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Abstract

Microparticles composed of calcium phosphate (CaP) and chitosan covered with 2-
methacryloyloxyethyl phosphorylcholine (MPC) polymer were prepared in a single step by coaxial
electrospraying. An aqueous solution containing calcium chloride, chitosan and an MPC polymer
ethanol solution were electrosprayed from coaxial double needles into a phosphate solution.
CaP/chitosan microparticles were successfully formed and their surfaces were simultaneously covered
with MPC polymer. The resulting microparticles had an average diameter of around 400 pm.
Investigation using fluorescently labeled MPC polymer revealed surface coverage of the CaP/chitosan
microparticles with MPC polymer. The formation of CaP, mainly hydroxyapatite, was confirmed by
X-ray diffraction measurement. A protein adsorption study revealed that bovine serum albumin (BSA)

adsorption on the microparticles was effectively suppressed by the MPC polymer. Model substances
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(dextran and BSA) were successfully encapsulated within the microparticles, with high encapsulation
efficiencies (more than 80%), in a single step by coaxial electrospraying. Finally, we succeeded in the
selective immobilization of a target protein on the surface of the CaP/chitosan microparticles covered

with MPC polymer.

1. Introduction

Calcium phosphate (CaP) is a major component of body tissue that has recently attracted increased
attention as a biomaterial because of its appropriate biodegradation and excellent biocompatibility.
CaP is widely applied in artificial bone, drug delivery carriers, and cell scaffolds [1-5], and is also
exploited in biomimetic mineralization research [6,7]. Although CaP crystals can be synthesized under
mild conditions, it is usually difficult to control the crystal growth and the size (also shape) of CaP
particles while preventing their aggregation [8]. To overcome these difficulties, there have been many
reports on the preparation of CaP microparticles, including mechanochemical processing, chemical
precipitation, microemulsion, and hydrothermal treatment [9-12]. An electrospray technique is an
effective method to create a fast reaction to produce CaP microparticles in a single step. We reported
the preparation of microparticles composed of calcium phosphate and organic polymer additives in a
single step by electrospraying, and showed excellent encapsulation properties for various substances
[13].

The surface properties of CaP particles play an important role in the application for life sciences,
because its surface is in direct contact with biological substances. Indeed, CaP adsorbs a wide variety
of molecules (proteins, organic acids, saccharides and nucleic acids) [14-18]. Therefore, the control of
the surface properties of CaP particles is of great importance. To our knowledge, however, there has
been no attempt to prepare CaP microparticles with low-fouling surfaces. In the present study, we used
2-methacryloyloxyethyl phosphorylcholine (MPC) polymers for surface coating to prevent nonspecific
protein adsorption on CaP microparticles. MPC polymers, which are inspired by the surface structure

of biomembranes and synthesized by Ishihara et al., are well-known to show excellent suppression of
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protein adsorption onto various surfaces [19]. Here, we used a coaxial electrospray technique to
prepare CaP-polymer hybrid microparticles covered with MPC polymer in a single step, and
demonstrated low-fouling of the microparticles. Moreover, we succeeded in the selective
immobilization of a target protein on the low-fouling surfaces of the microparticles using avidin-biotin
interaction [20], which proposes high potential of CaP-polymer hybrid microparticles functionalized

with biomolecules.

