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Welcome to Setting our sights on infectious
diseases
Dear Colleague,
We would like to welcome you to the Wellcome Centre for Anti-Infectives Research conference,
Setting our Sights on Infectious Diseases. There is an urgent need for the development of new
medicines to treat infectious diseases, which are responsible for high mortality and morbidity,
particularly in Low and Middle Income Countries. There has been some notable progress in drug
discovery for some of these diseases in recent years, but there is still a long way to go. For many of
these diseases, there are no medicines, or the current medicines are not ideal. As you know
discovering and developing medicines is a complex endeavour. We are aiming to gather learnings
from across a variety of disease areas with the aim of exploring how we can improve and speed up
drug discovery and development.
We have a series of scientific sessions, starting with a general overview and then working back
from the clinical development perspective, through to target validation. Each session will be
rounded up with a panel discussion, to further explore the topics on discussion and pull out
general learnings. We also have poster sessions – please do look at the posters and talk to the
poster presenters. There will also be plenty of opportunity to network with other scientists from
across the world.
We hope that you find the conference valuable, have useful scientific discussions and can make
new contacts. We also hope that you enjoy something of the City of Dundee, with networking
events at the research ship, The Discovery, and at the newly opened V&A Dundee – Scotland’s first
museum of design. On the opening night we will have a reception at the School of Life Sciences. On
display will be some artwork developed around the ongoing work of the Wellcome Centre for
Anti-Infectives Research.
We would like to thank the Bill & Melinda Gates Foundation, Novartis, Medicines for Malaria
Venture and Drugs for Neglected Diseases initiative for supporting bursaries to enable a number
of young scientists from disease endemic countries to attend this meeting. We would also like to
acknowledge Wellcome for their support of this conference through the Wellcome Centre for
Anti-Infectives Research.

Ian Gilbert

The Roscoe Chair and Professor of Medicinal Chemistry.
Head of Division Biological Chemistry and Drug Discovery
Head of Medicinal Chemistry, Drug Discovery Unit
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Setting our sights on infectious diseases

Paul G Wyatt, FRSE

The Baxter Chair and Professor of Drug Discovery
Head, Drug Discovery Unit
Director, Wellcome Centre for Anti-Infectives Research

Programme
Sessions will take place in Lecture Theatre 3 on the first floor of the Dalhousie Building, University
of Dundee. Breaks and lunch will be co-located with the posters in the Dalhousie Foyer and level 1
gallery.

Sunday 12th May
Registration

Will be open in the Dalhousie Building Foyer from 3pm. Refreshments will be served.

Session 1: The current situation
The aim of this session is to highlight some of the key issues in infectious disease drug discovery
and development; starting with an overview of the global situation, a discussion of the current
challenges in ID drug discovery and ending with a focussed discussion on the status and future of
treatments for leishmaniasis.
Chair: Professor Sir Mike Ferguson FRS
Professor Sir Mike Ferguson FRS,
University of Dundee
Professor Sir Nicholas White FRS,
Mahidol University
and University of Oxford
Professor Paul Herrling

16.3016.40
16.4017.15

Welcome

Professor Shyam Sundar,
Banaras Hindu University

17.1517.50
17.5018.25

Professor Sarah Cook,
University of Glasgow

18.2518.45

The challenges and future directions of
drug discovery for neglected diseases
Current situation around visceral
leishmaniasis and current and future
treatment
LifeSpace: Science Art Research Gallery

Dr Jen Southern,
University of Lancaster

Infectious Diseases: The global situation

Introduction to
‘Para-Site-Seeing: Departure Lounge’

19.00: Welcome Reception, School of Life Sciences.
Includes viewing of the WCAIR LifeSpace Exhibition ‘Para-Site-Seeing: Departure lounge’ and tours
of the Centre labs.

#SOSID2019

@WCAIRDundee
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Monday 13th May
Registration will be open in the Dalhousie Building Foyer from 8.15am.

Session 2: Clinical Development and Connectivity to the Preclinical
Situation

The aim of this session is look at new ways of doing clinical trials. How can we accelerate clinical
development of new compounds? How can we link the clinical situation to the preclinical situation?
Chair: Professor Sir Nicholas White FRS
Professor Clifton E. Barry, III,
NIH National Institute of Allergy and
Infectious Diseases

09.00-09.40

PET/CT imaging in the clinical evaluation of new
antituberculosis agents

Professor James McCarthy,
Royal Brisbane and Woman’s
Hospital
Dr Isabela Ribeiro,
Drugs for Neglected Diseases
initiative (DNDi)

09.40-10.20

Use of human challenge models in clinical
development of compounds

10.20-11.00

Clinical trials for Chagas disease: understanding
PKPD relationships

Refreshments and Posters
Professor William Hope,
University of Liverpool
Panel Discussion
Lunch and Posters

11.00-11.30

Dalhousie Foyer and gallery

11.30-12.10

Challenges in clinical trials for antibacterials

12.10-12.30
12.30-14.00

Dalhousie Foyer and gallery

Session 3: Combination Therapy: Clinical and Preclinical Selection

The aim of this session is to explore how effective combinations are in the treatment of infectious diseases.
What makes a good combination and how are these selected? How good are preclinical and animal models
for selecting combinations?
Chair: Professor Paul Wyatt
Dr Didier Leroy,
Medicines for Malaria Venture (MMV)
Dr Bree Aldridge,
Tufts University
Dr John Pottage,
ViiV Healthcare
Refreshments and Posters
Dr Olena Moshynets,
Institute of Molecular Biology and
Genetics of NAS of Ukraine.

14.00-14.40
14.40-15.20
15.20-16.00
16.00-16.30
16.30-16.45

Dr Maria Jose Lafuente,
GSK, Tres Cantos

16.45-17.00

Panel Discussion
Suze Farrell,
WCAIR Training Manager
Dr Jean Baptiste Hzounda Fokou,
WCAIR Trainee

17.00-17.30
17.30-17.45

19.00: Evening Social and networking, Discovery Point
Includes buffet dinner and tours of RRS Discovery
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Preclinical and clinical selection of
antimalarial combinations
Optimisation of combination therapy for
tuberculosis
Selecting combination treatment for HIV-what
factors make a good combination?
Dalhousie Foyer and gallery
Azithromycin-colistin as a new combination
therapy against carbapenem-resistant
Klebsiella pneumoniae infection: anti-biofilm
activity and treatment effectiveness
Translational preclinical platform for
evaluation of antimalarial combination
therapy
WCAIR competency transfer: The Discovery of
the capacity

Tuesday 14th May
Session 4: PK/PD studies and Animal Models

This session will focus on modern approaches to understanding PK/PD relationships and how this can help in
developing compounds.
Chair: Professor Kevin Read
Professor Wesley Van Voorhis,
Center for Emerging and
Re-emerging Infectious Diseases ,
University of Washington
Dr Nathalie Gobeau,
Medicines for Malaria Venture, MMV
Dr Thomas Spangenberg,
Merck
Refreshments and Posters
Dr Ujjini Manjunatha,
Novartis Institute for Tropical Diseases

09.00-09.35

Challenges in the discovery of new agents for
cryptosporidiosis and understanding their
PK/PD relationships

09.35-10.10

PKPD modelling for the development of
antimalarial drugs
Innovative approaches in translational PK/PD

Caitlin Taylor,
University of Cape Town
Panel Discussion
Lunch and Posters

11.45-12.00

10.10-10.45
10.45-11.10
11.10-11.45

12.00-12.30
12.30-14.00

Dalhousie Foyer and gallery
The role of gastrointestinal exposure for
treating Cryptosporidium infection and its
implications for clinical development
A novel method for screening drug
permeation in Mycobacteria
Dalhousie Foyer and gallery

Session 5: Drug Discovery Pathways

How do we develop the drug discovery pathway. Choosing the critical pathway. How do we make sure our
assays are relevant to the clinical situation?
Chair: Professor Valerie Mizrahi
Dr Manu De Rycker,
Wellcome Centre for Anti-Infectives
Research
Professor Jennifer Keiser,
Swiss Tropical and Public Health
Institute
Professor Valerie Mizrahi,
Institute of Infectious Disease and
Molecular Medicine, University of Cape
Town

14.00-14.40

Development of screening cascades for
kinetoplastid parasites

14.40-15.20

Drug Discovery for schistosomiasis

15.20-16.00

The screening cascade for TB. Integration of
biology and chemistry to select compounds
for progression

Refreshments and Posters
Dr Lynn Silver,
Consultant

16.00-16.30

Dalhousie Foyer and gallery

16.30-17.10

What makes a good antibacterial drug
target and what makes a good
antibacterial molecule?

Panel Discussion

17.10-17.40

19.15: Evening Social and networking event, V&A Dundee
Includes buffet dinner and access to the current exhibition ‘Videogames: Design/Play/Disrupt’.

#SOSID2019

@WCAIRDundee
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Wednesday 15th May
Session 6: New start points and targets

The aims of this session are to consider how to identify new drug targets and how we can we smarter and
faster in performing early phase drug discovery.
Chairs: Dr Tim Miles and Professor Ian Gilbert
Dr Susan Wyllie,
Wellcome Centre for Anti-Infectives
Research
Professor Jacquin Niles,
Massachusetts Institute of Technology
Dr Jennifer Herrmann,
Helmholtz Institute for Pharmaceutical
Research Saarland
Refreshments and Posters
Dr Srinivasa Rao,
Novartis Institute for Tropical Diseases

09.00-09.35

Target deconvolution of phenotypic hits as a
way of identifying drug targets

09.35-10.10

A chemical-genetics strategy for
target-based drug discovery in malaria
Discovery and Development of
antibiotics from (Myxo)bacterial
secondary metabolites
Dalhousie Foyer and gallery
Accelerating early drug discovery
exemplified by Human African
Trypanosomiasis
Target-based screening versus phenotypic
screening for antiparasitic drug
discovery: a tale of two strategies
Synthesis of novel antimalarial and
antitubercular isonicotinohydrazides
Dalhousie Foyer and gallery

10.10-10.45

10.45-11.15
11.15-11.35

Professor Frederick S. Buckner,
University of Washington

11.35-11.55

Dr Richard K. Amewu,
University of Ghana
Lunch and Posters

11.55-12.15

Dr Paul Leeson,
Consultant

13.15-13.50

Dr John Overington,
Medicines Discovery Catapult
Panel Discussion
Wrap Up
End of conference

13.50-14.25
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12.15-13.15

14.25-14.50
14.50-15.00
15.00

Setting our sights on infectious diseases

Drug-like properties, ligand efficiencyguided optimisation, and their roles in
anti-infective disease drug discovery
Data Science in the discovery of novel
anti-infectives

Conference Information
How to access WiFi
Delegates affiliated with UK universities will be able to connect to the eduroam network.
Delegates will also be able to connect through _TheCloud which is provided by the University via Sky.
Delegates will need to register with Sky Cloud, which can be done in advance via
https://service.thecloud.net/service-platform/login/

Conference Information Point
The conference information point is located in the foyer of the Dalhousie Building, City Campus, University
of Dundee. See map at the end of this book.
Conference staff will be on hand throughout the event to help you with directions and answer your queries.
This will be your point of contact for the Conference Organising Committee, First Aid, Fire Wardens and
general enquiries.
Any post-conference enquiries can be emailed to WCAIR2019@dundee.ac.uk

First Aid
Details of accidents, injuries or near misses, however small and apparently insignificant, must be reported to
the Conference Information Point in the Dalhousie Building as soon as possible after the incident so that the
relevant person can be informed. If first aid is required during the conference, please report to the
Information Point where you will be treated by a designated first aider. In an emergency, an ambulance
should be called by dialling 999 immediately.

Fire Alarms
There are no fire drills scheduled during the conference. In the event of a fire incident, the fire alarm will
operate continuously and you should evacuate the premises by the nearest exit. Do not use the lifts in the
event of a fire.
Fire extinguishers are located throughout the premises and are indicated by signage denoting their type.
You should not attempt to fight a fire with extinguishers as doing so puts your personal safety at risk.

Conference Photography
Professional photography will capture key points throughout the conference as well as networking between
delegates. Images may be shared by the Wellcome Centre for Anti-Infectives Research via social media, our
website and other channels of communication. If you do not wish for photographs that you featured in to be
used in this way, please make a member of conference staff aware or leave your details with the Information
Point.

Social Media
Twitter users will be able to take part in further discussions and networking by using #SOSID2019 and
following @WCAIRDundee.

#SOSID2019

@WCAIRDundee
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Speaker Abstracts
Sunday 12 May, Session 1
Infectious Diseases: The global situation

Professor Nicholas
White FRS
Faculty of Tropical
Medicine, Mahidol
University and
University of Oxford

Infectious diseases continue to pose a major threat to health in the 21st century despite the
development of vaccines and anti-infective drugs and substantial improvements in public
health. Acute febrile illness is the most common reason for presentation to a health facility
in low and middle income countries. The majority of preventable infectious disease deaths
occur in these countries where pneumonia, diarrhoeal disease, tuberculosis, HIV-AIDS and
malaria are the major killers. Vaccine preventable infections (notably measles, tetanus,
hepatitis B) also still cause substantial mortality while parasitic diseases and arboviral
infections exert significant morbidity. Antimicrobial resistance, particularly in enteric
bacteria, is generally worse in tropical compared with temperate countries. South Asia has
the worst problem of all with an increasing number of these infections being untreatable
with currently available antibacterial drugs. Pandemic influenza A remains a threat with
rapidly evolving viruses emerging annually from East Asia. Highly effective well tolerated
vaccines have proved hard to develop in recent years, although good vaccines for
rotavirus, meningococcus (group B), cholera, and herpes zoster have all been introduced
recently. Antiviral drug discovery, particularly for the treatment of HIV and hepatitis C has
been transformative, but antibacterial drug discovery has not kept pace with resistance.
Widespread veterinary and human use and abuse of these precious drugs has created
enormous selective pressure for the emergence and spread of resistance.

The challenges and future directions of drug discovery
for neglected diseases

Professor
Paul Herrling
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Drug discovery sciences for neglected diseases and for diseases of more affluent societies
are much the same but in addition to the scientific challenges, neglected diseases are
faced with limited resources as they do not generate large commercial returns.
Generally a key challenge of drug discovery is the availability of High Throughput Screening
(HTS) assays and later assays that sufficiently reflect the physiological conditions in
patients to make the test results with new compounds relevant for the human situation.
Example where this is currently difficult to achieve are Dengue and Tuberculosis, while
in P.falciparum Malaria the conditions are much better, leading to a faster discovery and
development of new medicines in this area. New scientific technologies and knowledge
are increasingly applied to neglected diseases medicines research and this is yielding
encouraging results. Scientists in and from academia are contributing to drug discovery of
neglected diseases but must adapt to the fact that the goal here is a medicine that works
in patients and that is different from publishing papers. It requires very different incentives
including project goals, phase transitions and Target Product Profiles (TPPs) as well as
giving up an own project to contribute on somebody elses.

Setting our sights on infectious diseases

Professor Shyam
Sundar,
Banaras Hindu
University, Varanasi

Visceral leishmaniasis (VL) is the most severe form of leishmaniasis, and if untreated, it
is fatal. There are three major foci for VL- Indian subcontinent (ISC), the biggest focus,
followed by East Africa and Brazil. Launch of Elimination Programme in ISC led to a sharp
decline in the incidence of VL in recent years. Although pentavalent antimony (Sbv) was
the most widely used drug for the treatment of all forms of leishmaniasis, increasing drug
resistance and toxicity led to its abandonment in ISC. From countries of Mediterranean
Basin, a significant number of VL was reported especially with HIV co-infection, however,
with the introduction of antiretroviral therapy the situation has improved. In East Africa,
Sudan, South Sudan and Ethiopia have major burden. Post Kala-azar Dermal Leishmaniasis
(PKDL) in ISC and Sudan, and HIV VL coinfection are reservoirs and pose a therapeutic
challenge.
In ISC, initially amphotericin B deoxycholate was used for the treatment of VL, however, the
regimen was difficult to implement at peripheral health facilities and was soon replaced by
oral miltefosine as it became available. Prolonged regimen of almost one month, frequent
gastrointestinal adverse events and teratogenic potential were major hurdles with the
miltefosine treatment. Two important break-throughs in the treatment of VL – Single Dose
treatment with 10 mg/kg of liposomal amphotericin B (SD-LAMB), and 8-11 days of multidrug
therapy, led to the deployment of SD-LAMB in the ISC with excellent outcome bringing down
the incidence dramatically. In Africa and Brazil, unfortunately these regimens did not work
well. In Africa the treatment of choice is co-administration of parenteral paromomycin and
Sbv for 17 days, as this regimen was found superior to 28 days monotherapy with Sbv , both
in terms of safety and efficacy. In Europe, Brazil and other South American countries the
treatment of choice in an immunocompetent patient is LAMB (20 mg/kg) given over 2 or
more days. In HIV -VL coinfection, LAMB (40 mg/kg) spread over 38 days is recommended.
PKDL is difficult to treat particularly in ISC, and 12 weeks oral miltefosine is being used. In
Sudan, Sbv for two months is the treatment of choice for PKDL.

LifeSpace, Para-Site-Seeing:Departure Lounge

Professor Sarah
Cook,
University of
Glasgow

LifeSpace Science Art Research Gallery is located in the School of Life Sciences, University
of Dundee. The mission of LifeSpace is to engage artists and scientists in exciting new
collaborations and to foster long-term cross-disciplinary activity that will provide these
communities and the public with greater insight into the broad spectrum of life sciences
research. This research-driven gallery space is curated as a collaborative partnership
between researchers from Duncan of Jordanstone College of Art and Design and
researchers from the School of Life Sciences.

Para-Site-Seeing: Departure Lounge is a new science-art exhibition. We’re inviting you
to imagine life from the perspective of a parasite in a human-centred world. In your trip
around the show, you’ll experience life down the microscope as Leishmania. Check in for
your flight, wait in the lounge and climb on board. Fasten your seatbelts - it’s going to be a
bumpy (sand) flight!
The exhibition uses the parasite’s eye view to explore the multi-species relationships of
Leishmania on microscopic and global scales, and situates scientific Leishmania research
within geographical, cultural and social histories. The collaborative process of the artists
included work with scientists at WCAIR, writers, students, artists, and researchers around
the world to produce an installation that includes photography, video of a Leishmania-eye
view around the lab, and even poetry.
The exhibition has been created by artists Rod Dillon and Jen Southern, who have been
working together since 2011. Jen Southern has exhibited her work around the world over
25 years. She works as Artistic Director at the Centre for Mobilities Research at Lancaster
University. Her work is a hybrid of art practice, research into mobile technologies and
speculative software design. Rod Dillon is an artist, entomologist/microbiologist and Senior
Dr Jen Southern,
Lancaster University Lecturer at Lancaster University. He studies the transmission of Leishmania by sandflies in
Brazil.

