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Development of novel systems promoting intracellular protein delivery
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Introduction

The delivery of proteins or peptides to intracellular targets is believed a powerful method
for cellular manipulation. The plasma membrane, however, formed a barrier which makes
the intracellular delivery of these large and hydrophilic molecules a difficult task. The
employment of certain short cationic peptides, named cell-penetrating peptides (CPPs), has
been proven advantages of efficient and non-toxic promotion of protein internalization. CPPs
comprise peptides containing several arginine (Arg) and lysine (Lys) residues, such as HIV-1
Tat (48-60), penetratin and oligoarginine peptides (Rn, n=7-12). Many articles have reported
that the basic residues are important for the mechanisms of the translocation ability of CPPs.
The delivery strategies being employed include covalent conjugation or non-covalent
association (complexation) of CPPs with the cargoes to be delivered intracellularly. There
are still arguments regarding the mechanisms of the CPP-mediated delivery of proteins. Yet,
it is believed that the first step in the delivery process is a CPP-dependent recruitment of
cargoes onto the cellular membranes via electrostatic interaction. Then, the cargoes are
internalized into cells via the endocytosis pathway. Though CPPs have been extensively
utilized for the protein/peptide delivery in vivo and in vitro, there are still several important
issues remaining to be clarified. This study is focused on two topics: the first, a better
method for preparation of CPP-conjugated proteins utilizing expressed protein ligation
(EPL); and the second, design of novel endosomolytic peptides for efficient protein delivery.

1. Expressed protein ligation for the preparation of fusion proteins with cell
penetrating peptides

EPL is a useful method for the native chemical ligation of proteins with other proteins or
peptides. This study assessed the practicability of EPL in the preparation of fusion proteins
of enhanced green fluorescent protein (EGFP) with chemically synthesized CPPs for
intracellular delivery. Using intein-mediated purification with an affinity chitin-binding tag
(IMPACT) system, the thioester of EGFP (EGFP-SR) was prepared. Optimization of the
ligation of EGFP-SR with arginine 12-mer (R12) produced the fusion protein in high yield.
One of the advantages of EPL procedure is allowing the fusion of proteins to non-gene-
coded CPP. Fusion proteins of EGFP with R12 and the D-isomer of R12 prepared by EPL
showed similar levels of cellular uptake compared to the fusion protein directly expressed in
Escherichia coli. Another advantage of EPL procedure is allowing the preparation of EGFP-
R12 containing a low level of endotoxin (ET), via the satisfactory ET removal of EGFP-SR




prior to ligation with the R12 peptide.
2. Design of novel pH-dependent endosomolytic peptides for efficient intracellular
protein delivery

There is growing evidence that endosomal escape is a critical step to obtain the biological
effects of the proteins intracellularly delivered by CPPs. Inefficient endosomal escape leads
to the entrapment of the internalized proteins in the endocytic vesicles. The usage of pH-
dependent endomolytic peptide has been reported to be advantageous for cytosolic delivery
of bioactive proteins. My work has focused on designing new, more efficient endosomolytic
peptides based on hemolytic peptide. Hemolytic peptides are the membrane-active peptides
which can induce hemolytic effect of blood cells. These peptides also induce cytotoxicity to
mammalian cells by fusion with plasma membrane and interfere with its integrity. The
membrane fusion ability of the hemolytic peptides makes them appropriate leads for the
design of endosomolytic peptides. In the present study, 6-hemolysin produced by
Staphylococcus and chrysophsin-1 from red sea bream were selected, since they have highly
hemolytic ability, both with a HCsq at 1 uM. Several mutations to Lys or glutamic acid (Glu)
were introduced into the parent peptides, named as mHemo and mChry, respectively. The
results of cellular treatment showed that the cytotoxicity of the mutated peptides is highly
reduced compared with their parent peptides. The internalization assay showed the diffuse
distribution of the FITC-labeled mHemo and mChry in the cells, indicating their endosomal
escape. These results suggest that mHemo and mChry may function as endosomolytic
peptides.
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