed with PBS (pH 7.4) for 3 times, the cell
morphologies were observed under a fluorescence microscope (X-
Cite Series 120Q, Canada). For MTT assay, at each interval, the cul-
ture medium was aspirated and then the samples were washed
twicewith PBS (pH 7.4). Then,100 mLMTT solution (0.5mg/mL) was
added to each sample and further incubated for 4 h at 37 �C. After
removed the medium, 500 mL dimethyl sulphoxide (DMSO) was
added to dissolve the formazan crystals. After centrifugation of the
resulting solution at 5000 rpm for 10 min, 200 mL supernatant was
pipetted and placed in a 96-well plate. The optical density of the
solution was recorded using a Microplate Reader (Bio-Rad, model
680, USA) at a wavelength of 570 nm.

2.9. Statistical analysis

The swelling experiments and MTT assays were performed with
at least three samples, respectively. Experimental data were
expressed as mean ± standard deviation (SD) and the significant
difference were analyzed by one way of variance (ANOVA) by using
SPSS software (SPSS Inc., Chicago, USA). The significant level was
set as p < 0.05.

3. Results and discussion

3.1. Synthesis and characterization of knob-g-HA

HA was modified by methacrylic anhydride via esterification
reaction to obtain methacrylated HA (MA-HA), to which knob was
then grafted via Michael addition reaction to yield knob-g-HA as
schematically shown in Fig. 1 A. As shown in the 1H NMR spectra in
Fig. 1 B, the unmodified HA showed several typical peaks at d4.42,
4.33, 3.1e3.8 and 1.89 ppm. For MA-HA, two peaks at d 6.05 and
5.62 ppm, as well as peaks near 1.89 ppm could be assigned to -CH2
and -CH3 of methacrylate groups, respectively. Taking the methyl
resonance of MA-HA at d 1.56e1.95 ppm as an internal standard,
the degree of methacrylate modification was calculated as ~37.88%.
Compared to MA-HA, the spectra of knob-g-HA showed that the
signal at d 6.05 and 5.62 ppm decreased and the peaks at 3.34 ppm
(H2N-CH2-CO-, G), 2.90 and 2.72 ppm (-CH-CH2-S-, C), 2.20 ppm
(-CH-CH2-CH2-, P), 1.29 ppm (-CH-CH2-CH2, R), and 1.11 ppm (-HN-
CH(CH3)-CO-, A) could be assigned to the amino acids of knob
peptide (GPRPAAC). These results demonstrated the successful
synthesis of knob-g-HA. Furthermore, determined by the decrease
of the signal at d 6.05 and 5.62 ppm, the knob-grafting ratio was
calculated as 18.7%.

3.2. Formation of fibrinogen/knob-g-HA hydrogels

To investigate the effect of the “knob”/“hole” ratio on hydrogel
formation, an equal volume of fibrinogen and knob-g-HA with
varied concentration were mixed. As shown in Fig. 2 A, a



Fig. 1. Synthesis route (A) and 1H NMR spectra (B) of knob-g-HA.
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translucent hydrogel was formed only when the ratio is 1.2, and no
stable hydrogel could be formed when the ratios are lower or
higher than this value. In theory, a cross-linked network should be
generated when the “knob”/“hole” ratio of equals to 1. However,
because of the entanglement and steric hindrance between knob-
g-HA macromolecules, it is hard for “knob” to engage fully with
“hole”. Therefore, a higher “knob”/“hole” ratio was needed. How-
ever, the further increase of the ratio would result in a lower
crosslinking efficiency of fibrinogen, which has two holes at the end
of each molecule. Furthermore, the effect of the fibrinogen con-
centration on the hydrogel formation was also investigated. It was
found that the mixtures became more solid when the fibrinogen
concentration increased from 50 to 200 mg/mL.