#SOSID2019

@WCAIRDundee
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Current situation around visceral leishmaniasis and
current and future treatment

Speaker abstracts

Monday 13 May, Session 2
PET/CT imaging in the clinical evaluation of new
antituberculosis agents

Professor Clifton E.
Barry, III,
NIH National
Institute of Allergy
and Infectious
Diseases

Definitive clinical trials of new chemotherapies for treating tuberculosis (TB) require
following subjects until at least 6 months after treatment discontinuation to assess for
durable cure, making these trials expensive and lengthy. Surrogate endpoints relating
to treatment failure and relapse are currently limited to sputum microbiology, which has
limited sensitivity and specificity. We have prospectively assessed radiographic changes
using 2-deoxy-2-[(18)F]-fluoro-D-glucose (FDG) positron emission tomography/computed
tomography (PET/CT) in several studies in subjects with both drug-resistant and drugsensitive disease. Quantitative changes in FDG uptake 2 months after starting treatment
are associated with long-term outcomes and these radiologic markers were more sensitive
than conventional sputum microbiology in distinguishing successful from unsuccessful
treatment. These results support the potential of imaging scans as possible
surrogate endpoints in clinical trials of new TB drug regimens.

Use of human challenge models in clinical development
of compounds
Experimental human infections have been long-standing tools in the development of
vaccines and drugs against some of the world’s most important diseases. This is certainly
true for malaria – a disease that still kills almost half a million children each year.

Professor James
McCarthy,
Royal Brisbane and
Woman’s Hospital
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Whilst malaria remains one of the most feared of human infections, we are fortunate in
being able to move beyond basic in vitro or animal models and directly infect human
volunteers to study the course of infection, and the in vivo effect of experimental
antimalarials.
By monitoring the course of parasitemia in volunteers by qPCR, and by terminating it before
any become unwell, such studies are now routinely safely executed. In this presentation,
the exciting advances in antimalarial drug development coming from human challenges
studies being undertaken in Queensland, Australia, will be described, and some of the
learnings from exploratory research will be presented.

Setting our sights on infectious diseases

After 40 years of limited progress in research and development (R&D) for Chagas disease
(CD), significant changes in the landscape have occurred over the last decade. New
compound classes have been identified and a series of randomized-controlled clinical trials
were implemented to systematically assess treatment with benznidazole and nifurtimox in
adults and children and to evaluate ergosterol biosynthesis inhibitors. One of the catalysers
of progress was the development of consensus on the design of proof-of-concept
studies for CD, with definition of study populations, outcome measures, and timelines for
Dr Isabela Ribeiro,
Drugs for Neglected assessment of therapeutic response. Due to an absence of early biomarkers of therapeutic
efficacy, the need for a long follow-up using conventional serology, and the inability to use
Diseases initiative
clinical symptoms, PCR has emerged as a useful tool to measure parasitological response.
Standardized procedures for qualitative and quantitative PCR testing with higher analytical
sensitivity and specificity, reproducibility, and low levels of intra- and inter-assay variation,
and high levels of accuracy were developed. In addition, serial, sequential PCR assays
were used to increase test sensitivity and evaluate durability of response. Another key
feature of recent trials was the inclusion of a population-pharmacokinetics component,
allowing for evaluation of exposure-effect relationships. Until now, PCR response data
following treatment with benznidazole has not provided sufficient information to support
pharmacokinetic-pharmacodynamic (PKPD) modelling due to the rapid clearance and
limited number of treatment failures. Follow-up investigations are underway across different
doses and treatment durations. In the case of E1224 (fosravuconazole), a semi-mechanistic
PKPD model was developed that adequately describes the observed time course of qPCR
response. A full, qualified mechanistic model may be used in the future as a systems model
and applied to investigate the effect of different drugs in CD. As a negative PCR does not
exclude the presence of parasites in tissues or circulating in levels below those of detection,
long-term follow-up data correlating PCR with serological conversion and/or clinical
benefit is needed. However, information generated from recent trials suggest that existing
knowledge gaps do not preclude the use of current tools and designs, and support their use
to inform and guide drug development.

Challenges in clinical trials for antibacterials

Professor William
Hope,
University of
Liverpool

Antimicrobial resistance (AMR) represents an unprecedented challenge to modern
healthcare. While it might be possible to develop new antibacterial compounds with
potent in vitro activity, there are a multitude of challenges to subsequently bring new
agents to the clinic to address unmet medical need. The successful development of a
new antibiotics requires the entire development pathway to be clear including plans for
recovery of investment. Translation is slow and expensive. This talk will address some of
challenges of current pathways for the development of new agents. The tactics and links
between preclinical models to enable the identification of the appropriate regimens for
early phase clinical studies will be discussed. The importance and use of non-inferiority
trials over superiority trials will be addressed. The design and cost of different development
pathways for complicated urinary tract infections (cUTI) and pneumonia will be addressed.
The challenges for developing a narrow-spectrum agents for MDR/XDR pathogens will be
explored as will the substantial issues in developing new compounds that augment existing
antimicrobials.

#SOSID2019

@WCAIRDundee
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Clinical trials for Chagas disease: understanding PKPD
relationships

Speaker abstracts

Monday 13 May, Session 3
Preclinical and clinical selection of antimalarial
combinations
Developing a new medicine that can successfully treat patients and combat drug
resistance ideally requires at least two drugs in combination, each with a different
mechanism of action or different mechanism of resistance. At any one time, there are 14
compounds in MMV’s translational portfolio, and the resulting number of new combinations
to sort through and prioritize is potentially over 100. Selecting the optimal combination is a
complex scientific challenge.
MMV and partners have developed and implemented a series of platforms to gather data

Dr Didier Leroy,
to feed into a tool that enables every compound pair to be compared in a similar manner.
Medicines for Malaria This allows unbiased prioritization of optimal drug combinations for further research. This
Combo tool will be described in this presentation.
Venture

Optimisation of combination therapy for tuberculosis

Dr Bree Aldridge,
Tufts University

Tuberculosis requires multidrug treatment to limit the emergence of drug resistance
and ensure killing of a heterogeneous bacterial population. Improvements to drug
regimens should harness the potential of combination therapies to identify drugs that act
synergistically. This is countered by the experimental challenge that currently we cannot
predict efficacy without animal models, making efficacy data available only for a few
regimens late in the development pipeline. We need methods to prioritize the very large
number of possible drug combinations for further testing in the clinic or in animal models.
Key to prioritizing multi-drug combinations is systematic, high-quality in vitro measurement
of drug efficacies and a framework that links in vitro measurements to efficacy in animals
and humans. We have recently developed a quantitative framework to efficiently measure,
analyze, and predict pairwise and high-order drug interactions, allowing us to prioritize
combinations from large numbers of drugs. Our method, called DiaMOND (diagonal
measurement of n-way drug interactions) is based on efficient geometric sampling of
traditional combination checkerboards. Here we leverage the efficacy and ease-of-use of
DiaMOND to systematically measure drug combinations in multiple growth conditions. We
aim to use this data compendium to more precisely map in vitro to in vivo efficacy data and
formulate more effective drug regimens.

Selecting combination treatment for HIV-what factors
make a good combination?

Dr John Pottage,
ViiV Healthcare

12

The use of Highly Active Combinations of Anti-Retroviral Therapy (HAART) has transformed
the treatment of HIV Disease with patients now living a normal life span with continued
therapy. HAART has generally been composed of combinations of three drugs with activity
against at least two distinct parts of the viral life cycle. This has allowed increased potency
and a decreased likelihood of the emergence of resistance. The use of PK boosters in these
combinations has also contributed to this increase in potency.
Disadvantages with these combinations (which are projected to be used for decades)
include the potential for long term toxicity, additive adverse effects related to a patient’s
concomitant morbidity, unfavourable drug-drug interactions, and increased costs. At
present we have entered an inflection point in the treatment of HIV Disease which
is centred on two key areas: 1) improved options for patients and 2) development of
therapies for cure or long-term remission. Using the principles of combination therapy,
considerations going forward include the use of 2 drugs rather than 3, long acting
parenteral drugs, biological agents such as monoclonal antibodies with both antiviral and
immune boosting functions and penetration into reservoirs. These will be reviewed in this
session.

Setting our sights on infectious diseases

Gram-negative infections have become a global health problem with
Klebsiella pneumoniae listed as one of the antibiotic-resistant “priority pathogens” by
WHO in 2017. An intrinsic capability of many pathogens is the ability to form a biofilm
which underlies persistent, survival, and resistance to the immune system and antibacterial
therapy, with biofilms generally providing phenotypic resistance when genetic resistance
might be restricted. However, this may not always be the case, as P.aeruginosa biofilms
Dr Olena Moshynets, are susceptible to azithromycin (AZM) whereas planktonic (non-biofilm) cells are not. Like
P.aeruginosa, K.pneumoniae also forms biofilms and shares similar antibiotic resistance
Institute of
profiles, and we have hypothesized that some macrolides might possess similar antiMolecular Biology
biofilm activity against K.pneumoniae. We have evaluated the anti-biofilm and bactericidal
and Genetics of NAS effectiveness of eight macrolides against K.pneumoniae ATCC10031 and seven hospital
of Ukraine
isolates, with AZM showing significant anti-biofilm effects. Although colistin, an antibiotic
of choice for carbapenem-resistant K.pneumoniae, showed low effectiveness against
Authors
both planktonic and biofilm cultures, we found the combination of colistin and AZM led
O.V. Moshynets1,
to a synergistic effect, improving the Cmic of colistin up to serum Cmax levels which could
A.A. Vodianyk2,
increase the therapy effectiveness of colistin in treating K.pneumoniae infections.
O.A. Krykunov3,
Based on these findings, we applied the combination therapy as an experimental treatment
A.J. Spiers4
for a MDR K.pneumoniae severe infection associated with a bad prognosis. The case
was a 27-year-old female patient, 21 days after orthotopic heart transplantation with
1. Institute of
immunosuppressive treatment who developed a deep sternal wound infection and multiple
Molecular Biology and
abscesses in the anterior mediastinal space and pericardium. MDR K.pneumoniae sensitive
Genetics of NAS of
only to colistin (MIC=2.0 mg/ml) was identified and an antibiotic therapy of imipenen 500
Ukraine, Ukraine; 2. Public
mg every 6 hours IV, colistin 2.0 MU every 12 hours IV, azithromycin 1000 mg daily PO,
Health Centre, Ukraine; 3.
Amosov National Institute fluconazole 50 mg daily PO applied and the K.pneumoniae completely eradicated in 4
of Cardiovascular Surgery, weeks.
Our results suggest that combination therapeutic approach using anti-biofilm compounds
Ukraine; 4. Abertay
such as AZM with a task-specific antibiotic can be used to combat infections caused by
University, UK
MDR K.pneumoniae, and that the use of AZM to potentiate colistin may prove an effective
solution for PDR and MDR infections.
Short-talk selected
abstract

Translational preclinical platform for evaluation of
antimalarial combination therapy
Malaria is a global health problem that causes significant mortality and morbidity in many
developing countries, where young children and pregnant women are the groups most
affected. Most antimalarial drugs face decreased efficacy due to the spread of resistance.
During the last years, there has been a transformation of the portfolio of malaria medicines,
with new chemical entities, that act through novel mechanisms of action, entering clinical
development. To counter the threat of resistance of P. falciparum to monotherapies, and to
improve treatment outcome, combinations of antimalarials, ideally acting through different
mode of action, are now recommended by WHO for the treatment of P. falciparum malaria.
Maria Jose
Combinations potentially offer additional important advantages over monotherapies, as
Lafuente-Manasterio,they should provide improved efficacy and offer the opportunity to decrease dosages of
individual agents, thereby reducing cost and/or toxicity. Furthermore, they might offer
Diseases of the
additional advantages if the separate agents are active against different parasite stages.
Developing World,
One of the challenges to develop new treatments is to show that a medicine is effective in
GlaxoSmithKline
the human clinical situation. A translational preclinical platform aimed at identifying novel
and optimal combinations to optimize efficacy and avoid selection of resistance has been
established at our unit. This platform is supported by the Bill and Melinda Gates Foundation
and encompasses a complete profiling which involves several phases that will be described.
“The human biological samples were sourced ethically and their research use was in accord with the
terms of the informed consents under an IRB/EC approved protocol”
“All animal studies were ethically reviewed and carried out in accordance with European Directive
2010/63/EEC and the GSK Policy on the Care, Welfare and Treatment of Animals.”
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Azithromycin-colistin as a new combination therapy
against carbapenem-resistant Klebsiella pneumoniae
infection: anti-biofilm activity and treatment
effectiveness

Speaker abstracts

Tuesday 14 May, Session 4
Challenges in the discovery and development of new
agents for cryptosporidiosis and understanding their
PK/PD relationships
Cryptosporidium is the second leading cause of severe diarrhea and subsequent death in
malnourished children less than 2-years-old in resource challenged areas. Cryptosporidiosis
also is strongly associated with stunting and poor neurocognitive development in
these children. However an effective anti-Cryptosporidium drug is not yet available for
malnourished children. To answer this need, a pipeline of candidate anti-Cryptosporidium
drugs with varying mechanisms of action has been created by the research community.
A target product profile has been created for anti-Cryptosporidium drugs and a testing
cascade to support discovery.
Professor Wesley
Cryptosporidium infections are particularly challenging to PK and PD modeling and
Van Voorhis,
Center for Emerging measurements for compound optimization. This is because of the parasite’s gut
intraluminal position, yet underneath the host cell gut epithelial plasma membrane but in an
and Re-emerging
extracytoplasmic space. Because of this localization, PK/PD modeling for most candidates
Infectious Diseases, supports optimal delivery of drug through the enteral tract to the site of infection, with an
University of
optimal solubility and permeability profile. A compound with a substrate activity for Pgp
Washington
pumps has been shown to inhibit antiparasitic activity in vitro and in mouse models.
Beyond pre-clinical development, a path-breaking, experimental clinical trial is underway in
Malawi to test clofazimine for cryptosporidiosis therapy in adult HIV+ people with diarrhea.
This trial gives insights to the clinical pathway to test anti-Cryptosporidium drugs. I will
discuss the pathway beyond adults, including clinical trials in the pediatric population and
eventual licensure and post marketing safety studies.
Acknowledgements: The entire cryptosporidium community contributed to the data presented, but
special acknowledgements go to Kayode Ojo, Ryan Choi, Matt Hulverson, and Samuel Arnold who
developed many of the concepts I will present.

PKPD modelling for the development of antimalarial
drugs
The development of resistance to current antimalarial treatments means that new
treatments must be found rapidly. Medicines for Malaria Venture (MMV) and its partners aim
to discover new combination treatments, made of new compounds, that will achieve the
same cure rate with a single dose as the current three daily doses treatment. To reach this
ambitious goal and to speed up the development of new antimalarial combinations, MMV is
using modelling and simulation to take informed decisions at key steps.
Activity of antimalarial candidate compounds to cure patients is first tested in severe
combined immunodeficient (SCID) mice engrafted with human erythrocytes and infected
with Plasmodium falciparum parasites, one of the five malaria parasites infecting
Dr Nathalie Gobeau, humans but not mice. A range of doses are tested and the compound concentrations and
Medicines for
parasitemia are measured in each mouse. A PKPD model is built and used, in combination
Malaria Venture
with a prediction of human PK, to make an initial estimation of the efficacious dose in
humans. This estimated dose is used to prioritize the compounds to be tested in humans.
Before going into patients, the compound is administered at subtherapeutic doses to
volunteers inoculated with P. falciparum infected red blood cells. The PKPD relationship is
updated with these data and the efficacy of the compound is reassessed. If insufficient, the
compound is deprioritized.
Several compounds have now reached the clinics and MMV and partners need to
prioritize amongst all possible combinations, those that will be tested in patients. As
for the development of monotherapy compounds, a combination of in vitro assays,
animal experiments and modelling is used to estimate the pharmacokinetics and
pharmacodynamics interactions between the combination partners and predict the
parasitemia profile expected in patients. It is intended to first test the most promising
combinations in VIS before going into patients.
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Innovative approaches in translational PK/PD

Part 2: M5717, preclinical PK/PD of liver stage malaria
The restricted pipeline of drugs targeting the liver stage of Plasmodium infection reflects
the scarcity of cell models that mimic the human hepatic phenotype and drug metabolism,
as well as Plasmodium hepatic infection. Using stirred-tank culture systems, spheroids
of human hepatic cell lines were generated, sustaining a stable hepatic phenotype over
four weeks of culture. Plasmodium invasion and development were recapitulated in the
hepatic spheroids, yielding blood-infective merozoites. The translational potential of the 3D
platforms was demonstrated by comparing the in vitro minimum inhibitory concentration
of M5717, a compound under clinical development, with in vivo plasma concentrations that
clear liver stage P. berghei in mice.

