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Summary of research:

My research is based at medicinal chemistry research unit, Thammasat University (Thailand),
Particularly, I am interested in seeking both bioactive peptides and small molecules potentially
applicable as therapeutic candidates for treating infectious diseases, particularly against superbugs
and malaria. I am personally known as peptide chemist that is my main expertise. To date, we
concentrated on the design and syntheses of a number.of cyclic peptides with a wide range of
biological activities. This further included the development of synthetic approach for the syntheses
of novel peptides. Apart from peptide research, I also interested in the discovery of novel fluorescent
probes for biomarker detection via PET and FRET mechanism, and showed the great application for
biomarker detection in cancer cell lines. Some of our synthesized probes could be used for detection
of heavy metal as well. As living in Thailand, it has been known as the country which is rich of
biodiversity and natural resources. Natural product research is also one of my research interest, and
we discovered a number of novel compounds with great biological activities from Thai medicinal
herbs and applications are on the way. Importantly, results from all of my research disciplines
(peptide, fluorescent sensor and natural product research) were published in high ranking
international journals.
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Problem statement and significance of research:
The resistance of bacteria has now become one of the most important health issues affecting people globally.
Great amount of budgets for medication and research have been allocated to discover the new antibiotics to
the drug market to fight against “Superbug” or multidrug resistance bacteria. Antibiotics have been widely
known as effective medicines which were used for the treatment and prevention of bacterial infection for over
decades. Unfartunately, a number of antibiotics have now been decreased its antibacterial efficacy mainly due
to the bacterial resistance crises. To date, antibacterial resistance has caused patients to overstay in hospital,
to pay higher medicine cost and to increase mortality. The Centers for Disease Control and Prevention in United
State of American (CDC) reported that at least 2 million people infected by anti-biotic resistance bacteria and
at least 23,000 people died each year from this infection {(https:/vnvwr.cde.gov/diugresisiance), There was a
report that American people died from new E.coli species infection called “Superbug” resistant to colistin
{http://www.cidrap.umn.edu/news-perspective/2016/08/us-first-e-coli-resistant-both-colistin-carbapenems),
the fast resort of antibiotic drugs used In human, This clearly indicated that the antiblotic resistance problem
has now become one of the most catastrophic crises for humanity. Therefore, the discovery and development
of new antibiotic drues to fight against a panel of superbugs has been of great importance. To date, peptide-
based pharmaceuticals have attracted of great attention, mainly due to their intrinsic properties, ranging from

02 5o far, there have been only a few peptide-based

great potency, very high specificity and low toxicity.
pharmaceuticals which have finally been approved, and commercialized as approved pharmaceuticals for the

treatment of bacterial infection, The great example is colistin as previously mentioned.




Colistin

Figure 1 The chemical structure of colistin (left), The picture of methicillinresistant Staphylococcus aureus

(right). {httpw//edition.cnn.com/2013/06/28/us/mrsa-fast-facts/index.)

In the past 40 year, there have been only four classes of compounds which have been developed as
effective antibiotic drugs.™ Importantly, a number of drug companies have ceased the development
of novel antibiotic drugs to the market mainly due to the rapid bacterial resistant prablem, and it is
not economically profitable for the research and development Investment, It was found that only a
few new anfi-biotic drugs have been developed, and reached to the market. Notably, the bacterlal
resistance in human can be ascribed from the misconception, the discontinuous uses and excessive
uses of anti-biotic drugs.

Hypothesis

Today, the development of new antibiotic drug is of great iImportance, many of which are generally
required for the surgery operation since a number of antibiotic drugs have been routinely used for
surgery operation to prevent the blood stream infection, possibly causing of the death in patients. In
2016, Alexander Zipperer and his research group discovered the macrocyclic thiazolidine peptide
antibiotics named “Lugdunin® which was successfully isolated from Staphylococcus lugdunensis found
in human nose.” Lugdunin is a cyclic peptide contalning a thiazolidine group, which is comprised of
six amino acids with a head-to-tall cyclization. Lugdunin demonstrated a very effective anti-microblal
activity against methicillin-resistant S, aureus (MIC = 1.9-153 pM). The mechanism of Inhibition is
believed that when bacterial cells were exposed by Lugdunin, which resulted in the cease of
incorporating call-wall precursor, causing the death of bacterla almost simultaneously even at
concentrations below the MIC. Also, lugdunin has led to the rapid breakdown of bacterial energy
resources. However, the development of resistance is not observed in Staphylococcus aureus.
Mortiamide A is a novel class of cyclic peptides with seven amino acid residues isolated from marine
sediment Mortierella sp. in the North Pole, obviously demonstrating a significantly inhibitory effect
against P, falciparum strain 3D7 and Dd2 with [Ce value of 7.85+0,97 uM and 53120.24 pM,



respectively.ls] The hybridization of lugdunin and mortiamide structure will potentially increase their
biological activities,

Objectives

To develop a novel synthetic strategy for the syntheses of Lugdunin-Mortiamide hybrid.