2. Materials and methods

Calcium chloride, chitosan (commercially available chitosan 10, with an aqueous solution viscosity
below 20 mPa s when dissolved in 0.5 wt% acetic acid solution at 20 °C), acetic acid, disodium
hydrogen-phosphate anhydride and ethanol were purchased from Wako Pure Chemical Industries
(Osaka, Japan). MPC polymer (Lipidure®-CM) and amine-modified MPC polymer (Lipidure®-
NHO1) were purchased from NOF America (White Plains, NY). Albumin—fluorescein isothiocyanate
conjugate (FITC-BSA), fluorescein isothiocyanate-dextran (FITC-dextran, MW = 2,000,000 Da),
albumin, tetramethylrhodamine isothiocyanate bovine (TRITC-BSA) and anti-mouse IgG (whole
molecule)-TRITC antibody produced in goat (TRITC-IgG) were purchased from Sigma (St. Louis,
MO). Tetramethylrhodamine isothiocyanate (TRITC) was purchased from Invitrogen (Carlsbad, CA).
9-(Biotinamido)-4,7-dioxanonanoic acid N-succinimidyl ester (Biotin-PEG2-NHS ) was purchased
from Tokyo Chemical Industries (Tokyo, Japan). Avidin D, TRITC conjugate (TRITC-avidin) was
purchased from Funakoshi (Tokyo, Japan). Other chemicals were purchased from Nacalai Tesque, Inc.
(Kyoto, Japan).

TRITC-labeled MPC polymer was prepared as follows. Amine-modified MPC polymer (87 mg)
was dissolved in a triethylamine/acetate buffer (pH 8, 0.1 M, 9 mL). A dimethylformamide solution (1
mL) containing 30 mg of TRITC was added to the amine-modified MPC polymer solution. After 4 h

at room temperature, the reaction solution was dialyzed with an excess amount of a



triethylamine/acetate buffer using a dialysis membrane (Slide-A-Lyzer MWCO 3 kDa, Thermo Fisher
Scientific, Waltham, MA) for 14 days, followed by freeze-drying.

Biotin-conjugated MPC polymer was prepared as follows. Amine-modified MPC polymer (64 mg)
was dissolved in a triethylamine/acetate buffer (pH 8, 0.1 M, 8 mL). A dimethylformamide solution (2
mL) containing 25 mg of biotin-PEG2-NHS was added to the amine-modified MPC polymer solution.
After 24 h at room temperature, the reaction solution was dialyzed with an excess amount of diluted
water using a dialysis membrane (Slide-A-Lyzer MWCO 3 kDa, Thermo Fisher Scientific, Waltham,

MA) for 2 days, followed by freeze-drying.

2.1. Electrospray

The coaxial electrospray (NF-102, MECC Co., Ogori, Japan) experimental equipment consisted of
syringe pumps, a stainless steel outlet comprising an inner needle nested inside an outer needle, and a
high-voltage generator. Typically, the inner needle was loaded with an aqueous solution (pH 4.0)
containing calcium chloride (5.0 wt%), chitosan (2.0 wt%), and acetic acid (200 mM), and the outer
needle was loaded with an ethanol solution containing MPC polymer (0.1, 0.2 and 0.5 wt%) and
TRITC-labeled MPC polymer (0.005 wt% for visualization experiments). The solutions were
simultaneously sprayed from the inner and outer needles (cathode), into an oppositely charged stainless
steel dish (anode) containing an aqueous solution (receiving solution, 7 mL, pH 8.9) of disodium
hydrogen phosphate (5.0 wt%) for 3 min to form CaP/chitosan microparticles covered with MPC
polymer (CaP/chitosan/MPC microparticles). During electrospraying, the aqueous solution in the dish
was gently stirred continuously using a magnetic stir bar (at approximately 100 rpm). The CaP/chitosan
microparticles without MPC polymer were prepared by the same procedure but omitting MPC polymer.

The feed rates for both the inner and outer solutions were set at 0.2 mL/h, and the working voltage
was 23 kV. The distance from the needle to the collector was 5.0 cm. The inner and outer diameters of

the inner needle were 330 and 630 pm, respectively, and those of the outer needles were 1.0 and 2.5



mm, respectively.

After electrospraying, a microparticle suspension (7 mL) was left to allow precipitation. The
supernatant was replaced with phosphate buffered saline (PBS, pH 7.4) and was left to allow
precipitation. This washing procedure was repeated twice and, finally, the microparticles were

dispersed in PBS (pH 7.4).