The role of gastrointestinal exposure for treating
Cryptosporidium infection and its implications for
clinical development
Diarrheal infections kill ~500,000 children under the age of 5 every year, primarily in the
developing world. Cryptosporidiosis is one of the major infectious diarrheal diseases caused
by the apicomplexan parasite Cryptosporidium. Cryptosporidium is an obligate intracellular
parasite infecting the epithelial layer of the small intestine. This disease is associated with
child mortality and significant morbidity such as severe growth stunting but no vaccine or
effective treatments are available. The primary target population is pediatric patients under
Dr Ujjini Manjunatha, 2 years of age, so safety considerations are critical for compound progression to the clinic.
Novartis Institute for Recently, we have identified the pyrazolopyridine compound KDU731 as a promising
Tropical Diseases
anticryptosporidial agent inhibiting Cryptosporidium PI(4) kinase, affecting inner membrane
complex (IMC) formation which is essential in all stages of Cryptosporidium life-cycle. Oral
treatment with KDU731 resulted in significant improvements in both immunocompromised
mouse model as well as neonatal calf model. However, KDU731 intravenous treatment
is not efficacious in mouse cryptosporidiosis model despite similar plasma exposure,
suggesting systemic exposure alone may not be sufficient for in vivo efficacy of CpPI(4)
K inhibitors. The optimal PK parameters for anti-Cryptosporidium agents remain poorly
understood. Considering that the Cryptosporidium primarily infects intestinal epithelial
cells facing the lumen, gastrointestinal (GI) exposure alone can drive pharmacodynamic
effect in vivo for anti-parasitic agents. Soft drugs are therapeutic agents that undergo
predictable metabolism to inactive metabolites and rapidly clear from systemic circulation
after exerting their therapeutic effect. Using a soft-drug strategy, we have demonstrated
that the direct GI exposure is necessary & sufficient for anti-Cryptosporidium activity
mediated by CpPI4K inhibition. Thus considering the most vulnerable paediatric target
patient population such as malnourished children under 2 years of age, drugs with minimal
systemic exposure could potentially lower the risk of off-target systemic effects, drug−
drug interactions and toxicity, thereby enhancing the therapeutic index.
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Dr Thomas
Spangenberg,
Merck

Part 1: PK/PD relationship of praziquantel in the S. mansoni mouse model
After more than 40 years of use, Praziquantel (PZQ) still remains the drug of choice for the
treatment of intestinal and urogenital schistosomiasis. However the relationship between
pharmacokinetics and efficacy is not elucidated. For adults infected with intestinal
schistosomiasis, a single oral dose of PZQ at 40 mg/kg is generally recommended by the
World Health Organisation for preventive chemotherapy programs. By reducing hepatic
metabolism with a pan-CYP inhibitor, we studied the systemic plasma exposure relationship
versus activity in the Schistosoma mansoni mouse model. For S. mansoni infections where
the worms are located in the mesenteric veins, we found that systemic plasma exposure
was not predictive of efficacy, whereas estimated portal vein concentration of PZQ acts
as a good predictor for the efficacy. This hypothesis was confirmed by pre-treatment of
mice with a CYP inducer which led to a ~10 fold decrease in systemic plasma exposure while
maintaining the efficacy of PZQ. This implies that the critical parameters are the rate and
amount of PZQ absorbed, in order to achieve the required high local concentrations in the
mesenteric veins.

Speaker abstracts

A novel method for screening drug permeation in
Mycobacteria
The paucity of novel compounds progressing to the clinic demands
innovative approaches to tuberculosis (TB) drug discovery. Currently, the very early
preclinical phase relies on the demonstrated inhibition of Mycobacterium tuberculosis
growth in vitro, a resource-intensive and time-consuming approach which provides mostly
binary data: “inhibition” or “no inhibition”. Attempts to optimize physicochemical and
pharmacological properties are undermined by the inability of collaborating biology teams
to provide medicinal chemists with actionable reasons for loss of activity in derivative
Caitlin Taylor,
molecules modified at different sites on the core active pharmacophore. In turn, this risks
University of Cape
discarding promising molecules owing to inadequate information about their apparent
Town
inactivity. It is therefore imperative to develop scalable methods that can elucidate the
biology of permeation in mycobacteria, providing empirical, systematic data that might
Authors
inform drug design. We aimed to develop a novel screen capable of differentiating
C. R. Taylor1,2,
mycobacterial cell wall-permeant drug-like molecules from those which fail to penetrate
M. Blaskovich3, T.
the bacillary cytoplasm, potentially allowing for the development of a set of parameters
Egan2,4, V. Mizrahi1,2,5
to better define drug permeation in M. tuberculosis. Utilizing a click chemistry-enabled
D. F. Warner1,2,5
system in combination with a comparative screen comprising cell wall replete (CW+) wildtype mycobacteria and cell wall-deficient (CW-) derivatives, we predicted that comparison
1. SAMRC/NHLS/UCT
of inhibitory efficacy in the two cell types might elucidate the impact of the cell wall on a
Molecular
compound’s activity. This is enabled through the application of an intracellular probe that
Mycobacteriology
fluoresces only upon interaction with an azide-functionalized drug. Preliminary data in the
Research Unit,
non-pathogenic Mycobacterium smegmatis utilizing a range of azide-derivatized drugs
Department of
supports the utility of this system, with key differences in killing efficacy observed between
Pathology, University of
Cape Town, Rondebosch CW- and CW+ mycobacteria. Moreover, microscopic analyses confirmed the correlation of
7701, South Africa;
quantitative fluorescence with drug permeation.
2. Institute of Infectious
In differentiating potentially active pharmacophores lacking the requisite moieties to allow
Disease and
cell wall permeation from those which are truly inactive against their target, the screen
Molecular Medicine,
described here offers one approach to streamline anti-TB drug discovery by ensuring that
Faculty of Health
chemistry and biology resources are focused on those molecules for which mycobacterial
Sciences, University of
Cape Town, Rondebosch cell permeation has been eliminated as a confounding factor.
7701, South Africa;
3. Institute for Molecular
Bioscience, University
of Queensland, Brisbane
QLD 4072, Australia;
4. Department of
Chemistry, University of
Cape Town, Rondebosch
7701, South Africa; 5.
Wellcome Centre for
Clinical
Infectious Diseases
Research in Africa,
University of Cape Town,
Rondebosch 7701, South
Africa.

Short-talk selected
abstract
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Dr Manu De Rycker,
Wellcome Centre
for Anti-Infectives
Research

Chagas disease has a significant impact in Latin America and beyond. Current treatments
are inadequate due to adverse side effects that result in treatment discontinuation. The
Drug Discovery Unit at the University of Dundee and the Global Health R&D unit at GSK are
working together to discover new pre-clinical candidates for Chagas disease with a better
safety profile. A key challenge is the poor understanding of the drug discovery path and
the properties required for new Chagas disease drugs. Through mouse efficacy studies
with multiple new compound series, we have identified three key factors: compound mode
of action, parasite localisation and compound distribution. We have carried out a series of
experiments, both in vitro and in vivo, to address these points and based on the outcome,
we have re-defined our Chagas drug discovery cascade. We have achieved promising
in vivo efficacy results with combination therapy, demonstrating the usefulness of this
approach to overcome some of the key challenges in Chagas drug discovery.

Drug Discovery for schistosomiasis

Professor Jennifer
Keiser,
Swiss Tropical and
Public Health
Institute

Schistosomiasis is a debilitating parasitic disease responsible for a huge public health
burden. Treatment and control relies on a single drug, praziquantel. Yet with concerns
of drug resistance, along with the drug’s other drawbacks, the scientific community
has recognized an urgent need for the development of new treatments. Hence, this is
a key moment to expand antischistosomal drug discovery efforts. I will summarize the
in vitro and in vivo drug screening cascade and lay out best practice phenotypic assay
evaluation procedures and highlight limitations in the process. Recent efforts to improve
the antischistosomal in vitro assays using a microfluidic platform and liver tissues will be
presented.
To encourage and accelerate drug discovery for diseases of poverty, the Medicines for
Malaria Venture (MMV) has released box sets of 400 compounds (Malaria, Pathogen and
Stasis Boxes). Results obtained testing these boxes in the antischistosomal drug discovery
cascade will be presented. Moreover, using the Pathogen Box three institutions evaluated
the same set of compounds to determine the degree of inter-assay variability. There
was strong concordance of at least 87% in identifying active and inactive compounds on
one or more of the three days among two institutions applying a phenotypic screen. Old
lead compounds might provide a second source to discover novel antischistosomal lead
compounds. I will provide two examples and present our work on Ro-15-5458 and Ro- 133978.
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Development of screening cascades for kinetoplastid
parasites
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The screening cascade for TB.
Integration of biology and chemistry to select
compounds for progression

Professor Valerie
Mizrahi,
Institute of
Infectious Disease
and Molecular
Medicine,
University of Cape
Town

The urgency of the need for new TB drugs that are active against both drug-susceptible
and drug-resistant strains of M. tuberculosis cannot be over-stated. This need has driven
the establishment of a TB drug pipeline with a number of promising new drugs and drug
combinations that are in clinical development. However, achieving the aspirational goal of
developing a universal and dramatically treatment-shortening TB drug regimen requires
a step change in early-stage drug discovery to ensure that high-quality hits compounds
with whole-cell anti-tubercular activity, coupled with a much deeper understanding of
how inhibiting combinations of vulnerable targets can result in rapid sterilizing cure,
are delivered to the pipeline. Historically, target-based programs for anti-tubercular hit
identification have met with limited success, being confounded by two key issues: drug
metabolism in M. tuberculosis and compound penetration across the mycobacterial
cell envelope. This problem drove a concerted push towards hit identification through
phenotypic screening of compound libraries against M. tuberculosis under conditions
designed to mimic those encountered in human infection. While more productive, this
approach also has its limitations, foremost of which are the need for mechanism-of-action
elucidation and target identification, which can be slow and inconclusive. However, in the
past 5-10 years, biological insight gained from fundamental research on the physiology and
metabolism of M. tuberculosis in vitro, ex vivo and in animal models of infection has been
harnessed to accelerate early-stage TB drug discovery by establishing a screening cascade
that engages a range of informative assays for selecting compounds for progression.
Moreover, target b(i)ased whole-cell screens using engineered strains of M. tuberculosis
have been implemented to enable hit identification against high-value targets and
pathways by combining the power of target-led and phenotypic approaches. In this talk, I
will illustrate how this screening cascade has been employed in projects conducted in my
laboratory within the MM4TB, HIT-TB and SHORTEN-TB consortia, highlighting key lessons
learned.

What makes a good antibacterial drug target and what
makes a good antibacterial molecule?

Dr Lynn Silver,
Consultant
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Target selection lore is based on “first principles” that may be necessary but are not
sufficient: a target is an essential function which if inhibited would lead to growth inhibition
or preferably death; is unrelated to (or sufficiently different from) human functions; is
present in a useful spectrum of bacteria; and appears druggable. However, importantly,
a good target should have low resistance potential. Indeed, the best antibacterials,
those used in systemic monotherapy, are not subject to rapid target-based resistance
selection because they are multi-targeted and require more than one mutation to yield
high level resistance. Conversely, then, identifying single attractive targets may lead
to a high probability that single mutations will lead to high level resistance. Thus, the
best antibacterial molecules are those that interact with multiple sites – whether within
a single target or in multiple targets. And those optimal molecules will have to have
physicochemical properties that endow them with the ability to get to their targets, to have
pharmacokinetics that assure sufficient concentration at infectious sites, and critically, to
have low toxicity. And there are other requirements that must be met. It is the difficulty of
meeting all these criteria that has led to the lack of success in the discovery of developable
novel antibacterial agents.

Setting our sights on infectious diseases
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Dr Susan Wyllie,
Wellcome Centre for
Anti-Infectives
Research

The Mode of Action (MoA) group at the University of Dundee undertakes drug target
deconvolution studies with phenotypically-active, anti-parasitic compounds. Using a
matrix of established and new methodologies in the fields of high-throughput genetics, cell
biology/biochemistry and chemical proteomics, the group determines the mechanism(s)
and/or specific molecular targets of active compounds. The principal goal of these studies
is to feed much-needed chemically-validated drug targets into drug discovery programmes
to facilitate target-based drug discovery. In uncovering MoA, we have the potential to
identify exploitable drug targets and the ability to generate chemical and biological tools
that can be used to study fundamental parasite biology. The numerous ways in that MoA
studies can impact and indeed drive drug discovery programmes in Neglected Tropical
Diseases will discussed.

A chemical-genetics strategy for target-based drug
discovery in malaria

Professor Jacquin
Niles,
Massachusetts
Institute of
Technology

Malaria is a major global health problem, with 219 million cases and 435,000 deaths
estimated in 2017. Antimalarial drugs are critical for malaria treatment and eradication
efforts. However, resistance to clinically approved drugs is rapidly spreading. At the same
time, the pipeline of new antimalarial drugs is limited.
Phenotypic screens have been valuable in discovering promising lead compounds, but
identifying the targets of these compounds is a separate, time-consuming process.
Towards overcoming this critical bottleneck in lead compound discovery and optimization,
we have combined genetic strategies for conditionally and specifically perturbing essential
parasite protein expression with chemical screens to identify functional interactions
between compounds and target proteins. In this way, we can simultaneously obtain
evidence of a compound’s antimalarial activity and its likely mode of action on a rapid
timescale.
We show that this approach efficiently detects interactions between specific compounds
and their targets, and importantly, also allows targets to be ruled out in mode of action
studies. We envision this target-based phenotypic screening approach will be scalable, and
are integrating it with high throughput screening platforms towards the goal of improving
the efficiency with which promising lead antimalarial compounds can be advanced towards
clinical translation.
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Discovery and development of antibiotics from
Myxobacterial secondary metabolites

Dr Jennifer
Herrmann,
Helmholtz Institute
for Pharmaceutical
Research Saarland

Natural products are the source of a large fraction of the current pharmaceutics available
against human disease. However, the discovery of novel compounds with new mechanisms
of action is becoming increasingly challenging. We focused our work on soil-dwelling
myxobacteria from highly diverse samples, which are more and more recognised as an
important natural product source.
Our discovery pipeline combines traditional whole cell-based activity screens with stateof-the-art analytical techniques and a comprehensive de-replication process. We were
able to isolate several new natural products with potent and selective activity against
clinically relevant pathogens and parasites. Interestingly, underlying modes of action often
differ from those of already described antimicrobial agents.
Three case studies of currently investigated compound classes will be highlighted.
(1) Cystobactamids are novel gyrase inhibitors that display pronounced activity against
Gram-positive and Gram-negative bacteria, including multidrug-resistant clinical isolates.
(2) Antibacterial and antimalarial chlorotonils were improved through semi-synthesis and
initial in vivo proof-of-concept was achieved in mouse models of S. aureus infection and
malaria.
(3) Corallopyronins are highly promising lead structures for the development of new drugs
for the treatment of lymphatic filariasis.
These natural products bind to a novel target on bacterial RNA polymerase (‘switch region’),
which is distant to the binding sites of previously characterised inhibitors.

Accelerating early drug discovery exemplified by
Human African Trypanosomiasis
Nearly a billion people in over 80 countries are at risk for one of the three kinetoplastid
diseases: leishmaniasis, Chagas disease, and human African trypanosomiasis (HAT).
More than 30,000 people continue to die each year from these neglected diseases and
millions more suffer from serious morbidities. Current therapies have severe shortcomings,
hence there is an urgent need for novel treatments that are safe, efficacious and easy to
administer. At Novartis we took a collaborative approach for drug discovery focusing on
high-throughput phenotypic screening, followed by early target de-convolution and targetbased drug discovery built on in-house discovered targets. From our perspectives, some of
the key points for accelerated early drug discovery for identification of tractable scaffolds
are,
i) unbiased holistic clustering with importance to both chemical and biological properties
Dr Srinivasa Rao,
ii) prioritizing series with structure activity relationship density analysis (broader potency
Novartis Institute for and property distribution)
Tropical Diseases.
iii) early characterization of series in disease-relevant in vitro assays and mice efficacy with
PK-PD analysis.
These helped us in prioritizing few series with potential to cure HAT. One of the series belong
to “proteasome inhibitor class” that showed pan-kinetoplastid activity in all pre-clinical mice
models. Another series (CT) showed fast sterilizing activity, which further translated into
promising single dose cure in CNS mice model of HAT. Comprehensive target identification
activities comprising many –omics approaches suggest that CT series could be inhibiting
nuclear DNA replication by affecting repair of double strand DNA breakage.

20

Setting our sights on infectious diseases

At the University of Washington, we have been pursuing drug discovery for trypanosomatid
infections following two strategies: target-based vs. non-target based. In the former, we
are targeting the methionyl-tRNA synthetase of pathogenic protozoa. The target has been
genetically and chemically validated, and a crystal structure is used to guide small molecule
drug design. The knowledge of the target is helping to understand and avoid potential
off-target effects. On the down-side, solving pharmacological problems was challenging
and working on an enzyme target creates the risk for mutations that could lead to drug
resistance. The non-target based project began with a phenotypic screen to identify
inhibitors of Trypanosoma brucei growth. Several distinct scaffolds were identified and
selected for further optimization based on favorable physicochemical and pharmacological
properties. Through traditional med-chem methods, nine scaffolds have been explored
Professor Frederick S. (over 5 years) leading to two that are now entering late-preclinical studies. The lead
Buckner,
compounds have trypanocidal activity and excellent pharmacological properties. One
series is refractory to drug resistance in vitro suggesting possible polypharmacy or a target
University of
that is not prone to mutations. On the down-side, without knowing the target it is more
Washington
difficult to anticipate potential side effects in the host. Further comparisons of the two
drug-discovery strategies will be discussed.

