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WwoX B B Synthesis and Functional Evaluation of Zwitterionic Polymers Containing T
ertiary Sulfonium Groups

This study demonstrates the controlled synthesis and biological potential of
poly(N-acryloyl-L-methionine methyl sulfonium salt)s (poly(A-Met(S*)-OH)s), which mimic
dimethylsulfoniopropionate (DMSP), a compound produced by marine algae to protect their
proteins. The novel sulfonium-containing zwitterionic polymers were synthesized by
reversible  addition-fragmentation chain  transfer (RAFT) polymerization of
N-acryloyl-L-methionine (A-Met-OH) followed by a post-modification process in which the
sulfide groups were reacted with iodomethane. The DMSP-mimic zwitterionic
macromolecules were shown for the first time to exhibit low cytotoxicity and the ability to
stabilize proteins. By adding the resulting poly(A-Met(S*)-OH)s to horse radish peroxidase
(HRP) solution, the activity of HRP was maintained even after storage at 4 °C for several
days. In addition, the protein stabilization effect was shown after freeze-thaw cycles.
Amphiphilic random copolymers, poly(A-Met(SH)-OH-coBA)s, also exhibited excellent
properties for protein stabilization.

Next, Amphiphilic zwitterionic block copolymers consisting of A-Met(S*)-OH and BA were
newly synthesized to enhance the relationship between polymer architecture and protein
stabilizing effect. The zwitterionic block copolymers stabilized HRP during storage at 37 °C
for 5 days, and the protein stabilizing effect was enhanced with increase in the A-Met(S*)-OH
content. In particular, the block copolymer with ~85 % A-Met(S*)-OH content showed
significant protein stabilizing effect at a temperature (37 °C) higher than a room
temperature, which is highly desirable for practical and industrial applications. The addition
of sucrose into the zwitterionic block copolymer-protein solution led to a considerable
increase in the HRP activity under the same conditions. The effect of the comonomer
sequence (block or random) on protein stability was also investigated. The zwitterionic block
copolymers, poly(A-Met(S*)-OH)-bpoly(BA)s, with the optimal hydrophilic/hydrophobic
(zwitterionic A-Met(S*)-OH/non-ionic BA) balance were found to serve as efficient protein
stabilizing agents, in comparison with the corresponding homopolymer and random
copolymers, poly(A-Met(S+)-OH) and poly(A-Met(S*)-OH-co-BA)s. DLS, Zeta potential, TEM
and CD spectra measurement revealed that the zwitterionic block copolymer stabilizes enzyme
by wrapping with a slight change in the size, whereas the secondary and ordered structures
of the enzyme are maintained.
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Finally, RAFT polymerization of hydrophilic monomer, A-Met(S*)-OH) was performed in
water in the presence of water-soluble CTA. Several parameters, such as the temperature,
the nature of salt used as an additive, the polymerization solvent (water or buffer solution)
were studied. Polymerization of A-Met(S*)-OH in acetate buffer using a water-soluble
trithiocarbonate-type CTA proceeded in a controlled fashion at 45 °C, as confirmed by the
relatively narrow polydispersity of the product and a molecular weight that could be
controlled by the monomer-to-CTA molar ratio.
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