2.2. Characterization of CaP/chitosan/MPC microparticles
CaP/chitosan/MPC microparticles were observed using an inverted microscope (IX71, Olympus
Co., Tokyo, Japan) and a confocal laser scanning microscope (CLSM) (FV1000-D, Olympus Co,
Tokyo, Japan). Based on the microscope images, the diameters of 100 microparticles were measured.
The crystalline state of the microparticles was characterized by X-ray diffraction (XRD) (SmartLab,

Rigaku, Tokyo, Japan) with Cu-Ka incident radiation.

2.3. Evaluation of protein adsorption onto CaP/chitosan/MPC microparticles

FITC-BSA was dissolved in PBS (pH 7.4) to prepare a 1 mg/mL solution. After mixing 500 pL of
a CaP/chitosan/MPC microparticle suspension (or CaP/chitoan microparticle suspension) with 500 pL.
of FITC-BSA solution, the mixture was incubated for 1 h at 37 °C. The concentration of FITC-BSA in
the supernatant was measured using a fluorescence spectrometer (JASCO, Tokyo, Japan) (excitation
wavelength (Aex) = 490 nm, emission wavelength (Aem) = 520 nm) to quantify the amount of FITC-

BSA adsorbed on the microparticles.

2.4. Encapsulation of substances in CaP/chitosan/MPC microparticles
To evaluate encapsulation, FITC-dextran and FITC-BSA were used as core substances. The inner
needle was loaded with an aqueous solution (pH 4.0) containing calcium chloride (5.0 wt%), chitosan

(2.0 wt%), acetic acid (200 mM), and the core substrate (100 pg/mL FITC-dextran or 100 pg/mL FITC-



BSA), and the outer needle was loaded with an ethanol solution containing MPC polymer (0.5 wt%)
and TRITC-labeled MPC polymer (0.005 wt%). The solutions were simultaneously sprayed into an
aqueous solution containing 5.0 wt% disodium hydrogen-phosphate under typical conditions. The
CaP/chitosan microparticles encapsulating FITC-dextran and FITC-BSA were prepared by the same
procedure but omitting MPC polymer, for the release study. Microparticles encapsulating fluorescent
substances were observed using CLSM.

After electrospraying, the fluorescence of the supernatant of the receiving solution was measured
by a fluorescence spectrometer. An encapsulation efficiency was calculated on the basis of the
fluorescence in the supernatant and the amount of a fluorescent substance sprayed.

The release of encapsulated substances (FITC-dextran and FITC-BSA) was evaluated as follows. A
microparticle suspension was left to allow precipitation. The supernatant was replaced with a PBS (pH
7.4) and was left to allow precipitation. This washing procedure was repeated twice. A pH adjusted
aqueous buffer was added to the precipitate to disperse microparticles. A HEPES buffer (0.1 M, pH
7.4) and an acetate buffer (0.1 M, pH 5.5) were used as a pH-adjusted buffer. The suspension was
gently mixed using a test tube rotator at 25 °C for 48 h in the dark. Supernatant samples were

periodically drawn from the suspension and subjected to fluorescence measurements.

2.5. Immobilization of avidin on the surface of CaP/chitosan/biotin-conjugated MPC microparticles

Biotin-conjugated MPC polymer was coated onto CaP/chitosan microparticles as follows. The
inner needle was loaded with an aqueous solution (pH 4.0) containing calcium chloride (5.0 wt%),
chitosan (2.0 wt%) and acetic acid (200 mM), and the outer needle was loaded with an ethanol solution
containing MPC polymer (0.5 wt%) and biotin-conjugated MPC polymer (0.005 wt%). The solutions
were simultaneously sprayed into an aqueous solution containing 5.0 wt% disodium hydrogen-
phosphate under typical conditions.