Synthesis of novel antimalarial and antitubercular
isonicotinohydrazides
Malaria and tuberculosis (TB) though curable and preventable, remain serious public
health problems globally, with devastating consequences. Co-infection of these two
deadly diseases worsens the situation and particularly makes treatment very difficult.
While the current mainstay for malaria treatment are gradually losing their potency due
to the development of resistance, Mycobacterium tuberculosis has developed Multidrug Resistance (MDR) and Extensive Drug Resistance (XDR) to current anti-TB drugs
due to patient incompliance resulting from long treatment regimen. A small library of
isonicotinohydrazide were synthesised by incorporating 1,2,4,5- tetraoxane and hydrazine
moieties. Evaluation of the compounds gave antimalarial activities in the range 0.060 ±
Dr Richard K. Amewu, 0.033 - 0.491 ± 0.012 µM against 3D7 strain of Plasmodium falciparum while antitubercular
activity against H37rv and Mycobacterium aurum strains of Mtb using Microplate Alamar
University of Ghana
Blue Assay (MABA). The tested compounds gave excellent results against H37rv with MIC’s
between 0.003–0.5 mg/mL but were inactive against Mycobacterium aurum.
Authors
Richard K. Amewu,
Crystal Funmilayo Ade
University of Ghana
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antiparasitic drug discovery: a tale of two strategies
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Drug-like properties, ligand efficiency-guided
optimisation, and their roles in anti-infective disease drug
discovery

Dr Paul D Leeson,
Paul Leeson
Consulting Ltd

It has been acknowledged that significant attrition and delay in clinical drug development
pipelines has been caused by poor compound properties such as inadequate
pharmacokinetics and poor solubility. Generic compound quality guidelines, such as the
rule of five, are not always helpful because differing drug binding sites on biological targets
can strongly influence the allowable physicochemical property ranges of their ligands.
The application of ligand efficiency measures, which quantify in vitro activities per unit
of a physical property such as size or lipophilicity, provides an improved perspective of
compound quality over physicochemical properties alone. Thus, candidate drugs and
approved drugs are frequently amongst the most ligand efficient for their specific target,
based on measures using both size (ligand efficiency, LE) and lipophilicity (ligand lipophilic
efficiency, LLE). This is seen even with drugs having extreme physicochemical properties,
such as those breaking the rule of five, for example the new raft of drugs for treatment of
hepatitis C virus. The desirable optimisation destination in the property efficiency space
of a novel target can be anticipated once enough screening data is available, usually in
the hit to lead phase. Simple potency versus property plots with LE and LLE values allows
visualisation of possible optimisation trajectories from initial hits to candidates. The
approach is applicable to the complex phenotypic screens which are commonly employed
in anti-infective drug discovery, as will be shown by a survey of some existing anti-parasitic
drugs and candidate drugs. In conjunction with a clearly defined candidate target profile,
and the application of multiparameter ADMET optimisation, trajectory analysis can help
to refine drug design options, prioritise synthesis, and reduce the numbers of compounds
made.
Reference: Young, R.J.; Leeson, P.D. Mapping the Efficiency and Physicochemical Trajectories of
Successful Optimizations. J. Med. Chem. 2018, 61, 6421–6467.

Data Science in the discovery of novel anti-Infectives
The strategies used in the discovery of anti-infectives is both similar and distinct to the
challenges of discovering drugs for chronic human target conditions. It is clear that
the properties of both the targets – in terms of mechanism of action, and often the
physicochemical properties of the drugs themselves are distinct.
Previous comprehensive analyses of historical data have led to various strategies such
as the prioritization of targets that are have no orthologues in the human genome, or the
selection of compounds that are more ‘antibacterial like’ for screening, in that they are
larger and more polar, breaking the classic Lipinksi Rule of Five. These strategies have
had, in aggregate, little impact in the discovery of novel validated antibacterial targets. It
Dr John Overington, is therefore timely to review and challenge some of these assumptions that have typically
Medicines Discovery shaped data driven approaches.
Catapult
Specifically the presentation will attempt to address the following questions:
1. Is antibacterial chemical space distinct from human-targetted drug space?
2. How important is the lack of an orthologue in human for successful targets?
3. Are there informatics approaches to the discovery of novel combinations?
4. How can AI and Data Science address resistance?
5. Are we on the verge of realising the importance of cryptic pathogens in disease.
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1. Artemisone, a potent pan-reactive antimalarial that synergizes redox imbalance in
P. falciparum transmissible gametocyte stages
Dina Coertzen1, J. Reader1, M. E. van der Watt1, R. K. Haynes2 and L. Birkholtz1

1. Department of Biochemistry, Centre for Sustainable Malaria Control, University of Pretoria, Private Bag X20, Hatfield, 0028, South
Africa; 2. Centre of Excellence for Pharmaceutical Sciences, Faculty of Health Sciences, North-West University, Potchefstroom,
South Africa

Malaria remains the most important parasitic disease, due to a high disease incidence and mortality
associated with a remarkable loss in annual GDP. Although, chemotherapy, coupled with vector control, has reduced
malaria disease mortality remarkably, emerging drug resistance towards currently used Artemisinin combination
therapies, warrants the need for novel antimalarial therapies. These therapies should not only target the proliferative
asexual stages, but also the transmissible gametocyte stages of Plasmodium falciparum parasites to block
transmission of parasites between the host and mosquito. In addition, novel combination therapies should have activity
against current field resistant strains as well as slow down the rate of resistance formation through targeting novel drug
targets within P. falciparum parasites. Artemisinins are oxidant-active drugs through their bio-reduction and release of
labile oxygen, oxidising reduced flavin cofactors of flavin disulphide reductases, which are essential for
maintenance of redox-homeostasis in P. falciparum parasites. Using a novel artemisinin derivative, artemisone, we
showed potent activity against asexual proliferative and sexual transmissible gametocyte stages of the parasite.
Albeit with slower kill-kinetics against mature stage gametocytes compared to the asexual stages, this pan-reactivity
makes these prerequisite drugs for blocking transmission of the parasite to the mosquito. Furthermore, co-treatment of
this compound with a pro-oxidant redox partner drugs such as methylene blue (MB) and Naphthoquinone derivatives,
showed notable synergism particularly against mature gametocyte stages. Therefore, the induction of oxidative
stress by artemisone is sustained and even enhanced by the redox cycling action of these partner drugs in mature
gametocytes. Thus, we show that redox-homeostasis is essential to maintain gametocyte viability prior to transmission,
making it an ideal and novel drug target in P. falciparum parasites.
Through utilizing these redox-active coupled partner drugs, that are dual-active against the proliferative and
gametocyte stages, we aim to further develop a novel triple drug combination strategy through combining the
redox-active drugs with a novel third partner drug with a different mechanism of action. Through this triple drug
combination approach it will enable the ability to target multiple stages of the parasite’s life-cycle for effective disease
treatment, blocking of parasite transmission whilst limiting drug resistance formation.

2. Effects of co-administration of benidipine and clofazimine with benznidazole in an animal
model of chronic Chagas disease
Maria Laura Sbaraglini1, C.L. Bellera1, Y. Areco2, C. Carrillo3, B. Buchholz4, J. Kelly4, R. Gelpi4, A. Talevi1,
C.D. Alba Soto2.

1. Laboratory of Bioactive Research and Development (LIDeB), Medicinal Chemistry, Department of Biological Science, Exact
Sciences College, National University of La Plata (UNLP), 47 & 115 (B1900AJI) La Plata, Buenos Aires, Argentina; 2. Institute of Sciences
and Technology Dr César Milstein (ICT Milstein), Argentinean National Council of Scientific and Technical Research (CONICET),
Buenos Aires, Argentina; 3. Institute of Microbiology and Parasitology (IMPaM-UBA CONICET), Department of Microbiology, School
of Medicine, University of Buenos Aires (UBA), Buenos Aires, Argentina; 4. Cardiovascular institute of pathophysiology, Pathology
Department, School of medicine, University of Buenos Aires (UBA).

Only two drugs are currently available to treat Chagas disease, namely, benznidazole and nifurtimox. Both require long
treatments, display severe side effects and have controversial efficacy in adults in chronic stage. Therefore, safe and
efficacious treatment alternatives are required. Through computer-aided drug repurposing, our group has identified
two drugs of clinical use with trypanocidal activity: benidipine and clofazimine. Both of them showed promising results
in vitro and in vivo, including murine model of acute and chronic Chagas.
In this study we tested the combinations of clofazimine or benidipine with benznidazole in a murine model of chronic
infection, using the myotropic strain of T. cruzi K98. We studied the effects of the treatments in electrical activity of the
heart, skeletal and cardiac muscle inflammation and parasite load in blood. We compared combinations of a low dose
benznidazole (30mg/kg/d) with clofazimine (30 mg/kg/d) or benidipine (15 mg/kg/d) versus the reference drug
benznidazole (75 mg/kg/d or 30 mg/kg/d). Non-treated animals were used as controls. All treatments showed a
reduction in parasitic load in peripheral blood vs untreated control. Moreover, the clofazimine combination achieve
lower parasitic burden than the monotherapy with benznidazole 30mg/kg/d. None of the treatments achieved sterile
cure. Combination therapies showed no significant differences in heart rate, length of RR, QT and RP intervals between
groups. At the histopathological level, they showed a beneficial effect over benznidazole 75 mg/kg/day in terms of
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3. Capryol-integrated nanostructured lipid carrier improves the pharmacodynamics of
artemisinin-based combination therapy in mice infected with Plasmodium bergei
Frankline C. Kenechukwu1,2, J.A. Ugwuoke1, P.A. Akpa1, M.A. Momoh1, A.A. Attama1

1. Drug Delivery and Nanomedicines Research Group, Department of Pharmaceutics, University of Nigeria, Nsukka 410001, Enugu
State, Nigeria; 2. Universidade Federal do Rio de Janeiro, Instituto de Macromoléculas Professora Eloisa Mano, Av. Horácio Macedo,
2030 Centro de Tecnologia, Bloco J Cidade Universitária, 21941-598 Rio de Janeiro, Brazil.

Malaria, a vector-borne disease caused by Plasmodium, poses an enormous burden on global health and economies
with 300–500 million people being infected annually and over a million people dying of the disease. Given the
increasing resistance to World Health Organization approved fixed-dose combination first-line treatment for malaria artemether- lumefantrine (AL) coupled with the emergence of new parasites, scarcity of new drug combinations
approved in recent times, non-specific localization to intracellular parasites, resulting in high dose requirements and
subsequent intolerable side effects which eventually lead to patient non-compliance, drug formulation researchers/
scientists are seeking new ways to enhance malaria pharmacotherapy. One candidate for serious consideration is the
use of nanostructured lipid carriers (NLC), a formulation technique that has shown improved drug bioavailability and
patient compliance, prolonged systemic circulation time of formulations, targeted drug delivery and reduced
undesirable side effects with reduced potential for drug resistance. This study explored the potential of AL-loaded
capryol- integrated NLC as an improved oral malaria chemotherapeutics.
The capryol-integrated AL-loaded NLCs were prepared from tailor-made hydrolipophilic bases containing beeswax and
Phospholipon® 90H (as solid lipid) with capryol-PGE 860 (as liquid lipid) along side the drugs and other excipients, using
high-shear hot homogenization, and thereafter evaluated in vitro for physicochemical performance and stability. In vivo
antimalarial activity was done employing a standard suppressive protocol in Wistar mice using chloroquine sensitive
strain of Plasmodium berghei (NK-65), while hematological and histological studies were performed on major organs
implicated in malaria.
Results revealed proper solubilization of AL and good drug-loading as well as compatibility of the drugs and excipients
employed in the study. The developed NLC was stable, spherical, polydispersed but nanometric. Capryol-based NLC
had higher clearance of parasitemia and more sustained antimalarial activity, with no relapse, than Coartem®
(commercial sample of AL) and chloroquine phosphate tablets, stabilized the hemoglobin and packed cell volume after
treatment and also ameliorated the liver and kidney complications of the malariogenic mice.
The results highlight that AL-loaded caprol-integrated NLC could be more effective in total parasitemia clearance than
standard AL-loaded antimalarials, and thus could be pursued as a new sustained-release delivery system for improved
oral malaria chemotherapy.
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inflammation markers. All treatments seem to improve inflammation markers in cardiac muscle compare to the
untreated group.
Thus, with the help of computational tools, we have found new trypanocidal compounds with potential against
American trypanosomiasis, with a minimal investment of time and resources. Co-administration of benidipine or
clofazimine with benznidazole diminishes parasitic load in blood tissue and improves inflammation markers in muscle.
Combination treatment displayed some advantages, and it could be an alternative strategy to reduce the dose and/or
duration of conventional treatments, possibly enhancing the beneficial effect of monotherapy.
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4. Discovery of novel falcipain 2 inhibitors by in silico guided drug repositioning
Lucas Nicolás Alberca1,2, S.R. Chuguransky1,2, C.L. Álvarez3, E. Salas-Surduy4. A. Talevi1,2

1.Laboratorio de Investigación y Desarrollo de Bioactivos (LIDeB), Facultad de Ciencias Exactas, Universidad Nacional de La Plata;
2. Consejo Nacional de Investigaciones Científicas y Tecnológicas (CONICET); 3. Instituto de Química y Fisicoquímica Biológicas,
Facultad de Farmacia y Bioquímica, Universidad Nacional de Buenos Aires; 4.Universidad Nacional de San Martin (UNSAM)

Malaria is a life-threatening condition that continues being one of global leading causes of death worldwide, being the
main cause of death globally in the 5-14 year-old population. The disease is caused by parasites from the Plasmodium
genre. The emergence of Plasmodium falciparum resistant strains with reduced sensitivity to the first line
combination therapy have led to renewed interest in novel therapeutic options. In this work, our objective was the
identification of novel Falcipan-2 (FP2) inhibitors through the application of an in silico approach and the subsequent
in vitro evaluation of the emerging hits. FP2 is a key cysteine protease in the life cycle of P. falciparum constituting a
promising target in the search for novel therapies due to their significant hemoglobinase capacity.
We have developed a ligand-based model ensemble capable of recognizing FP2 inhibitors from non-inhibitors. This
ensemble has showed a powerful ability for the identification of FP2 inhibitors. The ensemble was applied in a virtual
screening campaign of DrugBank database to identify approved drugs with FP2 inhibitory activity. 4 hits were
acquired and tested against recombinant FP2 using a fluorogenic continuous enzymatic assay under balanced assay
conditions ([S]0/KM=1). The reversibility of the interaction, mode of inhibition and Ki were further investigated for
validated hits. Two drugs, Methacycline and Odanacatib, showed dose-dependent inhibition of FP2. Although both
inhibitors showed reversible interactions with FP2, the compounds displayed different inhibition mechanisms. Doseresponse analysis at growing substrate concentrations indicated that Odanacatib is a competitive inhibitor of FP2
(Ki=98.2 nM), whereas Methacycline displayed non-competitive behaviour (Ki=84.4 μM; α =1.42) being to our best
knowledge the first report of the inhibition of plasmodial cysteine proteases by a tetracycline derivative in a noncompetitive manner. To access the impact of Methacycline and Odanacatib on the intracellular parasite’s
development, parasite trophozoite forms were treated with the compounds for 48h and the parasitemia was analyzed
by light microscopy. Treatment of infected erythrocytes with the compounds caused inhibition in a dose-dependent
manner. These results demonstrate the utility of the in silico approach, since we could find two FP2 inhibitors with
antiplasmodial activity with a minimal investment of time and money.

5. Development of novel combination chemotherapy targeting bacterial genome stability
V. Amarh, P. K. Arthur

West African Centre for Cell Biology of Infectious Pathogens, University of Ghana, Legon-Accra, Ghana.

Quinolones have been used for successful treatment of a wide variety of bacterial infections. The success of these
drugs is attributed to the lethality of unrepaired DNA double-strand breaks (DSBs); quinolones form multiple and
persistent DSBs in the genome of bacterial pathogens. Incidentally, bacterial strains that are resistant to quinolones
have emerged, thereby obstructing efficient management of patients that relied on these drugs for chemotherapy.
While it is imperative to develop novel drugs against the emerging resistant bacterial strains, it is equally prudent to
ensure that pragmatic strategies are implemented during the initial phase of drug design to minimise the emergence of
drug resistant strains. As a first step towards the development of novel combination chemotherapy targeting
bacterial genome stability, a collection of organic extracts from diverse fungal sources were screened against a
DSB-repair deficient cell line of E. coli. The initial screen identified 28 organic extracts that exhibit antibacterial
activity via formation of DSBs. We reasoned that inhibition of DSB repair would exacerbate the sensitivity of E. coli to
very small dose of the novel DSB-inducing antibiotics that we anticipate to develop. Thus, the collection of organic
extracts were also screened against an E. coli cell line containing a system for inducing a site-specific DSB at the lacZ
locus of the chromosome. A total of 25 of the organic extracts, which were different from the selected DSB-inducing
extracts, exhibited antibacterial activity via inhibition of DSB repair. Large-scale fermentations of the individual fungi
which produced the selected organic extracts are being utilized to generate sufficient yield for identification of the
active components via bioactivity-guided fractionation. We also observed that the combination of streptomycin with
specific phenotype-modifying compounds caused an increase in the sensitivity of E. coli to DSBs. The antibioticcompound combination is currently being utilized as a tool for in-depth molecular analysis of the expression profile of
DSB repair genes in E. coli. The study highlights formation of DSBs and inhibition of the concomitant repair as a
suitable strategy for development of combination chemotherapy against infections caused by enterobacteriaceae,
which are priority pathogens for which new antibiotics are urgently needed.
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6. Towards the development of the next-generation of antibiotics from fungal sources
1.Department of Biochemistry Cell and Molecular Biology, P. O. Box LG54, University of Ghana, Legon-Accra, Ghana; 2. Department of
Biology, Institute of Molecular Systems Biology, ETH Zurich, CH-8049 Zurich, Switzerland.

Tuberculosis chemotherapy has two major challenges of being prolonged and limited by the rise of drug resistance. In
our ongoing project, a collection of 3000 fungi has been obtained and the screening so far has discovered
several substances from two of the fungal isolates. The fast-growing M. smegmatis is used in the screening
experiments, which is a good Mycobacteria model. To characterize the substances further to select the one that are
likely to be novel, we have generated a panel of multiple drug resistant M. smegmatis. Out of the 20 compounds
isolated so far, 6 have shown strong activity against the multiple drug resistant strains. We are scaling up the cultures
of the two fungal isolates to purify more of the compounds to conduct structural elucidation and further
microbiological studies. The next phase of our project use mass spectrometry-based proteomics to deconstruct drug
resistance and drug tolerance in multiple drug resistant M. smegmatis and dormant cell models of M. bovis BCG. The
understanding of the mechanisms of resistance will be applied through the use phenotypic arrays and proteomics to
study the mechanism of action of the new compounds. The compounds with new structures and new mechanisms of
action will be prioritized for proteomics-guided lead optimization to develop the next-generation of antibiotics. This
proteomics driven strategy of drug discovery and development, we believe will provide a viable option of combating
drug resistant infections globally.

7. Marinoquinolines as antimalarial agents: Design of new highly active and selective derivatives
Patricia Santos Barbosa1, G.G.D. Ortin1, R. D. Espirito Santo, G.E. de Souza2, A.C.S. Aguiar2, R.V.C.
Guido2, C.R.D. Correia1.
1. State University of Campinas, UNICAMP, Brazil; 2. University of São Paulo, USP, Brazil.

