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Abatract

Abstract

Recently, the bioapplications of nanomaterials have attached more and more
attention. Especilly in disease diagnosis, disease therapy and bioseparation,
nanomaterials exhibit unique superiority and high development potential. Aiming at
nanomaterials in the application of the area of anticancer therapy and purification of
proteins, this thesis sheds light on developing coupling chemical methods to optimize
the properties of multifunctional nanomaterials. The main research include two
works: (1) Design and synthesis of Pd nanosheets/mesoporous silica composites used
for chemophotothermal treatment of cancer cells, (2) Design and synthesis of polymer
coated superparamagnetic nanoparticles used for purification of proteins. The detailed
research work and major results are divided into six parts as follows:

Chapter 1. From the point of view of the construction of nanocomposites, we
brief review and summarize the research progress on the synthesis of multifunctional
nanocomposites for cancer therapy and bioseparation. Also demonstrated that the
main content and significance of the dissertation.

Chapter 2. Mesoporous silica-coated Pd@Ag nanoparticles are obtained by
using layer-by-layer deposition method, and then we also study the drug-release
kinetics from the drug carries and the cell-killing efficacy by the DOX-loaded
nanoparticles in vitro. Our experiments revealed that the Pd-Ag@MSNSs nanocarries
with uniform particle size. large surface arear. big pore diameter(~10 nm). high
drug-loading capacity(49%), which properties are difficult to obtain by other common
method for synthesizing of mesoporous silica. Especially, the DOX-loaded core-shell
nanoparticles exhibited highter cytotoxicity than free DOX at the same experimental
condition. More importantly, DOX molecules are loaded in the mesopores shell
through coordination bonds that are reponsive to pH and heat. The release of DOX
from our core-shell delivery vehicles into cancer cells can be therefore triggered by

the pH drop and also NIR irradiation. It was found out that the combining
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chemotherapy and photothermal therapy to the cancer cells demonstrated a synergistic
effect, resulting in higher therapeutic efficincy.

Chapter 3. Based on the achievements and shortages of chapter 3, Pd nanosheets
coated hollow mesoporous silica nanocarries (hm-SiO,-NH,@Pd) were successfully
designed and prepared. Compared to Pd-Ag@MSNs nanocarries, each
hm-SiO,-NH,@Pd particles’ surface absorbed lots of Pd nanosheets which could
efficiently convert NIR light into heat, resulting in improving the photothermal
therapeutic dfficiency. We found out that the cell-killing efficacy by DOX-loaded
hm-SiO,-NH,@Pd nanoparticles under NIR irriadiation was even higher than the sum
of chemotheraphy by DOX-loaded hm-SiO,-NH,@Pd nanoparticles and photothermal
therapy by unloaded hm-SiO,-NH,@Pd nanoparticles, indicating that the synergistic
effect appeared in our drug delivery system. Interestingly, we also found that more Pd
nanosheets were taken up by the cancer cells when the Pd nanosheets were coated on
the surface of hollow mesoporous nanoparticles. This is a good method of improving
nanoparticles internalized into cancer cells, and gives some advice for related research
areas.

Chapter 4. In this chater, we have successfully synthesised a novel
Mng seF€5 440,@mSiO,/Pd nanocarriers for cancer diagnosia and treatment. This
platform could simultaneously use for MR imaging and the combining chemotherapy
and photothermal therapy to the cancer cells. The multifunctional nanocarriers
possessing various functions including magnetic tumor-targeting, magnetic resonance
imaging and chemo-thermal therapy have potential use in biomedicine.

Chapter 5 . Magnetic core-shell Fes0,@SiO,@poly(styrene-alt-maleic
anhydride) spheres enriched with Ni-NTA on their surface have been prepared by
precipitation polymerization. The spheres have a core composed of
superparamagnetic polycrystalline magnetite, endowing the spheres with excellent
magnetic responsivity and dispersity. The shell composition of poly(styrene-alt-maleic
anhydride) allows the incorporation of more Ni-NTA affinity sites onto the surface of
the magnetic spheres. Our experiments revealed that the two types of magnentic
particles could exhibite excellent performance in the direct separation of His-tagged

v
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protein from cells lysates. In addition owing to the multivalency effect, the separation
capacity of His-tagged proteins by the as-prepared Fes;0,@SiO,@polymer/Ni-NTA
composites was four times as that by FesO,@SiO,/Ni-NTA, making them particularly
promising for the magnetic separation of low-concentration His-tagged proteins.
Chapter 6. we made some conculusins and gave a prospect on the topics

discussed in this dissertation

Keywords: Pd nanosheets; NIR light; Synergistic effect; Magnetic separation;

His-tagged proteins.
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