A microparticle suspension was washed by the same procedure described above. Each protein



solution containing TRITC-avidin, TRITC-BSA or TRITC-IgG (0.01 mg/mL each) in PBS (pH 7.4)
was added to the microparticle precipitate. After incubation for 1 h at 37 °C, each of the supernatant
was replaced with phosphate buffered saline (PBS, pH 7.4) and was left to allow precipitation. This
washing procedure was repeated twice and, finally, the microparticles were dispersed in PBS (pH 7.4).
The CaP/chitosan/MPC (non-conjugated with biotin) microparticles were also incubated in TRITC-

avidin solution by the same procedure. After washing, the microparticles were observed using CLSM.

3. Results and discussion
3.1. Preparation and characterization of CaP/chitosan/MPC microparticles

An ethanol solution containing MPC polymer and TRITC-labeled MPC polymer, and an acetic acid
aqueous solution containing calcium chloride and chitosan were electrosprayed from the outer and
inner needles, respectively, of the coaxial electrospray apparatus shown in Fig. 1. An aqueous solution
of disodium hydrogen phosphate (5.0 wt%) was used as a receiving solution. The ejected microdroplets
(composed of an aqueous solution containing Ca*" and polyelectrolyte (chitosan) and ethanol solution
containing MPC polymers) fell into the receiving solution containing PO4*". PO4* diffused to react
with Ca?* to form calcium phosphate (CaP), resulting in CaP/chitosan microparticles. Simultaneously
the microparticles were covered with MPC polymer (Fig. 1) because of the poor solubility of MPC
polymer in water and strong interaction between CaP and many kinds of organic polymers [13].

Fig. 2a and b show bright-field microscope and CLSM images of CaP/chitosan/MPC microparticles
prepared with a 0.5 wt% MPC polymer solution. Fig. 2a shows that pleated microparticles ranging
300—400 pm in diameter were successfully prepared. As shown in Fig. 2b, the surface of CaP/chitosan
microparticles exhibited red fluorescence derived from TRITC-labeled MPC polymer, suggesting
surface coverage with the MPC polymer, which supports the scheme for formation of
CaP/chitosan/MPC microparticles proposed above. As proposed in the scheme (Fig. 1), TRITC-labeled

MPC polymer mainly exists in the surface of the particles, however, a little amount of TRITC-labeled



MPC polymer also exists inside the particles, which suggests that a part of MPC polymer diffused
inside microdroplets of CaP/chitosan during being sprayed. The mean diameter of the microparticles
was 410 um (C.V. 17%), with a relatively narrow distribution (Fig. 2¢). The relatively narrow diameter
distribution of microparticles prepared by the electrospray technique agrees with our previous reports
[13,21,22].

The XRD spectrum of the prepared microparticles shows peaks (26° and 32°) typical of
hydroxyapatite crystals (Fig. 2d), which is also consistent with our previous report [13]. These results
support our proposed mechanism for the formation of CaP/chitosan microparticles covered with MPC
polymer.

The effect of the inner diameter of the inner needle was also studied (130, 190 and 330 um). The
diameter of microparticles increased (140, 240 and 410 um in average diameters, respectively) as the
inner diameter of the needle increased. Size control was thus easily achieved by varying the needle
diameter.

In the present study, we also confirmed a stable electrospraying to continuously produce the

microparticles under the present electrospray conditions.

3.2. Protein adsorption onto CaP/chitosan/MPC microparticles

To evaluate the effect of MPC polymer coating of CaP/chitosan microparticles, protein adsorption
experiments were conducted. Fig. 3 shows the amount of BSA adsorbed on the microparticles with
various concentrations of MPC polymer (concentration in the feed ethanol solution). Several research
groups reported that CaP exhibits high protein adsorption properties [14-16]. Indeed, a large amount
of BSA (approx. 250 pg/mg-microparticles) was adsorbed on CaP/chitosan microparticles without the
MPC polymer coating. The amount of BSA adsorbed decreased with increasing MPC polymer
concentration. The amount of BSA adsorbed on the microparticles with 0.5 wt% MPC polymer was

about 18% of that without the MPC polymer. These results indicate that protein adsorption on CaP can



be suppressed by an MPC polymer coating and that CaP/chitosan microparticles covered with MPC

polymer can be easily prepared by the electrospray technique.