Marinoquinolines represent a new class of natural and unnatural compounds containing the uncommon
3H-pyrrolo[2,3-c]quinoline scaffold which has rarely been studied. In 2012, our research group reported the total
synthesis of the natural marinoquinolines A, B, C and E, and this synthetic procedure allowed the synthesis of new
unnatural derivatives. In light of these results, we have been working on the synthesis of new analogues in order to
find a new drug candidate for malaria. Herein, we describe a new series of marinoquinoline derivatives with in vitro
antimalarial activity (Pf3D7 strain). The marinoquinoline core was synthetized through a Pictet-Spengler reaction and,
after reduction of a nitro group; new derivatives were prepared by coupling them with several amino acids. Natural and
unnatural amino acids were utilized as building blocks for fast hit generation. The first marinoquinoline series showed
to be inactive to highly active (0.27-10 μM) and highly selective (15-400). Our best results were obtained when
evaluating compound A (L-tert-Leu; IC503D7 283 ± 83 nM; SI 60), B (L-Pro; IC503D7 327 ± 22 nM; SI 260) and C (N-Boc-D-Phe;
IC503D7 273 ± 83 nM; SI > 400). Based on these results, we selected compounds A, B and C for optimization, including the
addition of drug-like characteristics to them.

8. Results from a WCAIR trainee: Chemistry, DMPK and Biology
Luma Godoy Magalhães1,2, L. Webster1, O. Epemolu1, S. O’Neill1, J. Pisco1, L. Torrie1, M. Thomas1, M. De
Rycker1, K. Read1

1. Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, Division of Biological Chemistry and Drug Discovery, School of
Life Sciences, University of Dundee.; 2. University of São Paulo.

The Wellcome Centre for Anti-Infectives Research (WCAIR) training programme in drug discovery allows the learning
of all disciplines within the centre through the trainee allocation in real life research projects. As a trainee I spent 2
months performing the chemistry quality control and the purification of a set of substances, which involved learning
about LCMS, RMN (data generation and interpretation) and purification techniques. These compounds, that had a
set of in vitro biological data from my PhD project had their drug metabolism and pharmacokinetics (DMPK) profile
studied for the next 5 months, which led me to learn how to set-up, validate, perform, treat and interpret data from
more than 10 in vitro DMPK assays. I also shadowed the in vivo PK samples generation, performed the bioanalysis
and learned how to generate the PK parameters. During the following 4 months I got involved in a project with the
biochemistry team to improve my biology skills and learn how to work in a high throughput screening environment. It
was developed an enzymatic assay to the lysyl-tRNA synthetase T. cruzi (TcKRS) protein. This assay proved to be robust,
miniaturized, automated, cost-effective and as simple as possible. The set-up was approved through an oral peer
review of the assay, after which a standard operation procedure (SOP) document was established. A set of compounds
was screened against the protein and 107 inhibitors presenting pIC50 values between 4.3 - 8.5 were identified. The
activities were compared to the activities against the P. falciparum KRS enzyme and to the T. cruzi phenotypic assay. A
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good correlation was observed between the activities against the PfKRS and the TcKRS. Furthermore, the TcKRS assay
identified as active a set of 12 compounds that was inactive against the PfKRS but active in the T. cruzi phenotypic
assay. The results showed that the assay is robust, reproducible, has a good correlation with the phenotypic assay and
can be useful to spot differences between inhibitors of the Plasmodium and Trypanosoma KRS enzymes. A full report
about the assay development and compounds screening was also registered in the DDU system. Due to confidentiality,
not all data or compounds structures will be disclosed, but using key results I intend to present the learning,
achievements and growth from my trainee period.

9. Phenotypic Screening for Malaria Drug Discovery
Irene Hallyburton1, Mark Anderson1, Fanny Escudie2, Esperanza Herreros2, Didier Leroy2, David Gray1
1. Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, University of Dundee; 2. Medicines for Malaria Venture

On a firm reputation of drug discovery for malaria, the Drug Discovery Unit has been awarded a contract to work with
Medicines for Malaria Ventures to be their first line, Blood Stream Malaria testing centre for new potential anti-malaria
compounds produced by MMV funded projects across the world. We continue to strive, with our partners, to improve
the quality and throughput of our assay and to add value to data provided where possible. This poster will describe our
basic assay with developments and adaptations which can be made to add depth to the output.

10. Antibacterial activity of new eugenol derivatives against multidrug resistant Acinetobacter
baumannii
M. Kit Kay, K. Masnah Banu, P. Mallikarjuna Rao
International Medical University, Kuala Lumpur, Malaysia

The increased occurrence of multidrug-resistant (MDR) Acinetobacter baumannii strains poses a challenge to
medicinal chemists to discover new antibiotics. The clinical isolates of A. baumannii were collected from Intensive Care
Units of local hospitals. All the isolates were characterised using analytical profile index (API). The strain differentiation
was done using multilocus sequence typing (MLST). Further studies were proceeded by selecting at least one
representative strain from each category. The antibiotic resistance profile of these strains was determined and the
strains that showed the resistance to at least five (5) conventional antibiotics were proceeded further. The β-lactamase
activity of clinical isolates was evaluated using β-lactamase activity assay kit. A total of fifty new eugenol derivatives
were prepared by reacting eugenol with different acid chlorides in good yields and purity. The chemistry of the
derivatives was confirmed using spectroscopic techniques. The antibacterial activity of the derivatives was determined
using resazurin assay and the order of potency was determined based on minimum inhibitory concentrations (MIC).
Time-kill studies were performed to determine the kinetics. The combination effect of eugenol derivatives with
ampicillin (to which A. baumanni isolates were resistant) was determined through checkerboard assay. The
β-lactamase inhibitory activity of eugenol derivatives was determined using β-lactamase activity inhibitor assay kit.
The clinical isolates of A. baumannii were found to be resistant to most of the conventional antibiotics such as
ampicillin, ciprofloxacin, amikacin, trimethoprim, sulfamethoxazole, imipenem and sulbactam and the strains did
exhibit β-lactamase activity. The eugenol derivatives have shown the potent antibacterial activity against majority of
the strains with MIC values ranging from 0.05 to 12.8 µg/mL. Majority of the compounds showed synergistic effect while
few compounds exhibited additive effect with ampicillin. All the compounds possessed β-lactamase inhibitory activity.
The influence of substituents on antibacterial activity of eugenol derivatives was evaluated and few conclusions were
drawn through analysis of structure antibacterial activity of eugenol derivatives.
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11. A review of Malawian medicinal plants reported to possess anti-HIV activities
1. Department of Biomedical Sciences, College of Medicine, University of Malawi, P/Bag 360, Blantyre, Malawi; 2. Biology Department,
Chancellor College, University of Malawi, P.O. Box 280, Zomba, Malawi; 3. Chemistry Department, Mzuzu University, P/Bag 201, Mzuzu
2, Malawi; 4. Africa Centre of Excellence in Public Health and Herbal Medicine, College of Medicine, University of Malawi, P/Bag 360,
Blantyre, Malawi.

Despite the Malawi Government efforts for management of Patients living with AIDS (PLWA), many still consult
traditional healers for their primary health needs. And currently, there has been an increase in advertisement in local
media about traditional healers claiming to heal AIDS patients in the country. Therefore, this study aims at reviewing
information available on Malawian plants reported to have anti-HIV activity.
Search engine on several online databases such as PubMed, Science Direct, and Google Scholar was used to identify
medicinal plants with anti-HIV activity. The plants found from this search were then matched with published and
unpublished ethnobotanical survey data and database on “Flora of Malawi”, “Chewa Medical Botany” by Brian
Morris”, “Useful Plants of Nyasaland by Jessie Williamson” and other sources.
The review study identified 91 plants belonging to 50 different families that are frequently used by Malawian as
traditional medicine for the treatment of various ailments such as sexually transmitted infections, diarrhoea/dysentery,
skin infections/rash, respiratory infection, cold/cough, fever, tuberculosis, herpes zoster and these plants have
demonstrated anti-HIV potential in vitro. The compounds/compound groups identified were categorized into eight
distinct groups of flavonoids, alkaloids, saponins, phenolics, lignins, xanthones, proteins and peptides.
The review study showed that some of the plants used in traditional medicine in Malawi, have been reported in
different studies to either have anti-HIV activity or other pharmacological activities. Therefore, there is need for an
extensive investigation on traditional based plant remedies already given to HIV patients in order to inform science.

12. Development of new anti-schistosomal drugs as potential histone methyltransferase
inhibitors
Gilda Padalino1, I. W. Chalmers1, A. Brancale2, K. F. Hoffmann1

1. Institute of Biological, Environmental and Rural Sciences (IBERS), Aberystwyth University, Wales, UK; 2. School of Pharmacy and
Pharmaceutical Sciences, Cardiff University, Wales, UK.

As a component of an integrative strategy for pursuing schistosomiasis elimination, the identification and lead
progression of new anti-schistosomal drugs is vital. Our interest in exploring how epigenetic processes shape
schistosome development has identified an important role for histone modifying enzymes. Here, we summarise our
approaches used to identify histone methyltransferases (HMTs) as druggable targets and illustrate the optimisation
of GPV56 as an anti-SmHMT drug lead. Analysis of the Schistosoma mansoni genome for the presence of epigenetic
proteins involved in histone methylation and demethylation revealed 27 histone methyltransferases (SmHMTs) and
14 histone demethylases (SmHDMs). One SmHMT was selected for further studies due to its similarity to an essential
gene product in Caenorhabditis elegans and its inclusion as a TDR drug target. Molecular modelling of this SmHMT
and in silico docking of a compound library (4000 compounds) led to the selection of the GPV series. This series
contained more selective SmHMT docking characteristics when compared to the human homolog and was progressed
for in vitro anti-schistosomal screening. Iterative in silico docking followed by in vitro screening led to GPV56, a lead
compound displaying potent (schistosomula EC50 = 400 nM, adult worm EC50 = 50 nM) and selective activity (selectivity
indices, SI: 24 to 190) when compared to HepG2 cells. Medicinal chemistry optimisation of GPV56 led to the creation
of 20 derivatives with some representing entirely new chemical entities. Dose response titrations of these derivatives
identified examples displaying greater anti-schistosomal potency (e.g. schistosomula EC50 = 380 nM; adult worm EC50
= 2.6 nM), increased selectivity (SI: 225 for adult worms) and anti-fecundity activity. ADME (Caco-2 cell permeability,
plasma protein binding, microsomal metabolic stability, semi-thermodynamic solubility), genotoxicity (micronucleus
assays) and murine efficacy trials are currently ongoing. This portfolio of preclinical data will be used to further
progress GPV56 as a next generation anti-schistosomal.
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13. Proteolysis assessment in isolated P. falciparum living cells at the parasite blood stages
Laritza Rojas1, A. Budu2, S. El Chamy2, P. S. Melo2, M. M. Gomes3, A. K. Carmona2, M. L. Gazarini4,
M. Alonso del Rivero1

1. Center for Protein Studies, Biology Faculty, Havana University, Cuba; 2. Biophysics Department, Federal University of São Paulo,
São Paulo, Brazil; 3. Microbiology, Inmunology and Parasitology, Federal University of Sao Paulo, São Paulo, Brazil; 4. Biosciences
Department, Federal University of Sao Paulo, Santos, Brazil.

It has been demonstrated that proteases play crucial roles in P. falciparum infection and therefore they have been
considered as targets for the development of new therapeutic drugs. The aim of this work was to validate a
methodology for proteolysis quantification in all erythrocytic stages of P. falciparum isolated parasites. For this
purpose, we used the fluorogenic substrate Z-Phe-Arg-MCA (Z=carbobenzoxy, MCA= 7-amino-4-methyl coumarine)
and classic inhibitors for the different class of proteolytic enzymes as PMSF, 1.10-phenantroline, pepstatin A and E64 to
study the inhibition profiles. As expected, due to the high metabolic activity in mature stages, the substrate was mostly
degraded in the trophozoite and schizont with specific activities ~ 20 times higher than in early stages
(merozoite/rings). The major players in the substrate hydrolysis were the cysteine proteases, as confirmed by the
complete hydrolysis inhibition with E64 addition. The proteolytic activity was also inhibited in the presence of PMSF
in all but the schizont stage. However, PMSF inhibition was the result of unspecific interaction with cysteine proteases
as demonstrated by reversion of the inhibition by DTT, indicating that the serine protease activity is very low or null.
To our knowledge, this is the first report aiming to describe the proteolytic profile of Plasmodium falciparum isolated
parasites at all the erythrocytic cycle stages. The methodology described herein can be useful in the elucidation of the
mode of action of proteolysis-inhibiting drugs and aid in the development of antimalarial compounds with protease
inhibitory activity.

14. In vivo efficacy of Sertraline entrapped into nanoliposomes in an experimental model of
Visceral Leishmaniasis
Maiara Maria Romanelli1, Thais Alves da Costa-Silva1, Leandro R.S. Barbosa2, Andre Gustavo
Tempone1

1. Centre for Parasitology and Mycology, Instituto Adolfo Lutz, São Paulo, Brazil. Avenida Dr. Arnaldo 351, 8 andar, CEP 01246-000, São
Paulo, SP, Brazil; 2. Instituto de Física da Universidade de São Paulo, R. do Matão, 187 – Cidade Universitária, São Paulo - SP, 05508090, São Paulo, SP, Brazil.

Liposomes containing phosphatidylserine (PS) has been used for the delivery of drugs into the intramacrophage
millie. Leishmania (L.) infantum parasites live inside macrophages and cause a fatal and neglected viscerotropic
disease, with a toxic and limited treatment. In this study, sertraline was evaluated in in vitro and in vivo models, as
a free formulation (SERT) and entrapped into phosphatidylserine-liposomes (LP-SERT). LP-SERT showed a potent
activity against intracellular amastigotes with an IC50 value of 2 μM, with a rapid uptake by macrophages. The in vivo
efficacy of oral free sertraline demonstrated a therapeutic failure. However, when entrapped into negatively charged
nanoliposomes of 125 nm, it significantly reduced the parasite burden in the mice liver by 89% at 1 mg/kg, reducing the
serum levels of the disease-exacerbatory cytokine IL-6. Histopathological studies demonstrated in the treated group
the presence of an inflammatory infiltrate with the development of granulomas in the liver, suggesting the resolution
of the infection. After 48 h, biodistribution studies showed fluorescent-labelled LP-SERT in the liver and spleen of mice.
This study demonstrates the targetability and efficacy of PS-nanolipomes containing the antidepressant sertraline in
experimental VL. Support: FAPESP 2015/23403-9.
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15. QSAR Modelling of CCR5 and CXCR4 as potential dual antagonist HIV-1 entry inhibitors

1. Department of Pharmaceutical Chemistry, Institute of Pharmacy, NIRMA University, Ahmedabad 382 481, Gujarat, India;
2.Laboratory for Molecular Modeling, UNC Eshelman School of Pharmacy, University of North Carolina, Chapel Hill, NC, USA.

Despite the persistent efforts, the treatment for HIV-1 faces some hurdles like drug-bound and HAART (Highly Active
Anti-Retroviral Therapy) resistance, non-compliance, and cytotoxicity. Thus, there is an urgent necessity to develop
a new therapy to combat HIV-1. Recently, CCR5 has been recognized as a valid target after the approval of Maraviroc
(MVC) as an HIV-1 entry inhibitor. However, this drug has serious side effects such as neutropenia, anorexia, mental
illness and many more. It also suffers from resistance by shifting of tropism from R5 HIV-1 to X4 HIV-1 infection. Thus, if
both CCR5 and CXCR4 receptors are blocked at once we could combat MVC resistance that occurs through shift in
tropism. Hence, the concept of inhibiting both CCR5 and CXCR4 could prove to be beneficial in combating MVC
resistant strains. In order to develop a dual antagonist, QSAR models were generated for CCR5 and CXCR4. The data
from ChEMBL database containing 5,331 records reported for CCR5 and 1,570 records for CXCR4 was collected. After
curation, 1,104 compounds for CCR5 and 178 for CXCR4 were kept for modelling. Binary (pIC50 >7 = active) and
continuous QSAR models were developed individually for CCR5 and CXCR4 using Morgan, Dragon, and RDKit
descriptors with Random Forest algorithm. The consensus models were generated for both binary and continuous
models and applied for virtual screening of ChemBridge database. The consensus binary model for CCR5 have a
highly accurate predictive power of 0.85 whereas the consensus model has an acceptable predictive power of 0.67.
The consensus continuous model of CCR5 is accurate with a Q2 of 0.74 on the contrary consensus continuous model
of CXCR4 has a little poor accuracy with a Q2 of 0.53. The poor models of CXCR4 is due to the reason that the dataset
consists of very small number of compounds. The compounds retrieved as hits after virtual screening of all models will
be considered for in vitro experimental validation and as a dual antagonist for HIV-1 entry inhibitors.

16. Live cell rate-of-kill assay for the identification of clinically relevant drug leads for Chagas
disease
Nina Svensen, M.De Rycker

Wellcome Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee.
Chagas disease presents a serious health problem in Latin America and the available treatments have significant
toxicity and efficacy issues. Thus, there is thus an urgent need to develop new efficient, non-toxic and preferably oral
treatments. A major challenge in drug discovery for Chagas disease is that in vitro inhibition of parasite growth often
does not translate to in vivo efficacy.
In order to address this, we have developed a new screening assay that allows better prediction of the in vivo
efficacy. This assay is a live-cell high-content imaging assay, which determines high resolution rate-of-kill profiles
allowing prioritisation of fast acting cidal hits over slower acting or static compounds. We apply this novel assay to a
selection of compounds representing different hit series and test whether there is a correlation between rate-of-kill and
in vivo efficacy. This assay also provides understanding of cell toxicity caused by killing parasites as well as
accurate determination of replication rates. Additionally, we show that the rate-of-kill profiles correlate with the known
mode-of-actions of hit series, which allows validation that the mode-of-action is maintained as a hit series evolves. The
assay can also identify compounds with multiple, concentration-dependent mode-of-actions. Thus, this assay
represents a pragmatic answer to deselecting chemotypes with poor predicted in vivo efficacy and inappropriate
mechanisms of action early and efficiently.
Furthermore, we show that combination dosing of benznidazole and test compounds can yield increased rate-of-kill
and efficacy compared to the individual compounds. Such combinations offer opportunities for improved clinical
treatments by reducing the overall benznidazole dose and thereby potentially its associated toxicity.
Recent studies have revealed that an important reason why Chagas disease is difficult to cure is the presence of less
susceptible, slow or non-replicating persister parasites. Currently, there are no convenient in vitro drug discovery
assays available, which selectively detect intracellular non-replicating persistent parasites. In order to address this, we
have designed our assay to test the ability of new hits to kill persistent parasites.
In summary, our newly developed high time-resolution live rate-of-kill assay for Trypanosoma cruzi provides a new
powerful tool to guide Chagas disease drug discovery. Detailed understanding of rate of kill profiles will help expedite
selection of the most promising series for further development.
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17. A novel method for screening drug permeation in Mycobacteria
Caitlin R. Taylor1,2, M. Blaskovich3, T. Egan2,4, V. Mizrahi1,2,5, D. F. Warner1,2,5

1. SAMRC/NHLS/UCT Molecular Mycobacteriology Research Unit, Department of Pathology, University of Cape Town, Rondebosch
7701, South Africa; 2. Institute of Infectious Disease and Molecular Medicine, Faculty of Health Sciences, University of Cape Town,
Rondebosch 7701, South Africa; 3. Institute for Molecular Bioscience, University of Queensland, Brisbane QLD 4072, Australia; 4.
Department of Chemistry, University of Cape Town, Rondebosch 7701, South Africa; 5. Wellcome Centre for Clinical Infectious
Diseases Research in Africa, University of Cape Town, Rondebosch 7701, South Africa.

