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Abstract of Thesis
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Abstract of Thesis

Glycosylation of proteins is the major post translational modifications (PTMs) that ocecurs in
eukaryotes. An efficient way to study their structural and functional properties is by synthesis of
homogeneous glycoproteins by total chemical synthesis or by semisynthesis. Total chemical synthesis
allows desired modifications of proteins at the atomic—level, while it has several drawbacks such as
size limitation of polypeptide, low yield, expensive starting material and time consuming. Semisynthesis
involves recombinant expression and chemical synthesis that reduces the number of chemical conversion
steps and increases yield in less time.

In order to perform chemical synthesis, Native Chemical Ligation(NCL) is a critical method to
couple glycopeptide and peptide together. NCL requires cysteine at the suitable position in their peptide
backbone, but scme glycoprotein targets don’ t meet this requirement, thus limiting the use of NCL
reaction. Recently, this limitation is overcome by using selenocysteine (Sec) or unnatural mercapto
amino acids instead of Cys to perform NCL followed by subsequent deselenization/desulfurization.

However, these modifications cannot be applied to the expressed protein from E. coli, because
specific modification at the A-terminal is difficult. Chemical modification of recombinant peptide can
be performed only after its partial protection. The tert-butyloxycarbonyl {(Boc) group is commonly used
for partial protection which makes protected peptide hydrophobic. This causes solubility problems that
influence the reactivity in many reasctions that are to be performed in aqueous buffer conditions and
also hinders efficient purification by reverse phase HPLC.

Therefore, I envisaged to establish a general semisynthetic strategy for the synthesis of
glycoproteins by chemically modifying M-terminal of partially protected recombinant peptide using Sec
to perform NCL. The major solubility problem of partially protected peptides using Boc group, is solved
by replacing it with a hydrophilic carbohydrate-derived protecting group. The glucose— and galactose-
derived protecting groups were used only for o~amino group protection. I wanted to extend this for
efficient introduction of protecting groups to lysine side chain of recombinant peptide. Therefore,
glucose~, galactose- and lactose— derived protecting groups were activated with imidazole and protection
was optimized.

For establishing the strategy, a small model peptide 10 was obtained by E coli expression as a
fusion peptide 89 to SUMO fusion tag, which was cleaved by specific SUMO protease. The resultant desired
short peptide 10 was partially protected with glucose— and lactose—derived protecting group. The
increase in hydrophilicity of partially protected peptides was proved by comparing the retention time
(ty) of peptides in reverse phase IIPLC using routine acidic solvent system and neutral solvent system.
Later, glucose~protected peptide 12 was used to perform an efficient enzymatic cleavage under aqueous

condition using TEV protease to obtain partially protected peptide with free N-terminal 15. This peptide




could then be specifically modified at the N-terminal with Sec to obtain 19. Using Sec is advantageous
because Sec reacts more Faster in NCL than Cys and moreover —Sel (selenol) can be selectively removed
in the presence of -SH (thiol) groups. In the final step, all the protecting groups were removed to give

unprotected N-terminal selenocysteine modified recombinant peptide 20 which can be readily used for NCL.
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Figure: Conditions and reagents used {(a)
protease {150 units) for 400 ug of peptide 9 in 50mM
Tris-HCI, pH 8.0, 30°C (b) 70 % DMF, 4 (35 eq.), NHS, DIEA, ¢) Deprotection
40°C, 5 h. After 5 h, 15 % NH,NH,. 1,0 was added to the same
and stirred for 40 min, rt. (c) TEV protease/peptide 4sa HAN NH, HAN NH,

(1:80) in 25mM Tris buffer, pH 8, 37°C (d) Boc-Sec (PMB)- ”é”J\"*GKTKEGVLYGSKTKEG"COOH
0Su (5 eq.) in 70 % DMF, DIEA (¢) Thioanisole/m- %
cresol/ TFA/TTOH (2:1:20:2), 0°C, 2 h.

Thus, an efficient semisynthetic strategy was developed for the specific modification of N-terminal
of recombinant peptide. By replacing the hydrophobic Boc—protecting group with a hydrophilic
carbohydrate-derived urethane protecting group, I solved the critical solubility problem associated with
current method of partial protection of recombinant peptide. This improvement allows access to various
modifications of recombinant short peptides that was previously difficult. I could successfully install
Sec which is an efficient functional group for NCL, the most critical peptide-peptide ligation strategy.
This will advance the field of semisynthesis of various post~translationally modified proteins such as

glycoproteins, phosphorylated proteins, and other desired modifications for structural and functional

studies.
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