3.3. Encapsulation of substances in CaP/chitosan/MPC microparticles

One of the advantages of microcapsule preparation using an electrospray technique is to readily
encapsulate various substances within microparticles, with high encapsulation efficiency.
CaP/chitosan/MPC microparticles can be expected to encapsulate substances efficiently because CaP
has a mesoporous structure that provides enough room to accommodate a large amount of substances
[13]. Here, we investigated the encapsulation of FITC-dextran and FITC-BSA within
CaP/chitosan/MPC microparticles. CLSM observation revealed that these fluorescent substances
(green fluorescence) were evident over the entire CaP/chitosan/MPC microparticles, indicating that
they were successfully encapsulated within the microparticles (Fig. 4). The encapsulation efficiencies
of FITC-dextran and FITC-BSA were 84% and 99%, respectively. The encapsulation efficiency of
FITC-BSA was higher than that of FITC-dextran, probably because of a strong interaction between
FITC-BSA and CaP. These results show that the electrospray technique can encapsulate substances
within the CaP/chitosan/MPC microparticles, with high encapsulation efficiency.

We investigated the release of encapsulated substances from the CaP/chitosan/MPC and
CaP/chitosan microparticles under different pH conditions. Fig. 5 shows the release profiles of dextran
and BSA. The release of dextran was slower than that of BSA at both pH 5.5 and pH 7.4. Because of
the large molecular size of dextran, it could be difficult to permeate through the microparticle surface.
The release of dextran was accelerated under an acidic condition (at pH 5.5) due to the partial
dissolution of calcium phosphate. On the other hand, the release of BSA was much more accelerated
under an acidic condition than that of dextran, because calcium phosphate has a relatively strong
interaction with BSA under neutral condition (at pH 7.4). The release of encapsulated substances from

the microparticles coated with MPC polymer was slower than the uncoated microparticles at pH 7.4.



These results indicate that the MPC polymer shell worked as a barrier for the encapsulated substances,
which is consistent with the suppression of the foulants adsorption onto the CaP/chitosan/MPC

microparticles discussed above.

3.4. Immobilization of avidin on the surface of CaP/chitosan/biotin-conjugated MPC microparticles
The present study reports the biocompatible microparticles with low-fouling surfaces. The
functionalization of the surfaces of microparticles is of large importance in biomaterial. We
investigated the immobilization of a target protein on the CaP/chitosan/MPC microparticles (Fig. 6a).
The CaP/chitosan/MPC microparticles was prepared using biotin-conjugated MPC polymer and the
selective binding of fluorescently-labeled avidin was observed using CLSM. Fig. 6b-¢ shows the
adsorption of each protein to the microparticles with and without biotin-conjugated MPC polymer.
While the microparticles without biotin-conjugated MPC polymer did not adsorb avidin (Fig. 6b), the
CaP/chitosan/biotin-conjugated MPC microparticles obviously adsorbed avidin on their surfaces (Fig.
6¢). Other kinds of proteins (BSA and IgG) were not adsorbed on the CaP/chitosan/biotin-conjugated
MPC microparticles due to the low-fouling property of MPC polymer (Fig. 6d and e). These images
also show that any protein tested did not penetrate in the microparticles, suggesting that the
CaP/chitosan microparticles were fully covered by MPC polymer. These results mean the selective
immobilization of a target protein on the microparticle surfaces and demonstrate that
CaP/chitosan/MPC microparticles can be functionalized with biomolecules using MPC polymer as a

chemically designable platform, while keeping the low-fouling property of their surfaces.