The paucity of novel compounds progressing to the clinic demands innovative approaches to tuberculosis (TB) drug
discovery. Currently, the very early preclinical phase relies on the demonstrated inhibition of Mycobacterium
tuberculosis growth in vitro, a resource-intensive and time-consuming approach which provides mostly binary data:
“inhibition” or “no inhibition”. Attempts to optimize physicochemical and pharmacological properties are undermined by
the inability of collaborating biology teams to provide medicinal chemists with actionable reasons for loss of
activity in derivative molecules modified at different sites on the core active pharmacophore. In turn, this risks
discarding promising molecules owing to inadequate information about their apparent inactivity. It is therefore
imperative to develop scalable methods that can elucidate the biology of permeation in mycobacteria, providing
empirical, systematic data that might inform drug design. We aimed to develop a novel screen capable of
differentiating mycobacterial cell wall-permeant drug-like molecules from those which fail to penetrate the bacillary
cytoplasm, potentially allowing for the development of a set of parameters to better define drug permeation in
M. tuberculosis. Utilizing a click chemistry-enabled system in combination with a comparative screen comprising cell
wall replete (CW+) wild-type mycobacteria and cell wall-deficient (CW-) derivatives, we predicted that comparison of
inhibitory efficacy in the two cell types might elucidate the impact of the cell wall on a compound’s activity. This is
enabled through the application of an intracellular probe that fluoresces only upon interaction with an azidefunctionalized drug. Preliminary data in the non-pathogenic Mycobacterium smegmatis utilizing a range of azidederivatized drugs supports the utility of this system, with key differences in killing efficacy observed between CW- and
CW+ mycobacteria. Moreover, microscopic analyses confirmed the correlation of quantitative fluorescence with drug
permeation. In differentiating potentially active pharmacophores lacking the requisite moieties to allow cell wall
permeation from those which are truly inactive against their target, the screen described here offers one approach to
streamline anti-TB drug discovery by ensuring that chemistry and biology resources are focused on those molecules for
which mycobacterial cell permeation has been eliminated as a confounding factor.

18. In vitro and in vivo anti-plasmodial properties of molucidin: a novel compound isolated from
morinda lucida benth
Tetteh-Tsifoanya Mark1, Botchie Kojo S1, Antwi Nyame A1, Agyapong J1, Azerigyik F1, Djameh Isabella
G1, Owusu Baffour-Awuah K1, Amoa-Bosompem M1,2, Kwofie Dadzie K.1,2, Tetteh T1, Ayertey F3, Addo
P1, Ayi I.1, Anyan W.1, Appiah A.3, Ofori M1, Uto T.4, Huu Tung N.4, Shoyama Y.4, Boakye D.1, Ohta N.2
Iwanaga S.2 and Ohashi M.1,2
1. Noguchi Memorial Institute for Medical Research, University of Ghana, Ghana; 2. Environmental Parasitology, Faculty of
Medicine, Tokyo Medical and Dental University, Yushima, Bunkyo-ku, Tokyo, Japan; 3. Centre for Scientific Research into Plant
Medicine,Mampong, Ghana; 4. Faculty of Pharmaceutical Sciences, Nagasaki International University, Nagasaki , Japan.

Malaria remains a global health issue due to the continuous presence of the vectors and parasites. In spite of
increasing efforts to control malaria, the disease possesses danger to public health and economic development of
both the tropical and subtropical regions in the world. The purpose of this study was to investigate the anti-plasmodial
properties of the Molucidin compound, together with other compounds (ML-2-3 and ML-F52) isolated from Ghanaian
Medicinal Plants, Morinda lucida in vitro and in vivo. In vitro anti-plasmodial assay was performed using 3D7, Dd2
and field isolates (MISA011) sampled from the Greater Accra region of Ghana. Molucidin, ML-F52, and ML-2-3 had
activity with IC50 values of 3.5µM, 1.5µM and 2.5µM against 3D7 strain, 27.6µM, 15.7µM, and 23.2µM against Dd2 and
8.9µM, 12.2µM and 6.6µM against the field isolate respectively. Also Molucidin, ML-F52 and ML-2-3 showed significant
inhibition on the schizont rupture of 3D7 strain with IC50 of 0.12µM, 0.069µM and 0.1µM, respectively. Phenotypic study
of Molucidin treated schizont stage of parasites revealed that Molucidin inhibited the maturity process of schizont
stage with intact inner and outer membranes. In vivo efficacy of the anti-plasmodial properties of the Molucidin was
determined using P. yoelli and ICR mice. Although Molucidin was found to suppress parasitaemia significantly, it
failed to show 100% cure with 5 days of 30mg/kg daily shot. Our study showed that Molucidin can be a potential lead
compound for the development of new chemotherapy.
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Marina T. Varela1, J.H.G. Lago2, A.G. Tempone3, J.P.S. Fernandes1

1. Federal University of São Paulo; 2. Federal University of ABC; 3. Adolfo Lutz Institute.

Chagas disease is an infection caused by Trypanosoma cruzi which is considered endemic in Latin America and it is
spreading to non-endemic areas such as North America and Europe. For over 50 years, only two drugs are
available – benznidazole and nifurtimox – efficient only during the acute phase and related to debilitating side effects.
The necessity for novel drugs, active in both acute and chronic phases of the infection, is notorious. Natural products
have historically been inspiration for biologically active molecules and often provide great scaffolds for drug design.
Two alkylphenols, gibbilimbols A and B, described in the leaves of Piper malacophyllum were the starting point for
designing the LINS03 series. The synthetic analogues proposed in this project aimed enhancing the drug likeness of
these natural prototypes and improving their potency. Therefore, 27 compounds functionalized in the alkyl chain (ester,
amide, amine, α,β-unsaturated ketone and alcohol) and containing different substitutents in the aromatic ring
(4-hydroxy, 4-methoxy, 3,4-dihydroxy, 3-methoxy-4-hydroxy) were prepared and their activity was evaluated against
trypomastigotes and amastigotes of T. cruzi and also their cytotoxicity to mammalian cells. Considering that a hit
compound should present at least an activity (EC50) <10 µM against amastigotes and a selectivity index (SI) >10 to the
parasite, four analogues were considered promising (EC50 1.3 – 6.8 µM and SI 17 – 35). The activities and selectivity
against trypomastigotes were also interesting. A SAR analysis suggested that the presence of a polar group in the
aromatic ring leads to higher activity, although the phenol group may provide higher cytotoxicity and lower selectivity
than the methoxy derivatives. The amines are highly active analogues, although they are more cytotoxic than the
neutrals, which leads to lower selectivity in some cases. The 3,4- disubstituted ester analogues were also active and
had better selectivity profile than the amines. This suggests that there is an optimal lipophilicity to achieve high
potency. Moreover, since the amines and the neutral analogues showed different activity profiles when the ring is
disubstituted, they may act through different mechanisms in the parasite. In summary, these compounds can thus be
considered more potent and promising than the natural prototypes.

20. The use of phenomics to generate mode of action fingerprints of antiplasmodial compounds
Jandeli Niemand, R.A. van Biljon, A. Joshua and L. Birkholtz

Institute for Sustainable Malaria Control, Department of Biochemistry, Genetics and Microbiology, University of Pretoria, Private Bag
x20, Hatfield 0028, South Africa.

High throughput screens using whole cell based assays are successful in identifying compounds with antiplasmodial
action. Ideally, to ensure that only compounds with novel biological effects are developed further, the compound
target (mechanism of action), or at a minimum, the biological response resulting from target inhibition (mode of
action, MoA) must be identified. This calls for inexpensive, easy to use technologies that can be employed to generate
mode of action fingerprints for each compound of interest. The phenotype of an organism refers to the complete
collection of observable characteristics, including biochemical, morphological and physiological characteristics.
Phenomics therefore refers to the collective characterisation and quantification of the various phenotypes of an
organism. Here, we investigated whether Phenotype MicroArrays™ for the global analyses of substrate use can be
applied as a typing tool for the biological response of intraerythrocytic Plasmodium falciparum parasites. Firstly, we
determined if differences in substrate use by the rapidly metabolising and dividing mature asexual parasites, the slowly
differentiating immature gametocytes and circulating, metabolically latent mature gametocytes resulted in clear
phenomes. Distinct phenotypic fingerprints were obtained, with asexual parasites highly metabolising a few substrates,
while late-stage gametocytes were diverse in their nutrient consumption but metabolise most substrates to a lesser
extent, consistent with the
different energy requirements during proliferation compared to differentiation. Subsequently, as proof-of principle, we
investigated whether this technique can also be used to generate distinct phenotypic fingerprints of asexual stage
parasites exposed to various antimalarial compounds. Global analyses of the resultant phenomes revealed distinct
phenotypic fingerprints (and thus MoAs) of parasites exposed to either chloroquine, dihydroartemisinin or
pyrimethamine. The work described here can be expanded to create a library of phenotypic fingerprints to compare the
MoA of new compounds and currently used antimalarial drugs, as well as to confirm that the MoA of a given compound
is maintained during the lead optimisation process.
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19. Alkylphenols as natural prototypes for molecular modifications: SAR study for antiparasitic
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21. Extending the small molecule similarity principle to all levels of biology
Miquel Duran-Frigola1, E. Pauls1, O. Guitart-Pla1, V. Alcalde1, M. Bertoni1, T. Juan-Blanco1, and P. Aloy1,2
1. Joint IRB-BSC-CRG Program in Computational Biology, Institute for Research in Biomedicine (IRB Barcelona), The
Barcelona Institute of Science and Technology, Barcelona, Catalonia, Spain. 2. Institució Catalana de Recerca i Estudis
Avançats (ICREA), Barcelona, Catalonia, Spain

The current availability of massive small molecule bioactivity data has not transformed drug discovery to the extent
‘omics’ data has transformed other biomedical sciences. Contrary to gene and protein data, compound data is
scattered and diverse, making it inaccessible to most researchers and not suited for standard statistical analyses. We
present the Chemical Checker (CC), a framework to digest and organize publicly-available compound bioactivities and
express them in a vector format that can be used off-the-shelf in daily computational drug discovery tasks. The CC
divides data into five levels of increasing complexity, ranging from the chemical properties of the compounds to their
clinical outcomes. In between, we consider targets, off-targets, perturbed biological networks and several cell-based
assays, including gene expression, growth inhibition and morphological profiles. As a result, the first outcome of the CC
is a neat account of the known bioactivity landscape of small molecules, quantifying the size and complexity of each
data type and the existing correlations between them. We then exploit the CC to measure and infer similarities between
compounds, moving beyond the traditional comparison of chemical structures by considering all the amassed
biological data. We demonstrate how this is useful to promptly achieve a number of drug discovery tasks such as
library optimization, mimicking and reversion of transcriptional signatures or anticipation of failures in clinical trials.

New Start Points and Targets
22. Synthesis of novel antimalarial and antitubercular isonicotinohydrazides
Richard K. Amewu1, Crystal Funmilayo Ade1, Dorothy Yeboah-Manu2, Isaac Darko Otchere2, Portia
Morgan2
1. University of Ghana; 2.Noguchi Memorial Institute of Medical Research

Malaria and tuberculosis (TB) though curable and preventable, remain serious public health problems globally, with
devastating consequences. Co-infection of these two deadly diseases worsens the situation and particularly makes
treatment very difficult. While the current mainstay for malaria treatment are gradually losing their potency due to the
development of resistance, M. tuberculosis has developed Multi-drug Resistance (MDR) and Extensive Drug Resistance
(XDR) to current anti-TB drugs due to patient incompliance resulting from long treatment regimen. A small library of
isonicotinohydrazide were synthesised by incorporating 1,2,4,5- tetraoxane and hydrazine moieties. Evaluation of the
compounds gave antimalarial activities in the range 0.060 ± 0.033 - 0.491 ± 0.012 µM against 3D7 strain of P. falciparum
while antitubercular activity against H37rv and M. aurum strains of Mtb using Microplate Alamar Blue Assay (MABA).
The tested compounds gave excellent results against H37rv with MIC’s between 0.003–0.5 mg/mL but were inactive
against M. aurum.

23. Drug discovery: in vitro evaluation of extracts from medicinal plant Balanites aegyptiaca
(Linn) Del for anti-Schistosoma cercarial properties
D. Yirenya-Tawiah1, Daniel Boamah2, D. Nukpezah1, C, Gordon1, W. K. Anyan3, M. Ofosuhene3
and A. K. Anang3

1. Institute for Environment and Sanitation Studies. College of Basic and Applied Science, University of Ghana, Legon, Ghana; 2.
Centre for Plant Medicine Research, Mampong-Akuapem, Ghana; 3. Noguchi Memorial Institute for Medical Research. College of
Health Science, University of Ghana, Legon, Ghana.

Schistosomiasis is a parasitic disease caused by schistosomes which manifests mainly in two forms; intestinal
schistosomiasis caused by Schistosoma mansoni, S. japonicum, S. intercalatum and S. mekongi which is associated
with bloody stool, and urinary (or urogenital) schistosomiasis caused by only S. haematobium with bloody urine.
Schistosomiasis continues to persist in many endemic communities with at least 206.4 million people needing
treatment in 2016 out of which 89 were treated with praziquantel. Successful control effort would largely depend on
prevention of cercarial penetration of the human skin at the point of water contact. There is scarce information on
preventive drug that is topically applied to prevent schistosomal cercaria from penetrating the human skin.
Medicinal plants offer unique platforms for novel drug discoveries useful for treatment and management of many
diseases including Neglected Tropical Diseases such as schistosomiasis.
The aim of this work was to screen medicinal plant extracts for anti-schistosomal activities. Aqueous (Aq), 70% (70EtoH)
and absolute ethanol (Abs) extracts were prepared from Balanites aegyptiaca stem-bark and tested against cercariae
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24. Discovery of antimalaria agents by targeting the mevalonate pathway
Eleonora Diamanti1, B. Illarionov2, K. Rox3, D. Andrews4, T. Schehl7, A. Honold2, M. Brönstrup3,
M. Fischer2, F. Diedrich5, M. Rottmann6, M. Witschel7, A.K.Hirsch1,8,9

1. Helmholtz Institute for Pharmaceutical Research (HIPS) − Helmholtz Centre for Infection Research (HZI), Department for Drug
Design and Optimization, Campus Building E 8.1, D-66123, Saarbrücken, Germany; 2. Hamburg School of Food Science, Universität
Hamburg Grindelallee 117, 20146 Hamburg; 3. German Centre for Infection Research (DZIF), Partner Site Hannover-Braunschweig and
Helmholtz Centre for Infection Research (HZI), Department of Chemical Biology, Inhoffenstr. 7, D-38124, Braunschweig, Germany;
4. University of St. Andrews, St Andrews KY16 9AJ, United Kingdom; 5. Laboratorium für Organische Chemie, ETH Zurich, VladmirPrelog-Weg 3, 8093 Zurich, Switzerland; 6. Swiss Tropical and Public Health Institute, Socinstrasse 57, 4002 Basel, Switzerland;
7. BASF-SE, Carl-Bosch-Strasse 38, 67056 Ludwigshafen, Germany; 8. Stratingh Institute for Chemistry, University of Groningen,
Nijenborgh 7, NL-9747 AG Groningen; 9. Department of Pharmacy, Saarland University, Campus Building E8.1, 66123 Saarbrücken,
Germany.

In view of the emergence of antimalarial resistance, there is an urgent need for the development of antimalarial agents
with a new mode of action and no-cross resistance to current drugs. The 2C-methyl-D-erythritol 4-phosphate (MEP)
pathway for the biosynthesis of the universal building blocks to obtain isoprenoids is essential for bacteria but absent
in humans. The validity of the MEP pathway as a source of antimalarial targets is demonstrated by fosmidomycin, an
inhibitor of the enzyme IspC, which is in clinical trials. Nevertheless, most of the inhibitors reported so far do not satisfy
all the parameters for a lead compound. Here, we report on a high-throuput screening (HTS) campaign against the
enzymes IspD and IspE, affording three chemical classes endowed with chemical novelty, in vitro potency on the target
and on PfNF54 cell line. Medicinal-chemistry optimization led to the identification of the m-sulfonamido-anilides class,
that targets the enzyme PfIspD (6098118, IC50 PfIspD = 15±4 mM; IC50 EcIspE = >500mM; IC50 PfNF54 = 230 ng/mL), the
aminothiazoles that inhibit the enzyme PfIspE, the fourth enzyme in the MEP pathway (6099092, IC50 PfspE = 93±19 mM;
IC50 PfNF54 = 154 ng/mL) and, the pyrazolamides which are true dual inhibitor against the PfIspD and EcIspE enzymes
(5289607, IC50 PfIspD = 84±6 mM; IC50 EcIspE = 22±4 mM; IC50 PfNF54 = 134 ng/mL). The latter class suffers from high
clearance in vivo and requires fine-tuning of the skeleton to optimize the PK parameters, while preliminary in vivo test
on Plasmodium berghei murine infection model for the m-sulfonamido-anilides and aminothiazole classes need further
investigations. However, the extensive medicinal chemistry work performed, allowed the identification of single-digit
nanomolar compound(s) in Pf cells.