3.3. Rheological properties

The rheological behaviors of the fibrinogen/knob-g-HA hydro-
gels with the fibrinogen concentrations of 50, 100 and 200 mg/mL
(named as F(50)/knob-g-HA, F(100)/knob-g-HA and F(200)/knob-
g-HA, respectively) were evaluated and presented in Fig. 2 B. It
showed that the storage modulus (G0) for all the hydrogels were
higher than the corresponding loss modulus (G00) over the full
frequency range, indicating the formation of the fibrinogen/knob-
g-HA hydrogels. With the increase of the fibrinogen concentra-
tions, the higher G0 and G00 of the hydrogels were obtained, indi-
cating the increased mechanical strength and the shape retention
property. When the “knob”/“hole” ratio fixed, the crosslinking
density of the hydrogels increased with the augment of the
fibrinogen concentrations. In general, the mechanical strength of
the fibrinogen/knob-g-HA hydrogel is relatively weak. Although
the knob-hole interaction has a very high binding constant similar
to that of biotin-streptavidin interaction, the mechanical property
of knob-g-HA/Fibrinogen gel is also determined by many other
factors such as the cross-linking density. As fibrinogen is a 45 nm
long and 340 kD large molecule with only two holes in distal C-
terminal [36], the binding sites might be encapsulated inside the
huge biomolecule, and therefore the reaction probability of with
holes would be reduced, resulting in a low cross-linking density
and low mechanical properties. However, at a fibrinogen concen-
tration of 200 mg/mL, the fibrinogen/knob-g-HA hydrogel was
robust enough to hold its shape (data not shown) and support cell
culture. It is hard to prepare a more robust hydrogel by the further
increase of fibrinogen concentration as the fibrinogen solution is
too viscous to be operated when it is higher than 200 mg/mL.

3.4. Microstructures and swelling behaviors

The microstructures of the fibrinogen/knob-g-HA hydrogels
with different fibrinogen concentrations and the fibrinogen/MA-
HA hydrogels were presented in Fig. 3 A. The heterogeneous
mesh-like structures were observed in the groups of fibrinogen/
knob-g-HA hydrogels (Fig. 3 A: a, b, c, e, f, g). For F (50)/knob-g-



Fig. 2. (A) Photographs of the forming process of the fibrinogen/knob-g-HA hydrogel with a fibrinogen concentration of 200 mg/mL. (B) Frequency sweep rheological analysis for
storage (G0) and loss (G00) moduli of the fibrinogen/knob-g-HA hydrogels with different fibrinogen concentrations.
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HA hydrogels, the porous structures on the surfacewere collapsed a
little (Fig. 3 A: a, e). While, with the increase of the fibrinogen
concentration, the porous structures were kept better. Besides the
fiber structures, more sheet-like structures were presented with
the bigger pore sizes (Fig. 3 A: b, c, f, g). These results are contrib-
uted to the increasing crosslinking densities with the increasing
Fig. 3. (A) SEM images of the fibrinogen/knob-g-HA hydrogels with the fibrinogen concentr
hydrogel with a concentration of 200mg/mL. (eeh) are the corresponding images with highe
fibrinogen concentrations, which are consistent with the results of
rheological measurements. In contrast, the fibrinogen/MA-HA
hydrogels showed honeycomb-like structures with dense sheet-
like walls, which were significantly different from that of the
fibrinogen/MA-HA hydrogels (Fig. 3 A: d, h). It is known that the
crosslinking of the fibrinogen/MA-HA hydrogels was based on the
ations of 50 mg/mL (a), 100 mg/mL (b), and 200 mg/ml(c). (d) is the fibrinogen/MA-HA
r magnification. (B) Swelling ratios of F(200)/knob-g-HA and F(200)/MA-HA hydrogels.
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free radical polymerization of MA-HA with the addition of the
photoinitiator 2959 and under UV irradiation, which resulted in
much higher crosslinking densities and thereby the denser net-
works. However, for the fibrinogen/knob-g-HA hydrogels, because
of the relatively longer distance between the crosslinking points,
the looser mesh-like structures were formed inside the hydrogels.
Such porous and interconnected structures can provide efficient
channels for rapid transport of water, nutrients, and metabolites,
which is beneficial for cell growth.

