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Akabori Memorial Award 2016
Discovery, Design and Synthesis of
Peptide Bioactives

It is indeed an honor and a
privilege to receive the 2016
Akabori Memorial Award.
Professor Akabori has been a
source of inspiration to me and
many others as a scientist, a
teacher and pioneer in peptide
sciences.

I began my peptide research
under Professor Daniel Rich at the University of
Wisconsin. It was my good fortune that I participated,
early in my research career, in peptide conferences
held in Wisconsin, and then New York City during the
early 1970s and listened to passionate discussion on
synthetic methodologies and peptide design. These two
topics have a profound influence in my research for the
next four decades.

In 1976, I joined the laboratory of Professor Bruce
Merrifield with the goal of reducing side reactions in
peptide synthesis by stepwise solid-phase synthesis.
This goal became timely because the merit of solid-
phase peptide synthesis was accepted widely after 1984
when Bruce Merrifield was the sole recipient of the
Nobel Prize in chemistry. It was also about the same
time that my research focus changed to chemoselective
ligation chemistry after setting up my laboratory in
1981.

Chemoselective ligation was necessary to produce
chemically defined synthetic vaccines and peptide
dendrimers, two areas of interest in designing
peptide bioactives in my laboratory at the Rockefeller
University. It was also clear that peptide ligation
could be highly attractive to prepare proteins using
unprotected peptide fragments in water and without a
coupling reagent. However, chemoselective ligation
via an amide bond was not known in the 1980s, but I
was inspired by the pioneer work based on template-
assisted and proximity-driven ligation by Professor
Daniel Kemp of MIT. It was not until the early 1990s
that my laboratory was able to solve the amide ligation
problem using an unprotected peptide segment with
an N-terminal-specific amino acid such as a Cys, Ser or
Thr. These three N-terminal, bifunctional amino acids
become unique in a peptide chain because they contain
two proximally-linked nucleophiles to produce an O/
S,N-acyl shift when linked to another peptide segment
by an ester or thioester to form an amide through a
proximity-driven rearrangement.

We reported our chemoselective ligation findings
first in the 1993 American Peptide Symposium?, but
it took a year to get this work published in a refereed
journal®>. Nevertheless, the basis of O/S,N-acyl shift
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becomes the operating principle in nearly all ligation
reactions subsequently developed by many other
groups. Also in the early 1990s, the mechanism of
intein splicing was revealed. It was gratifying to
learn that intein splicing in which an endopeptidase
embedded in a protein also uses Cys/Ser/Thr as a
splicing site and O/S,N-acyl shift as a mechanism to
join two segments. I stopped my ligation research in
2000 as my administration burden became too heavy in
Singapore where I was charged to set up a new school
and a research life science research center.

In the beginning 2010, I took up ligation research
again but adopted a new approach using the C-terminal-
specific-amino-acid segments which can be mediated
by a ligase. Stand-alone ligases are exceptionally rare
and currently, only a few were discovered. In 2014,
we discovered a highly efficient Asx-specific ligase
named butelase 1 which can act as a ligase, cyclase and
transamidase®. Butelase 1 has a broad specificity for
N-terminal amino acids and accepts nearly all L-amino
acid and most D-amino acids.

I used the term peptide bioactives, with the intention
to distinguish it from the naturally occurring bioactive
peptides. As such, peptide bioactives could contain
components of peptides and other biopolymers or
chemicals. An example is peptide dendrimer which we
introduced to construct chemically defined vaccines
and is commonly known as MAP (multiple antigen
peptide)?. They are branched peptides which can
contain lipids, carbohydrates or other chemicals. For
synthetic vaccines, this design approach would include
a protein deconstructed, a process which involves
breaking a protein to parts of interest. They are then
modified and reassembled to a simpler form as a
dendrimer with or without lipids to achieve a desired
biological goal. With this design approach, we were
able to develop chemically defined vaccines against
malaria and HIV as well as quaternary protein mimetics
of HIV entry inhibitors and antiproliferatives at the
Vanderbilt University.

Through millions of years of evolution, nature has
shown to be the best designer of bioactive peptides.
An ongoing research program in my laboratory is to
tap into the molecular diversity of nature to discover
orally active peptides from medicinal plants. We have
focused on hyper-stable peptides with MW of 2-5 kDa
and which are stapled with three or more disulfide
bonds. Thus far, we had isolated >600 such cystine-
rich peptides from many medicinal plants. Some novel
structures and interesting pharmacological properties
are beginning to emerge. Our work in ligation research
has shown that nature is also the best chemist through
million years of evolution. In the coming years, we
will continue to discover and engineer novel ligases
to provide a new set of tools to construct peptides,
proteins and biologics and unprecedented precision
and efficiency. Together with the molecular diversity



of scaffolds provided by natural products, we can look
forward to an exciting future in the research of peptide
bioactives from bioactive peptides provided by nature.
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Development of blood-brain barrier
penetrating peptides