25. Screening the pathogen box to discover new cruzain and rhodesain inhibitors: a combined in
silico and in vitro approach
Thales do Valle Moreira, L.C.Martins, R.S.Ferreira

Molecular Modelling and Drug Design Laboratory, Department of Biochemistry and Immunology, Institute of Biological Sciences,
Federal University of Minas Gerais.

High burden trypanosomal diseases of public health importance such as Chagas disease and African sleeping sickness
urge for safe and effective drugs. Respectively, cruzain and rhodesain are validated therapeutic targets and inhibiting
these proteases is a well-established strategy to treat these diseases. The Pathogen box gathers 400 meticulously
selected druglike compounds active against etiological agents of different Neglected Tropical Diseases.
In this study, the Pathogen Box was virtually screened against cruzain and rhodesain using the Schrödinger Small
Molecule Drug Discovery Suite. Different grids were prepared for both enzymes – 3 for rhodesain and 6 for cruzain – by
variating the ionization states of two key residues of their active sites (Cys25 and His162) and, for cruzain only, Glu208
as well. These 400 compounds were also experimentally screened against recombinant cruzain and rhodesain with and
without 10’ incubation. Inhibition was measured by monitoring the cleavage of the fluorogenic substrate Z-FR-AMC.
The purine-nitrile MMV676881 was the most potent compound in vitro, eliciting complete inhibition in all experiments
and, despite not ranking well in silico, its poses were consistent with the literature – especially in cruzain grids 5 and
6. Despite better ranked on rhodesain, the isomers MMV688179 and MMV688271 inhibited cruzain more significantly
(respectively 100% at 0’ and 10’ and 83% at 0‘) thus deserving to be further investigated both in silico and in vitro. Lastly,
MMV667494 also deserves to be further explored for it inhibited rhodesain activity in 73% after 10’.
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at concentrations of 1000 to 10,000 ppm in 24-well culture plate at room temperature. The cytotoxic activities of the
extracts on CHANG, PC-3 and MCF-7 cell lines were assessed by MTT assay.
The Aq at 10,000 ppm demonstrated high (100%) anti-cercarial activity by killing the cercariae (20 to 80/test) within 7
min and up to 36 min at 1,000 ppm. However, the cercariae incubated with deionized water only had a mortality rate of
10.4% even after 240 min. The Abs extract had IC50 values of >1000 µg/ml on PC-3 with 31.76 and 26.57 on MCF-7 and
CHANG cells respectively. While the 70EtoH recorded 40.01, 60.80 and 64.25 against PC-3, MCF-7 and CHANG cells
respectively. The IC50 for Aq were 44.96, 40.90 and 32.45 accordingly. While the curcumin control had 4.69, 15.22 and
11.67 against PC-3, MCF-7 and CHANG cells respectively.
Extracts showed promising anti-cercarial activities that can be explored further for development of novel anti-cercarial
drug that could be topically applied on the skin of population at risk to prevent cercaria penetration.
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26. Development of chemical probes and on-target cellular assays to enable
Aminoacyl-tRNA Synthetases as targets for drug discovery against leishmaniasis
Caio.V.Reis1, R.C.Silva2, R.P.Sant’Ana2, L.G.V.Gelves2, C.E.Mowbray3, J.M.Kratz3, G.Barreiro2,
K.B.Massirer1,4, R.M.Couñago1,4

1. Structural Genomics Consortium, State University of Campinas, Brazil; 2. Eurofarma Laboratories S/A, Innovation Department,
Brazil; 3. Drugs for Neglected Diseases initiative (DNDi) Geneva, Switzerland; 4. Center for Molecular Biology and Genetic
Engineering, State University of Campinas, Brazil.

Visceral leishmaniasis is a potentially fatal disease with a worldwide distribution, in Asia, East Africa, South America and
the Mediterranean region. Unfortunately, available treatments have serious drawbacks in terms of safety, resistance,
stability, and cost. They have low tolerability, long treatment duration, and are difficult to administer. Moreover, they
result in high rates of relapse and/or PKDL which fuel transmission. As a result, they are not suitable for the elimination
of the disease for which the development of new chemical entities (NCEs) is of paramount importance.
Currently, there are few molecules in preclinical development against Leishmania. Aminoacyl-tRNA
synthetases (ARSs) are responsible for charging specific tRNAs with their appropriate amino acids and as such are
key enzymes for living organisms. Indeed, at least one ARS inhibitor is currently in clinical use as an antibacterial.
Previous investigations suggest a similar approach might be effective against Leishmania – gene knock-out studies
indicate at least two ARSs are essential to the parasite. To further explore these enzymes as therapeutic targets, we
have cloned, expressed and purified a panel of 8 Leishmania ARSs previously shown to be essential in the related
parasite Trypanosoma brucei (AlaRS, HisRS, IleRS, LysRS, MetRs, PheRS, ProRS, and ThrRS). We used a thermal-shift
assay and identified hit compounds for two of these targets - MetRS and ThrRS; from a library of bioactive compounds
against Trypanosomatidae. We have obtained co-crystals for both proteins bound to hit compounds and are currently
pursuing their structural characterization. To increase the odds of identifying tractable initial chemical matter, we
will employ a fragment screening approach using both crystallography and weak affinity chromatography coupled to
mass spectrometry. Compounds identified from both strategies will be validated in enzymatic assays and optimized
based on co-crystal structures. We expect to generate chemical probes against all selected ARSs. These molecules
will be used to validate these enzymes as therapeutic targets against the parasite. Presently, the lack of a cellular
target-engagement assay is a major gap in Leishmania drug discovery. Thus, we are also developing an assay to detect
the on-target activity of developed ARSs inhibitors in macrophage-residing amastigotes. We expect this work to put
forward a solid set of tools and reagents to enable drug discovery in Leishmania using ARSs as targets.

27. Evolution of griselimycin-based fragments as sliding clamp DnaN binders via dynamic
combinatorial chemistry
Walid. A. M. Elgaher1, A. Schulte1, P. Lukat2, J. Herrmann3, N. Reiling4, W. Blankenfeldt2,
R. Müller3,5, A. K. H. Hirsch1,5

1. Helmholtz Institute for Pharmaceutical Research Saarland (HIPS) - Helmholtz Centre for Infection Research (HZI), Department of
Drug Design and Optimization, Saarbrücken, Germany; 2. HZI, Department of Structure and Function of Proteins, Braunschweig,
Germany; 3. HIPS - HZI, Department of Microbial Natural Products, Saarbrücken, Germany; 4. Research Center Borstel, Leibniz Center
for Medicine and Biosciences, Borstel, Germany; 5. Department of Pharmacy, Saarland University, Saarbrücken, Germany.

Griselimycin (GM) is a macrocyclic depsipeptide isolated from Streptomyces strains. It has potent antimycobacterial
activity, especially against drug-resistant Mycobacterium tuberculosis (Mtb). Recently, the bacterial target of GM
was revealed to be the β-sliding clamp DnaN. Although synthetic GM derivatives showed improved potency and
pharmacokinetic properties, the high lipophilicity and narrow antibacterial spectrum of GMs have not been optimized
yet. Hence, we are interested in the discovery of new chemical classes of antibiotics targeting DnaN with optimized
physicochemical properties and a broad-spectrum activity owing to the highly conserved structure of DnaN in
bacteria. We exploited the structural information of Mtb DnaN–GMs cocrystal structures and those of DnaN bound
to DNA polymerase to identify the motifs of GM essential for DnaN binding. Chemical modification of the GM-based
fragments was carried out through dynamic combinatorial chemistry permitting a DnaN-guided selection of the best
binding ligands. In order to explore a larger part of the chemical space for DnaN binders, we increased the structural
diversity of the dynamic combinatorial library by including synthetic building blocks. Hits were characterized in terms
of their antibacterial activity and affinity to DnaN by using SPR. The resulting new small molecules display improved
physicochemical properties and potent activity against Mtb accompanied with no cytotoxicity on the macrophages.
Furthermore, the antibacterial spectrum was extended to include Gram-positive and Gram-negative species. These hits
establish the basis for the development of novel antibiotic classes to combat the antibiotic resistance problem.
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Daiane. D. Ferreira1, T.A. Costa-Silva2, F. S. Sousa3, A. C. Torrecilhas4, D. M. Johns5, O. Epemolu6,
K. Read6, J. H. G. Lago2, E. A. Anderson7, A. G. Tempone1

1 Center for Parasitology and Mycology, Adolfo Lutz Institute, São Paulo, Brazil; 2 Center for Natural and Human Sciences, Federal
University of ABC, São Paulo, Brazil; 3 Institute of Environmental, Chemical and Pharmaceutical Sciences, Federal University of São
Paulo, São Paulo, Brazil; 4 Department of Pharmaceutical Sciences, Federal University of São Paulo, Diadema, Brazil; 5 Department
of Biomedical Sciences, Carlson College of Veterinary Medicine, Oregon State University, Oregon, USA; 6 The Wellcome Centre for
Anti-Infectives Research, School of Life Sciences , University of Dundee, UK; 7 Chemistry Research Laboratory, University of Oxford,
Oxford, UK.

Chagas disease affects more than 8 million people in developing countries and the available therapy is old and highly
toxic. Considering Brazil has one of the biggest biodiversity in the world, compounds from the flora can contribute
as new pharmaceutical prototypes. Neolignans, isolated from the plant Nectandra leucantha, previously showed
anti-Trypanosoma cruzi activity and served as the basis for the semi-synthesis of a series of 24 analogues. In vitro
studies demonstrate that 19 compounds caused no cytotoxicity in mammalian cells up to 200 μM. Six compounds
showed activity against trypomastigotes (IC50 8 to 76 μM) and 8 compounds against intracellular amastigotes (IC50
7 to 16 μM). Studies of the structure activity relationships (SAR) showed that the presence of at least one allylic side
chain was important for anti-T. cruzi activity and that the phenol group was not essential. Compound 8 was chosen
for mechanism of action studies as it was effective against both forms of the parasite and eliminated 100% of the
intracellular amastigotes. Compound 8 rapidly affected the mitochondria of T. cruzi, causing an intense depolarization
of the mitochondrial membrane potential, with decreasing levels of reactive oxygen species. Nevertheless, it affected
neither the permeability nor the electrical potential of the plasma membrane. Scanning electron microscopy studies
also revealed a cellular morphology without alterations in plasma membrane. Flow cytometric analysis showed
no alteration of the cytokines IL-6, IL-10 and the chemokine MCP-1 after treatment of infected macrophages with
compound 8. In silico predictive models of physicochemical properties, identified a metabolic instability for compound
8 due to the presence of the ester group, which were corroborated by in vitro models of stability in mouse plasma.
These neolignans represent promising structures for the study of new hits against T. cruzi and future optimization is
required to address the pharmacokinetic issues.

29. Pyrazolopyrimidine inhibitors of Trypanosoma cruzi methionyl-tRNA synthetase,
possible new treatments for Chagas disease
Rafael A. A. Ferreira1,2, L. A. Webster2, J. Post2, J. Hobrath2, L. S. Torrie2, D. Robinson2,
M. Thomas2, M. De Rycker2.

1. Institute of chemistry - University of Campinas; 2. Wellcome Centre for Anti-Infectives Research, Division of Biological Chemistry
and Drug Discovery, School of Life Sciences, University of Dundee.

Chagas disease, also known as American trypanosomiasis is an endemic disease in 21 countries in the
Americas. It accounts for 7 million infected people and over 70 million at risk, including the ones in developed
countries, as consequence of migration. Annually, approximately 14,000 people die due to complications resulting
from the disease. The current treatment options for Chagas disease are Benznidazole and Nifurtimox, both have
variable curative effects, with best results for the short acute stage (first 2 months). These drugs have a long duration
of treatment (about 60 days) and frequently patients discontinue the treatment due to occurrence of side effects.
Furthermore, the levels of resistance to these therapies have been increasing in different regions. All these issues
highlight the need for developing new chemical entities that target Chagas disease with no or less side effects, and
efficacious in all stages of the disease.
One target in Trypanosoma cruzi (T. cruzi) is the enzyme methionyl t-RNA synthetase (MetRS). MetRS is involved in
protein synthesis through catalysis of acylation of tRNA with methionine, a crucial pathway for survival of all organisms.
This target is highly conserved across trypanosomatid parasites and has been validated animal models of Human
African Trypanosomiasis (HAT). Based on these we have prioritized T. cruzi MetRS for a target-based drug discovery
programme.
Target-based screening led to the identification of a pyrazolopyrimidine series as a good starting point for further
development. The screening hit “DDD01831849” showed moderate potency against T.cruzi MetRS and interestingly,
crystallography showed binding to a newly identified allosteric pocket. DDD01831849’s activity was not limited to
T. cruzi, with favorable potency also found in Leishmania donovani. Our main goal was to use structural information
and computational predictions to improve the potency of this series against T.cruzi MetRS. Here, we present the
synthesis and biochemical data of a set of analogues and show how they increased our understanding of the structureactivity relationship of the series.
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28. Brazilian flora metabolites as a source for new semi-synthetic hits against
Trypanosoma cruzi
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30. Monoallelic expression and epigenetic inheritance sustained by a Trypanosoma brucei
variant surface glycoprotein exclusion complex
Joana Faria, Lucy Glover#, Sebastian Hutchinson†, Cordula Boehm, Mark C. Field and David Horn

Wellcome Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee, Dow Street, Dundee DD1 5EH, UK.
#Current address: Trypanosome Molecular Biology, Department of Parasites and Insect Vectors, Institut Pasteur, 25-28 Rue du
Docteur Roux 75015, Paris, France. †Current address: Trypanosome Cell Biology Unit, INSERM U1201, Department of Parasites and
Insect Vectors, Institut Pasteur, 25-28 Rue du Docteur Roux 75015, Paris, France.

The largest gene families in eukaryotes are subject to allelic exclusion, but mechanisms underpinning single
allele selection and inheritance remain unclear. Here, we describe a protein complex sustaining variant surface
glycoprotein (VSG) allelic exclusion and antigenic variation in Trypanosoma brucei parasites. VSG exclusion 1 (VEX1)
binds telomeric VSG-associated chromatin and VEX2, an ortholog of nonsense-mediated-decay helicase, UPF1. VEX1
and VEX2 assemble in an RNA polymerase-I transcription-dependent manner and sustain the active, sub-telomeric
VSG-associated transcription compartment. VSG transcripts and VSG coats become highly heterogeneous when
VEX proteins are depleted. The DNA replication-associated chromatin assembly factor, CAF-1, binds and specifically
maintains VEX1 compartmentalisation following DNA replication. Thus, the VEX-complex controls VSG-exclusion, while
CAF-1 sustains VEX-complex inheritance in association with the active-VSG. Notably, the VEX2-orthologue and CAF-1 in
mammals have also been implicated in exclusion and inheritance functions. In trypanosomes, these factors sustain a
highly effective and paradigmatic host immune evasion strategy.

31. KBE009: An antimalarial bestatin-like inhibitor of the Plasmodium falciparum M1
aminopeptidase
Jorge González-Bacerio1, S.E.C. Maluf2, Y.Méndez1, I.Pascual1, I.Florent3, P.M.S.Melo2, A.Budu2,
J.C.Ferreira2, E.Moreno4,5, A.K.Carmona2, D.G. Rivera1, M.Alonso del Rivero1, M.L.Gazarini2

1. University of Havana, Cuba; 2. Federal University of Sao Paulo, Brazil; 3. University of Sorbonne, France; 4. Centre for Molecular
Immunology, Cuba;. 5. University of Medellin, Colombia.

Malaria is a global human parasitic disease mainly caused by the protozoon Plasmodium falciparum.
Increased parasite resistance to current drugs determines the relevance of finding new treatments against new targets.
A novel target is the M1 alanyl-aminopeptidase from P. falciparum (PfA-M1), which is essential for parasite development
in human erythrocytes and is inhibited by the pseudo-peptide bestatin. In this work, we used a combinatorial
multicomponent approach to produce a library of peptidomimetics and screened it for the inhibition of recombinant
PfA-M1 (rPfA-M1) and the in vitro growth of P. falciparum erythrocytic stages (3D7 strain). Dose-response studies with
selected compounds allowed identifying the bestatin-based peptidomimetic KBE009 as a submicromolar rPfA-M1
inhibitor (Ki = 0.4 µM) and an in vitro antimalarial compound as potent as bestatin (IC50 = 18 µM; without promoting
erythrocyte lysis). At therapeutic-relevant concentrations, KBE009 is selective for rPfA-M1 over porcine APN (a model
of these enzymes from mammals), and is not cytotoxic against HUVEC cells. Docking simulations indicate that this
compound binds PfA-M1 without Zn2+ coordination, establishing mainly hydrophobic interactions and showing
a remarkable shape complementarity with the active site of the enzyme. Moreover, KBE009 inhibits the M1-type
aminopeptidase activity (Ala-7-amido-4-methylcoumarin substrate) in isolated live parasites with a potency similar to
that of the antimalarial activity (IC50 = 82 µM). The antimalarial effect of KBE009 over a P. falciparum 3D7 transgenic
strain, over-producer of PfA-M1, is more than 42 times lower than toward the wild-type strain. This strongly suggests
that the antimalarial effect is directly related to the inhibition of the endogenous PfA-M1. These results support
the value of this multicomponent strategy to identify PfA-M1 inhibitors, and make KBE009 a promising hit for drug
development against malaria.

32. Assay development for leucil-aminopeptidase from Trypanosoma cruzi using RapidFire Mass
Spectrometry
Maikel Izquierdo Rivero1, D. Lin2, S. O’ Neill2, L. Webster2, M. E. Aguado1, A. Hope2, M. Zoltner2,
J. González1, M. Field2

1. Centre for Protein Studies (CEP), Faculty of Biology, Havana University; 2. Wellcome Centre for Anti-infective Research, School of
Life Sciences, University of Dundee.

The American trypanosomiasis better known as Chagas disease is a systemic infection caused by the protozoan
Trypanosoma cruzi. It is estimated 56,000 new cases and 12,000 deaths annually in the Americas region in 21
countries. The chemotherapy of the disease is still inadequate. Several proteases involving in vital processes for the
survival of parasites such as invasion, migration, nutrition, immune response evasion and immunomodulation have
been described. The presence of the leucyl aminopeptidase (Tc-LAP) in the three life stages of the parasite indicates
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33. New approaches to studying the GPI biosynthesis pathway in T. brucei: uncovering the
missing links
Zhe Ji, Michele Tinti, Samuel Duncan, Maria Lucia S. Güther, Michael A. J. Ferguson

Wellcome Centre for Anti-infective Research, Division of Biological Chemistry and Drug Discovery, School of Life Sciences, University
of Dundee.