To synthesize Lugdunin-Mortiamide hybrid by replacing a thiazolidine moiety according from the
tugdunin scaffold to various “war head” units, ranging from penicillin, trimethoprim, cephalosperin,
cysteine to methionine

All lugdunin-Mortiamide hybrid will be further examined anti-bacterial ‘activities against a panel of
multidrug resistant bacteria, such as Methicillin-Resistance Staphylococcus Aureus and etc.

Output, Outcome and Impact

Poster/Oral presentation at [nternational Scientific Conference

Publication in high impact factor journal (Paper at least 3 papers with Q1 journal)

Literature Review

Here are some of bicactive peptides potentially used as therapeutic candidates, Honggang Hu™®

reported the
synthesis of Tyrocidine A and slycosylated derlvative of Tyrocidine A, a cyclic peptide Isolated from Bacillus
bacteria. Tyrocidine A is a macrocyclic decapeptide, consisting of tyrosine, valine, ornithine, leucine, D-
phenylanine, L-phenylanine, proline, asparagine and glutamine. The bactericidal activity of Tyrocidine A was
tested against gram-positive bacterium Bacillus subtitis (strain CMCC-B 63501) with MIC value of 31 pg/mL.

Yang-Min Ma!™ reported malformin E, a cyclic peptide isolated from the culture broth of endophytic fungus
FRO2 from the roots of Ficus carica. Malformin E was a cyclic pentapeptide, conslsting of leucine, valine,
isoleucine and cysteine. It showed cytotoxic activities against human cancer cell strains MCF-7 and A549 with
ICsp values of 0.65 and 2.42 uM, respectively and anti-microbial activities against Bacitlus subtilis, Staphylococcus
atreus, Pseudomonas aeruginosa, Escherichia coli, Penicillium chrysogenum, Candida albicans, and Fusarium

solani with MIC values of 0.91, 0.45, 1.82, 0.91, 3.62, 7.24, and 7.24 uM, respectively.
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Flgure 15 The chemical structure of malformin E (left), Chemical structure of Tyrocidine A (right)

According 1o these literature reviews, the cyclic peptide showed a very promising antibacterial activity,

especially sulfur containing peptides, which demanstrated a potent antibacterial activity against a panel of



pathogenic bacteria, Therefore, Lugdunin-Mortlamide hybrid were designed by replacing with a wide range of
war-head pharmacophores, ranging from a thiazolidine ring, penicillin, cephalosporin and cysteine to order to
Increase their antibacterial efficacy.
10. Methodology

This research focused on the syntheses of Lugdunin-Mortiamide hybrid. The syntheses of Lugdunin-Mortiamide
hybrid are deslgned by replacing a thiazolidine molety with a number of pharmacophore, ranging from penicillin,
trimethoprim, cephalosporin and cysteine residues. To the synthetic strategy, Lugdunin-Mortiamide hybrid can
be categorized into two main steps. (1) The amino acid assembly of linear peptide using solid phase peptide
synthesis (5PPS). (2) The cyclization of linear peptide chain under an optirmized high dilution condition. The
Lugdunin-Mortiamide hybrid will be further examined anti-bacterial activities against a panel of multidrug
resistant bacteria, such -as Methicillin-resistance Staphylococcus aureus, Vancomycin-resistant Enterococcus

faeciurn, Cephalosporin-resistant Neisseria gonorrhoeae and etc,

11. Scope of the study
Today, the development of new antibiotic drug Is of great importance, many of which are generally
required for the surgery operation since a number of antthiotic drugs have been routinely used for
surgery operation to prevent the blood stream infection, possibly causing of the death in patients.
Lugdunin 1s a cyclic peptide containing a thiazolidine group and demonstrated a very effective antl-
microbial activity against methicillin-resistant 5. aureus (MIC = 1.9-153 pM), Importantly, the

development of resistance is not observed In Staphylococeus aureus.
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Figure 3 Chemical structures of Mortiamide (left), Lugdunin (rdght)

Therefore, the syntheses and development of novel antiblotics based on the “Lugdunin-Mortiamide
hybrid” are of great interest. To this research, we focused on the syntheses of Lugdunin-Mortiamide
hybrid. Lugdunin-Mortiamide hybrid were synthesized by replacing a thiazolidine moiety by a wide
range of war-head pharmacophores, ranging from penicillin, trimethoprim, cephalosporin to cysteine
residues. Penicillin and Cephalosporin are widely regarded as a group of B»iactam antibiotics which

potentiaily inhibited the formation of peptidoglycan cross-linked in bacterial cell wall syntheses, To



this mechanism, the E—lactam ring interacts with DD-transpeptidase enzyme, which ceases the

formation of cross-linked peptidoglycan in bacteria cell wall, resulting, in the death of bacteria.
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Figure 4 Chemical structure of Lugdunin (1) and their derivatives synthesized by replacing thiazolidine ring with
(2) penicillin, (3) cephalosporin, (4) cysteine and (5} trimethoprim
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