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Abstract

Abstract

The synthesis and application in medical treatment of the brush-polymer are the
hotspot in the research of nano biological molecules. At the same time, PEGylated
brush-polymers have more excellent biological performance as well as advantages,
and can be applied to functional modification of peptide/protein drugs, drug
controlled delivery system and biological sensing, etc. But these materials in the
applications are faced with the weak interaction with phospholipids membrane and
the low efficiency into the cells. Therefore, we need to modulate the surface
properties of the materials including charge and hydrophobicity in order to promote
the interaction of them with phospholipid membranes, meanwhile study the
interaction mechanism. In this work, a series of PEGylated brush-polymers containing
a varying sequence of peptides were obtained. This PEGylated peptide-polymer
conjugate can confer diverse charge and hydrophobicity. Based on this system, how
the charge and hydrophobicity effect on the interaction of the molecule with
phospholipid membranes was studies.

The paper can be divided into four chapters, including the following main
contents:

The first chapter: This chapter introduces the characteristics of the brush-poly-
mers and the application in the field of biological materials. Furthermore, the
application of functionalized modifications based on PEG is introduced. We focus on
the research progress of promoting the interaction of the biomolecular material with
phospholipid membranes, and the methodology and mechanism that how to
improving the efficiency into the cells.And on this basis, we proposed the research
ideas, the main contents and its meaning of our work.

The second chapter: The PEGylated brush-polymer, Poly[(AEMA)-co-
(OEGMAGs)], was synthesized through ATRP of AEMA and OEGMAs at a certain
tratio. To further facilitate the conjugation with peptides, these polymers were then
reacted with 6-MaleiMidocaproic acid (Maleimide), which leads to introduction of
maleimide groups in polymers. Peptides of interest within which free thiol groups
were introduced can then be conveniently conjugated to the polymers through
thioether formation. As a result, we can modulate the charge and hydrophobicity of
the polymers.

The third chapter: In this chapter, we design and synthesize the different types
of liposomes that closely imitate lipid bilayers. In order to further study the interaction
mechanism of PEGylated peptide-polymer conjugates with liposomes, we explored
the interaction of peptide-polymer conjugate with liposomes encapsulated fluorescein
(CF) in high concentration, and measure the intensity of fluorescence recovery.
Meanwhile, we also measure the morphologic change of liposomes during the
interacton by DLS. At the end, we hope we can obtain the optimizing peptide-polymer
conjugates to transfer biomolecules into cells.



Abstract

The fourth chapter: In this chapter, we further explored the interaction
mechanism of PEGylated peptide-polymer conjugate with phospholipid membranes
and their efficiency of cellular uptake in in vitro cell research. The main cell
experiments are including the confocal fluorescence imaginges, the flow cytometry
imagings, the cell cytotoxicity, the cell experiment of endocytosis inhibitors and the
low temperature of fluorescence imaginges.

Keywords: Brush-polymer; PEGylated; Charge; Hydrophobicity;
The interaction with phospholipid membranes; The efficiency of cellular uptake
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photothermal responsive polymer brushes, triggered by a laser beam.
1.2 RRER S B9 K T8 -

3) RAVELEYEREMEA

AR, Eeanduak. Pl SEEB. EEA DNA AT R A
35 T B e ) R AN o USRS Bt (0 A % B bl T SR A A2 13
S RPER G T80, UL RSB i AR oA BRI N R, R
1.1 ARMRE S IME LIRS T

Akkahat %5 AFIFHZEAHRIR (PAA) BHRIAAE P 3 A PRET R BT AR B 1 4 B
% (SA) Bl i TAMEHA e B 5 SAVER, BRI AbA TR 9% S Mds
ARECHLAEYZXT SA WAL ISR . 5 RN Akkahat 55 A X AP 7725230 1 %)
SA FIHUE IS & A KE R, 76 Akkahat 28 A BE—$HIRF 50, ARATIF]F
55 B TR A TR 5 56 -2- P R TR 04 T A 2 2R Tl e LR Py e SR A8 i A 0 2 A% B AR &
AT DRI 21 g4 B R B I PT A R B E (AVD) 1 HAS 213 A HoAth 1) 85 1 5 1 5%
), Barbey 45 A5 FE DI EBRZE K HIME (PGMA) S URHY L Mt IS} T
ALK SA R TNFol® . Tang %5 A fd FH 48 b= 1T L 20 H AH 35 T T TR 476 B 4y

(PSA) FIER WG (PGMA) PIRH RSV L)L Iy T HERR Rl AVD Al

anti-1gG 1,



illls

Hi

RE&W K Pl IR et (EOEES S

PAA SA biotin Fluorescence microscopy

Surface plasmon resonance

PAA SA/anti-BSA biotin/BSA
(SPR) spectroscopy
P(MA-ran-MPC)  Iilj&+ AVD biotin SPR spectroscopy
PGMA SA/Fab-AF467 biotin/TNFa Quartz crystal microbalance
PSA/PGMA avidin/anti-1gG biotin/ 1I9G Fluorescence imaging

Table 1.1 Polymer brushes that were employed for biosensing applications.
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Figure 1.3 Hydrophilic and hydrophobic interactions of PEG.
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