Fig. 3 B showed the swelling ratios of the hydrogels in PBS (pH
7.4) with the immersion time. It was remarkable to note that the
fibrinogen/knob-g-HA hydrogels exhibited higher swelling ratios
than the fibrinogen/MA-HA hydrogels. The swelling ratios of the
fibrinogen/knob-g-HA hydrogel increased rapidly. It just took
15min to reach swelling equilibrium, resulting in a swelling ratio of
~270%. As to the fibrinogen/MA-HA hydrogels, the time to reach
equilibrium swelling (with a ratio of 120%) is about 30 min. It could
be explained by the microstructure difference as explored by SEM.
The interconnected mesh-like structures of the fibrinogen/knob-g-
HA hydrogels were more conducive for substance exchange than
the honeycomb-like structures of the fibrinogen/MA-HA hydrogels.
3.5. Cytocompatibility

The cytotoxicities of the fibrinogen/knob-g-HA and fibrinogen/
MA-HA hydrogels were compared using a live/dead cell staining.
As presented in Fig. 4 A, the cells could be distributed evenly after
encapsulated into both kinds of hydrogels. For the cells encapsu-
lated into the fibrinogen/knob-g-HA hydrogels instantly (0 day), all
of them showed green colour, indicating the live state (Fig. 4 A: a).
Fig. 4. (A) Live (green)/dead (red) stainings of 293T cells encapsulated in F(200)/Knob-
g-HA hydrogels (a-c) and F(200)/MA-HA hydrogels (def) for 0 day (a, d), 1 day (b, e)
and 3 days (c, f), respectively. (B) Cell viabilities of 293T cells in F(200)/knob-g-HA
hydrogels and F(200)/MA-HA hydrogels for different time.
When the culture time increased to 1 day, there was still no cell in
red colour (Fig. 4 A: b). After incubation for 3 days, only a few of
cells were stained by red, and above 90% cells were alive (Fig. 4 A:
c).While, for the case of the fibrinogen/MA-HA hydrogels, many red
cells could be observed after 1 day culture. Few of cells showed
green after incubated for 3 days, indicating the cells were almost
dead (Fig. 4 A: c).

The viabilities of the cells in both hydrogels were also evaluated
by MTT assay (Fig. 4 B). For the fibrinogen/MA-HA group, the via-
bilities did not increase with the prolongation of culture time. On
the contrary, the cell viabilities of the fibrinogen/knob-g-HA group
increased with the culture time. Furthermore, except for the sam-
ples of day 1, much higher cell viabilities in the fibrinogen/knob-g-
HA groupwere detected than those of the fibrinogen/MA-HA group
at the other time intervals, indicating the better cytocompatibility
to support cell proliferation. These differences could be attributed
to the cytotoxicity of photo initiators and UV irradiations during the
preparation of the fibrinogen/MA-HA hydrogels, which has been
reported in many previous studies [27,40,41]. In summary, the in
situ formation of fibrinogen/knob-g-HA hydrogels base on “knob”-
“hole” interaction shows the unique characteristics for the appli-
cations for 3D cellular engineering.

4. Conclusions

The fibrinogen/knob-g-HA hydrogels based on the “knob” -
“hole” interaction were facilely fabricated. It was found that when
the “knob”/“hole” ratio is 1.2, a translucent hydrogel was formed.
Higher storage moduli were detected with the increase of the
fibrinogen concentrations, indicating the more robust hydrogels
were obtained. Compared to the honeycomb-like structures of the
fibrinogen/MA-HA hydrogels, the heterogeneous mesh-like struc-
tures were observed in the fibrinogen/knob-g-HA hydrogels, which
exhibited higher swelling ratios correspondingly. It was further
shown that the cells encapsulated in the fibrinogen/knob-g-HA
hydrogels had a higher viability than that in the fibrinogen/MA-
HA hydrogels. All the results demonstrated that the supramolecu-
lar assembly via “knob”-“hole” interactions would be a facile
method to prepare a HA-based hydrogel with good biocompati-
bility, which is suitable for various biomedical applications such as
tissue engineering and regenerative medicine.
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