I recently had the opportunity
to attend the 537 Japanese
Peptide Symposium that was
held in the beautiful city of
Kyoto. I was chosen to present
some of my work on the
development of blood-brain
barrier crossing peptides for
the brain delivery of antisesne Fazel Shabanpoor
oligonuclotides. Although the symposium was a local
meeting, there were many international attendees
and speakers. Overall, it was a very successful and
scientifically productive forum where I had a chance to
network and meet other scientists in the field of peptide
drug development and delivery. I enjoyed the meeting
and particularly the high calibre of peptide science
presented that ranged from different aspects of peptide
synthesis to their biological and clinical applications. It
was also a pleasure to see Prof. James Tam receive the
prestigious Akabori Memorial Award and to hearing
about his long time scientific contributions to the field
of peptide chemistry.

I received my doctoral research training in the
laboratory of Prof. John Wade who is one of the
international leaders in the field of peptide chemistry.
The main focus of my study was to develop therapeutic
analogues of relaxin/insulin like peptides. During
this time, I gained a wealth of theoretical and
practical knowledge of peptide design, chemical
synthesis and characterization. The highlight of my
PhD studies was the development of a novel peptide
labeling methodology for study of ligand-receptor
interaction. This fluorescent receptor binding assay
has become the major assay for the study of interaction
of relaxin/insulin like peptides with their receptors!.
The members of relaxin/insulin like peptide family
have all two chains and three disulfide bonds which
are required for their correct folding and function.
However, I developled the first ever analogue of
relaxin-3 with just two disulfide bonds and showed it to
have similar activity as the native relaxin-3.

Following completion of my doctoral studies, I
chose to extend my knowledge of drug discovery to
another exciting area that of oligonucleotides and to
complement my knowledge and expertise of peptide
drug discovery. I was awarded a highly competitive
NHMRC CJ Martin Fellowship in 2011 which allowed
me to undertake my post-doctoral training in the UK at
the world-class MRC-Laboratory of Molecular Biology
in Cambridge and the laboratory of Prof. Mathew
Wood from the Department of Physiology, Anatomy
and Genetics at the University of Oxford. During my
time in UK, I develop my interest in synthetic antisense
oligonuclotides and their outstanding potential as

therapeutic agents. The main focus of my studies
was to develop antisense oligonuclotides as RNA-
based therapy for the treatment neurodegenerative
disaeses. Despite the enormous therapeutic potential
of antisense drugs, their delivery remains a major
roadblock for clinical applications. Therefore, one
objective of my study was to develop a peptide-based
drug delivery system for systemic delivery of antisense
oligonuclotides across the blood-brain barrier (BBB)
into the brain.

Amongst several brain drug delivery approaches
developed to date, peptides have shown great promise.
While these have been extensively studied for their
therapeutic potential alone, their use as delivery
vectors is relatively untapped. There are many
reported studies that have shown peptides to cross
the BBB. However, the majority of these studies have
focused on getting the peptides alone into the brain.
To date, there are few reported peptides which have
shown to cross the BBB and carry a bio-cargo. In
our work of delivering antisense oligonuclotides into
the brain, we studied two routes of uptake into the
brain namely, receptor-mediated and absoportive-
mediated transcytosis. We conjugated the peptides
to phosphorodimaidate morpholino oligonuclotide
targeting RNA of survival motor neuron for treatment
of spinal muscular atrophy. In this study? we showed
for the first the time that a peptide is capabale of
delivering its conjugated cargo into the brain and spinal
cord. This resulted in the correction of the aberrantly
spliced RNA and restoration of functional survival
motor neuron protein. This led to a signifcant extension
of survival of mouse model of spinal muscular atrophy
from around 14 to over 280 days. I have also developed
a novel conjugation methodology based on alkyne-
azide click chemistry for labelling the peptide-antisense
oligonuclotides conjugates with a fluorescent label.
This has allowed us to study the intraceullar localization
of peptide-antisense oligonuclotides as well as their in
vivo biodistribution®.

After 2 years in UK, in 2014, I returned to Florey
Institute of Neuroscience and Mental Health where I
have set up my own independent labortaory focusing
on peptide and oligonuclotides drug design, discovery
and delivery by bring the practical knowledge of both
fields together. It is vital that the development of new
drugs for brain-related disorders should go hand in
hand with the development of an appropriate carrier
system. Therefore, in my laboratory, we are focusing
on developing different chemistries of antisense
oligonuclotides and in parallel developing the peptides
as the delivery vector.

Attendance of the 53 Japanese Peptide Symposium
was an invalubale and professionally rewarding
experience. I would like to ackoweldege the organisers
of Japanese Peptide Syposium for putting together
an excellent scientific program. As an early career
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sceinetist, I was very pleased to see that the majority of
speakers at the symposium were young investigators. I
also enjoyed attending the poster session. There were
many interesting posters and I had the chance to talk to
some of the authors. The intellectual stimulation from
symposium was complemented by a visit to the cultural
sites in the beautiful and historical city of Kyoto.
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