4. Conclusions
We prepared microparticles composed of CaP and chitosan covered with MPC polymer in a single
step by coaxial electrospraying. The microparticles were around 400 um in an average diameter, and

effectively suppressed protein adsorption by their surface coverage with MPC polymer. This technique
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successfully encapsulated substances (dextran and BSA) with high encapsulation efficiencies and their
release from the microparticles could be delayed by the coverage of MPC polymer. Finally, the highly
selective immobilization of a target protein (avidin) on the microparticles was realized using biotin-
conjugated MPC polymer. The findings in the present study propose that the coaxial electrospray
technique can provide great potential for the production of functional microparticles with the

controlled surface properties and release property.

Acknowledgements

This work was supported financially by the Special Coordination Funds for Promoting Science
and Technology, Creation of Innovation Centers for Advanced Interdisciplinary Research Areas
(Innovative Bioproduction Kobe), MEXT, Japan, by JSPS KAKENHI Grant Number 16H04577 and
also by the Japan Science and Technology Agency (JST) and Japan International Cooperation
Agency (JICA), Science and Technology Research Partnership for Sustainable Development

(SATREPS). The authors thank Prof. H. Minami for technical assistance.

References

[1] M. Vallet-Regi, J.M. Gonzalez-Calbetb, Calcium phosphates as substitution of bone tissues,

Prog. Solid State Chem. 32 (2004) 1-31.

[2] L. Xia, K. Lin, X. Jiang, Y. Xu, M. Zhang, J. Chang, Z. Zhang, Enhanced osteogenesis through
nano-structured surface design of macroporous hydroxyapatite bioceramic scaffolds via activation of
ERK and p38 MAPK signaling pathways, J. Mater. Chem. B 1 (2013) 5403-5416.

[3] M. Bohner, S. Tadier, Nv. Garderen, Ad. Gasparo, N. Dobelin, G. Baroud, Synthesis of spherical
calcium phosphate particles for dental and orthopedic applications, Biomatter. 3 (2013) e25103.

[4] S. Dorozhkin, Nanodimensional and nanocrystalline apatites and other calcium orthophosphates

in biomedical engineering, biology and medicine, Materials 2 (2009) 1975-2045.

11



[5] A. Tabakovic, M. Kester, J.H. Adair, Calcium phosphate-based composite nanoparticles in
bioimaging and therapeutic delivery applications, Wiley Interdiscip. Rev. Nanomedicine
Nanobiotechnol. 4 (2012) 96-112.

[6] L.B. Gower, Biomimetic model systems for investigating the amorphous precursor pathway and
its role in biomineralization, Chem. Rev. 108 (2008) 4551-4627.

[7] F-Z. Cui, Y. Li, J. Ge, Self-assembly of mineralized collagen composites, Mater. Sci. Eng. R Rep.
57 (2007) 1-27.

[8] P.W. Brown, M. Fulmer, Kinetics of Hydroxyapatite Formation at Low-Temperature, J. Am.
Ceram. Soc. 74 (1991) 934-940.

[9] B. Nasiri-Tabrizi, P. Honarmandi, R. Ebrahimi-Kahrizsangi, P. Honarmandi, Synthesis of
nanosize single-crystal hydroxyapatite via mechanochemical method, Mater. Lett. 63 (2009) 543—
546.

[10] G.S.Han, S. Lee, D.W. Kim, D.H. Kim, J.H. Noh, J.H. Park, S. Roy, T.K. Ahn, H.S. Jung, A
simple method to control morphology of hydroxyapatite nano- and microcrystals by altering phase
transition route, Cryst. Growth Des. 13 (2013) 3414-3418.

[11] C. Lai, S. Tang, Y. Wang, K. Wei, Formation of calcium phosphate nanoparticles in reverse
microemulsions, Mater. Lett. 59 (2005) 210-214.

[12] A.A. Chaudhry, S. Haque, S. Kellici, P. Boldrin, I. Rehman, F.A. Khalid, J.A. Darr, Instant nano-
hydroxyapatite: a continuous and rapid hydrothermal synthesis, Chem. Commun. 21 (2006) 2286—
2288.

[13] A. Yunoki, E. Tsuchiya, Y. Fukui, A. Fujii, T. Maruyama, Preparation of inorganic/organic
polymer hybrid microcapsules with high encapsulation efficiency by an electrospray technique, ACS
Appl. Mater. Interfaces 6 (2014) 11973-11979.

[14] V. Hlady, H. Furedi-Milhofer, Adsorption of human serum albumin on precipitated

hydroxyapatite, J. Coll. Interf. Sci. 69 (1979) 460-468.

12



[15] T. Diana, H. Wassell, R.C. Hall, G. Embery, Adsorption of bovine serum albumin onto
hydroxyapatite, Biomaterials 16 (1995) 697-702.

[16] E.C. Moreno, M. Kresak, J.J. Kane, D.I. Hay, Adsorption of proteins, peptides, and organic
acids from binary mixtures onto hydroxyapatite, Langmuir 3 (1987) 511-519.

[17] Q. Liua, Y. Zhanga, J.S. Laskowski, The adsorption of polysaccharides onto mineral surfaces: an
acid/base interaction, International Journal of Mineral Processing 60 (2000) 229-245.

[18] D.N. Misra, Adsorption of low molecular weight poly(acrylic acid) on hydroxyapatite: role of
molecular association and apatite dissolution, Langmuir 7 (1991) 2422-2424.

[19] K. Ishihara, N.P. Ziats, B.P. Tierney, N. Nakabayashi, J.M. Anderson, Protein adsorption from
human plasma is reduced on phospholipid polymers, J. Biomed. Mater. Res. 25 (1991) 1397-1407.
[20] Wilchek, M., and Bayer, E. A., The avidin-biotin complex in bioanalytical applications, Anal.
Biochem. 171 (1988) 1-32.

[21] T. Maruyama, Y. Fukui, E. Tsuchiya, A. Fujii, One-step preparation of giant lipid vesicles with
high encapsulation efficiency using an electrospray technique, RSC Adv. 2 (2012) 11672—-11674.
[22] Y. Fukui, T. Maruyama, Y. Iwamatsu, A. Fujii, T. Tanaka, Y. Ohmukai, H. Matsuyama,
Preparation of monodispersed polyelectrolyte microcapsules with high encapsulation efficiency by

an electrospray technique, Colloids Surf A 370 (2010) 28-34.

13



Figures

CaCl, and chitosan
aqueous solution

(=

J -
lA MPC polymer ethanol solution

Na,HPO, solution B Aot S i el i

Fig. 1 Schematic of the method of preparation of CaP/chitosan/MPC microparticles.
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Fig. 2 Characteristics of CaP/chitosan/MPC microparticles. (a) Bright-field microscope image and
(b) CLSM image of CaP/chitosan/MPC microparticles. The scale bars represent 100 um. (c¢) Size

distribution of CaP/chitosan/MPC microparticles. (d) XRD spectrum of CaP/chitosan/MPC

microparticles.

15



300

(<fE) 250
m/\
T N

) L
g_T_J 200
81:
3 8 150 |
S o
o§ 100
5 2
@)
£ 50 r
<

O ] 1 ! 1 1

0 01 02 03 04 05 0.6
Concentration of MPC polymer (wt%)
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Fig. 4 CLSM images of CaP/chitosan/MPC microparticles containing FITC-dextran (a) and FITC-

BSA (b). The scale bars represent 100 pm.
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CaP/chitosan and CaP/chitosan/MPC microparticles under different pH conditions (pH 5.5 and 7.4).
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Fig. 6 (a) Schematic of selective immobilization of avidin on CaP/chitosan/biotin-conjugated MPC
microparticles. (b-e) Merged images of CLSM and differential interference images of the
microparticles with fluorescently-labeled proteins. CaP/chitosan/MPC microparticles mixed with
TRITC-avidin (b) and CaP/chitosan/biotin-modified MPC microparticles mixed with TRITC-avidin
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