The bloodstream form of Trypanosoma brucei (T. brucei) is coated with glycosylphosphatidylinositol (GPI) anchored
variant surface glycoprotein (VSG). These GPI anchored VSG homodimers act as the first line of defence for the
parasites and undergo antigenic variation leading to persistent infection. The bloodstream form parasite also expresses
an essential GPI-anchored transferrin receptor. A lot is known about GPI anchor biosynthesis in T. brucei, indeed the
first studies of GPI anchor structure and biosynthesis were performed on this organism and these methodologies were
subsequently applied to mammalian cells, yeast and other organisms. Despite conservation in the core structure of
almost all GPI anchors across eukaryotic evolution, notable differences occur between the T. brucei and mammalian
GPI anchor biosynthetic pathways making this pathway a possible a drug target.
Here we present quantitative proteomics approach to try to identify proteins that catalyse key steps of GPI anchor
biosynthesis in T. brucei but are still unknown (“missing links”). Known components in this pathway were epitope tagged
with Myc sequences and co-immunoprecipitation (co-IP) was conducted with and without chemical cross-linking
using anti-Myc agarose beads. Associated proteins (putative “missing links”) were identified by label-free and SILAC
quantitative proteomics, respectively.
In this poster, I present data on the identification of proteins associated with TbdeAc2, the GPI anchor inositol
deacylase enzyme (1). In situ C-terminal tagging of TbdeAc2 with a 3Myc sequence allowed its immunoprecipitation with anti-Myc beads. Native-PAGE and Western blotting of the IP showed that TbdeAc2-3Myc was
present in a high-molecular weight complex. Subsequent experiments using SILAC quantitative proteomics identified a
single predominant protein that co-immunoprecipitated with TbdeAc2-3Myc. The same protein was also identified an
experiment using chemical cross-linking (to preserve membrane protein interactions) followed by anti-Myc pull-down
and label-free proteomics. This protein may represent a “missing link” in the GPI-biosynthetic pathway, or a regulatory
protein of TbdeAc2. We’ll perform a reverse pull down of this co-IP protein to confirm its association with TbdeAc2 and
perform functional studies to understand its role in the T.brucei GPI-biosynthetic pathway.

34. A Global Network for Neglected Tropical Diseases: Towards new therapeutic solutions for
Chagas Disease and leishmaniasis
Mags Leighton, S. Cobb,P. Denny, E. Pohl,P. Steel and G. Sandford
University of Durham

Whilst almost everyone has heard of malaria, mention Chagas disease or leishmaniasis and most faces are blank. The
~500 million people worldwide ‘at risk’ from these trypanosome-mediated, neglected tropical diseases (NTDs) is likely
an underestimate. These NTDs are associated with populations in extreme poverty across Asia, Africa and South
America, in remote, rural areas where data is under-recorded and clinical resources are limited. Infections are often
symptom-free, persisting undiagnosed for years before their consequences appear as heart, spleen or liver failure.
Infections are now spreading to new areas - including the southern US and Europe.
Our current treatments, non-specific chemotherapeutics, are over 40 years old, have limited efficacy, and themselves
can be lethal. We lack effective, simple-to-administer alternatives that combat the parasites without harming
patients. One reason behind this shortfall is that without parasite-specific molecules to use as targets in screens
for new compounds, the costs of drug development are prohibitive. Another reason is that trypanosomes have an
‘odd’ physiology, meaning that many standard genetic and cell biology techniques will not work in these organisms.
Relatively few researchers are available in endemic countries with the advanced skills required to identify and validate
these molecular targets.
The GCRF-funded, Global Network for Neglected Tropical Diseases, based in Durham and spanning South America, Asia
and the UK, has a mandate to find new drug targets for Chagas disease and leishmaniasis. The consortium, including
parasitologists, chemists, immunologists and structural biologists, share a vision for a worldwide collaborative network
that harnesses expertise from both academic and industrial partners. This combined approach is vital for attaining a
truly sustainable solution to these NTDs.
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its importance for one or several physiological processes. The objective of this work is to develop Tc-LAP enzymatic
assays for screening compounds. Using water soluble peptide substrate Leu-Ser-Thr-Val-Ile-Val-Arg (LSTVIVR) as
substrate, the RapidFire Mass Spectrometry assay provides higher signal to blank ratio, better assay performance than
biochemical assay with chromogenic Leucine- para-nitro-anilide (Leu-pNA) substrate and fluorogenic Leucine-7-amino4-methylcoumarin (Leu-AMC) substrate.
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The NTD Network supports multidisciplinary research collaborations between members via:
•
6-month, ‘pump priming’ projects
•
2-year, ‘proof of concept’ investigations
•
Researcher secondments
Funding opportunities for partners external to the Network include:
•
‘Seed corn’ industrial partnership projects
•
Training in CRISPR-Cas9 and other skills shortages for early career NTD researchers from endemic countries and
the UK
•
Themed symposia (e.g. as an addition to your specialist meeting)
•
Travel bursaries for meeting/conference attendance
•
PhD/PDRA positons
For further information and alerts for upcoming opportunities, sign up at https://ntd-network.org/.

35. Novel compounds with potent activity against the causative agent of Chagas Disease
McNamara, Nicole1, Rahmani, R1, Kessler, A2, Manzano-Chinchon, P2, and Baell, J1

1. Monash Institute of Pharmaceutical Sciences, Monash University, Parkville Victoria, Australia;
2. GSK, Tres Cantos, Madrid, Spain.

Chagas disease is caused by
Trypanosoma cruzi and is transmitted by
the bite of the vector Assassin Beetle, also
called the “Kissing Bug”. More than 10 million
people are infected with 14,000 deaths on
an annual basis. Chagas disease is the most
important parasitic disease in the Americas
and a bigger health problem in this region
than malaria. It has been estimated that
$1.3 billion is lost in wages and hindered
industrial productivity due to Chagas
disease.
Using whole-cell phenotypic assays,
GlaxoSmithKline (GSK) performed a highthroughput screening with a diverse set of
1.8 million compounds against three
kinetoplastids (Leishmania donivani,
Trypanosoma brucei and Trypanosoma
cruzi) resulting in identification of 500
non-cytotoxic anti-T. cruzi compounds. In
collaboration with the Tres Cantos Open Lab
Foundation, TCMDC-143279 (Figure) was chosen for further SAR studies. TCMDC-143279 exhibits high potency against
T.cruzi with a pIC50=6 and is also over 100 fold more selective for T.cruzi over mammalian cell lines (pIC50=4). The design
and synthesis of more active, selective and efficacious drug candidates will be discussed.

42

Setting our sights on infectious diseases

36. Drug target deconvolution in Plasmodium falciparum using thermal proteomics profiling
Wellcome Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee

Early identification of a compound’s mode of action can greatly benefit the discovery process. Thermal proteomics
profiling (TPP) is a powerful, unbiased tool that can be used to identify potential ligands of protein targets. TPP takes
advantage of the fact that a ligand binding to its target protein can significantly stabilise that protein, increasing its
melting temperature (Tm).
We previously optimised this technique for use in drug target deconvolution in the kinetoplastid parasite, Leishmania
donovani and here report the optimisation and validation of TPP in the malaria-causing parasite Plasmodium
falciparum. Briefly, parasite lysates were treated with vehicle (DMSO) or test compound and aliquots subjected to a
range of temperatures. The resulting soluble, non-denatured proteins were then derivatised with tandem mass tags
(TMTs) prior to LC/MS-MS analysis. Tm’s were calculated for all identified proteins in the presence and absence of test
compound.
Using this protocol, we confirmed that an in-house compound, believed to target lysyl tRNA synthetase
(Pf3D7_1350100; KRS) in P. falciparum, was acting “on-target” within parasites.

37. Anti-microbial and antioxidant activity of mango seed extracts
Susan O. Mintah1, D. Boamah1, J. K. Maukle2, F. Ayertey1, H. Brew-Daniels1, A. A. Appiah1,
A. Ocloo1.
1. Centre for Plant Medicine Research, Akuapem-Mampong, Ghana; 2. Accra Technical University, Accra, Ghana.

Infectious diseases caused by bacteria and fungi have been a major public health concern globally. In recent times
the increasing development of microbial resistance to first and second generation of antibiotics and other antiinfective agents have resulted in the continual efforts in drug discovery research. The stress and physiological damage
caused by reactive oxygen species have also become a cause for alarm. To effectively contribute to the treatments
of these health issues, there is the need to discover and develop affordable and effective agents to combat these
challenges. Over the years, research have shown that medicinal plants and other natural products have promising,
effective, affordability and limited or no side effects properties. One such medicinal plant is the Mangifera indica with
significance medicinal properties.
This study therefore investigated the antimicrobial and antioxidant properties of Mangifera indica seeds (mango
seed). Crude aqueous, absolute and 70% ethanol extracts of the mango seed were prepared using simple maceration
procedures. The agar well diffusion method was used to assess the antimicrobial activity of the extracts. Antioxidant
property of the extracts was also evaluated using the free radical scavenging assay involving
2,2-diphenyl-1 picrylhydrazyl (DPPH).
The results showed that aqueous, absolute and 70% ethanol mango seed extracts at various serial concentration of
200 - 12.5 mg/ml inhibited the growth of standard strains of Pseudomonas aeruginosa, Escherichia coli, Salmonella
typhi as well as Staphylococcus aureus with mean zones of inhibition ranging from 22.67 ± 0.58 to 11.33 ± 0.58 mm.
The results further showed that the extracts concentration of about 1 mg/ml exhibited remarkable antioxidant activity
with percentage scavenging activity of up to 88%. In conclusion, the aqueous, absolute and 70% ethanol of the mango
seed extracts highly exhibited antibacterial and antioxidant activities. It is expected that further studies aiming at new
drug discovery and development be conducted on this extract for the effective control of infections associated with
resistant organisms or the superbugs.
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38. Trypanosome RNA Editing Ligases: drug discovery and characterisation of structure activity
relationships
Zandile Nare1, M. Sardis1, S. Zimmermann1, M. Speake2, S. McElroy2, C. Smith3, M. Greaney3, V. Feher4,
R. E. Amaro4, J. Koszela5, M. Auer6 and A. Schnaufer1

1. Institute for Immunology and Infection Research, University of Edinburgh, UK; 2. European Screening Centre Newhouse, UK; 3.
School of Chemistry, University of Manchester, UK; 4. Department of Chemistry and Biochemistry, University of California San Diego,
USA; 5. Institute of Molecular Cell & Systems Biology, University of Glasgow, UK; 6. Institute of Quantitative Biology, Biochemistry &
Biotechnology, University of Edinburgh, UK.

Post-transcriptional mRNA editing by uridylyl insertion/deletion is a unique process which is essential for mitochondrial
gene expression in kinetoplastid parasites and therefore a potential drug target. We have previously shown that genetic
knock-down of key enzyme RNA editing ligase 1 (REL1), an essential component of the RNA editing core complexes, is
lethal in Trypanosoma brucei. Interestingly, knock-down of REL2, a paralog of REL1, suggests that it is not essential,
but the reason for this remains unclear. REL1 is highly conserved throughout kinetoplastids and its essentiality in
other pathogens like T. vivax, T. congolense, T. cruzi and Leishmania spp. is expected but needs to be experimentally
confirmed. The high-resolution crystal structure of the catalytic domain of REL1 shows a unique active centre with
a well-defined ATP binding site. The low sequence and structural similarity between REL1 and human DNA and RNA
ligases suggests the feasibility of developing highly specific REL1 inhibitors with little side effects. Recently, we
developed a new REL1 activity assay suitable for high-throughput screening (HTS) and a proof-of-concept screen
against the LOPAC library resulted in a hit rate of 1.7% and identified interesting REL1 inhibitors such as suramin and the
flavonoid myricetin. Additional high-throughput screening campaigns and initial hit optimisation efforts have led to the
identification of several promising series of small molecule REL1 inhibitors.
This project uses biophysical tools such as differential scanning fluorimetry, X-ray crystallography, surface plasmon
resonance, and on-bead confocal fluorescence nanoscanning to characterise REL-ligand interactions and explore REL
structure-function relationships. The results will broaden our understanding of the mechanism of RNA editing as well as
inform optimisation of the small molecule inhibitors we have already identified. Successful hit-to-lead development will
yield pre-clinical candidate compounds for the treatment of kinetoplastid diseases including African sleeping sickness
and the leishmaniases.

39. Naturally acquired immunity against immature Plasmodium falciparum gametocytes
K.W.Dantzler2, S.Ma3, Priscilla Ngotho1, T.Bousema3, M Marti1,2

1.Wellcome Centre for Integrative Parasitology, Institute of Infection, Immunity and Inflammation, University of Glasgow;
2.Department of Immunology and Infectious Disease, Harvard T.H. Chan School of Public Health;
3. Department of Biostatistics, Harvard T.H. Chan School of Public Health; 4. Radboud Institute for Health Sciences, Radboud
University Medical Center.

Recent scale-up of malaria control interventions has resulted in reduced global burden of disease making malaria
elimination a viable goal. This has boosted interest in developing vaccines targeting the sexual stages of Plasmodium
falciparum, gametocytes, that would block transmission to mosquitoes. Conventional transmission blocking vaccines
(TBV) target mosquito stage parasites by inhibiting their development within the insect vector. Targeting developing
gametocytes in the human host has great potential to reduce transmission and at the same time provide convenient
approaches to measure transmission-blocking immunity.
Neoantigens on mature asexual parasites enable tissue specific sequestration, and form key targets of protective
host antibody responses. Similarly antigens expressed on gametocyte-infected RBCs (giRBC) that enable gametocyte
sequestration in bone marrow and spleen and may be targets of host immune responses. These antibodies could
interfere with transmission by blocking gametocyte sequestration, by increasing gametocyte killing and uptake by
other immune cells.
We have carried out a systematic characterization of immune responses targeting developing gametocytes. Using
a protein array enriched with gametocyte antigens, we identified a subset of secreted gametocyte antigens whose
responses were correlated with transmission reducing immunity. We then characterized the stage specificity of
these protective responses in developing gametocytes. Immunofluorescence microscopy and flow cytomerty
confirms that early (stage I-IIA) gametocytes are recognized more than later gametocytes by immune sera. Using
mass spectrometry we identified candidate antigens and validated their surface expression by flow cytomerty and
live immunofluorescence microscopy. High antibody response to these secreted candidate antigens was negatively
correlated with gametocyte burden in people living in endemic areas suggesting functional importance in gametocyte
clearance. We have tested opsonic phagocytosis as a potential mechanism of antibody function in gametocyte
clearance.
Our study provides evidence for novel transmission stage immunity and offers a new class of potential TBV candidates.

44

Setting our sights on infectious diseases

40. Innovative approaches to drug-resistant tuberculosis
1. SAMRC/NHLS/UCT Molecular Mycobacteriology Research Unit, DST/NRF Centre of Excellence for Biomedical Tuberculosis
Research, Department of Pathology; 2. Institute of Infectious Disease & Molecular Medicine; and 3. Wellcome Centre for Infectious
Diseases Research in Africa, University of Cape Town, Rondebosch 7701, South Africa.

Various strategies have been adopted to identify novel compounds which are active against Mycobacterium
tuberculosis, the cause of tuberculosis (TB). Among these, the greatest resources have been invested in screening large
compound libraries for their inhibitory activity against the bacillus grown in vitro. A key advantage of this approach
is that it enables identification of active molecules that overcome intrinsic resistance mechanisms including the
impermeable mycobacterial cell wall, efflux, and xenobiotic metabolism. Moreover, by manipulating the nature and
composition of growth media and the in vitro environment, active molecules can be selected under “disease-relevant”
conditions. The limitation, however, is that the observed growth inhibition provides no direct insight into the mechanism
of action (MOA) of the effective molecules. To facilitate rapid MOA assessment, we are exploring the potential
application of multiplexed fluorescent reporter mutants as tool strains in primary screens. Our aim is to provide
preliminary MOA information simultaneously with whole-cell activity. In proof-of-concept work, we have generated
reporter strains that give a read-out of disrupted homeostasis at the level of three core mycobacterial cell functions:
cell wall homeostasis, respiration, and genome maintenance. To this end, reporter alleles were constructed comprising
fusions of the iniBAC promoter to enhanced Green Fluorescent Protein (iniB-eGFP), the cydABDC promoter to blue
fluorescent protein (cydA-eBFP), and the SOS-inducible recA promoter to eBFP (recA-eBFP), respectively. Preliminary
tests of these reporters against known and experimental anti-TB agents have confirmed their potential to elucidate
MOAs of growth inhibitory compounds in M. tuberculosis. Current work is aimed at optimizing multiplex assays in which
these and other fluorescence reporters are combined in pools, thus informing the selection of experimental hits that
should be prioritized for downstream assays in the TB drug discovery and development pipeline.

41. Chlorotonil, a potent antimalarial and antibacterial agent
Emilia Oueis1, A. Abou Fayad2, J. Hermann1, A. Andreas1, R. Müller1

1. Department of Microbial Natural Products, Helmholtz Institute for Pharmaceutical Research Saarland, Helmholtz Centre for
Infection Research and Department of Pharmaceutical Biotechnology, Saarland University, Campus E8.1, 66123 Saarbrücken,
Germany; 2. Department of Experimental Pathology, Immunology, and Microbiology, Faculty of Medicine, American University of
Beirut, Beirut, Lebanon.

There is currently an urgent need for new anti-infective drugs to tackle the multi-drug resistance problem. Ideally, these
would act on unexploited molecular targets and would have novel structural features to avoid any cross-resistance with
known antibiotics.
Chlorotonil A is a highly lipophilic macrolide possessing an unprecedented gem-dichloro-1,3-dione moiety within
its structure. It is produced by the Gram-negative soil-dwelling myxobacterium Sorangium cellulosum and can be
accessed in gram scales by fermentation. Chlorotonil B is a natural derivative with one chlorine atom and a keto-enol
group. Both natural chlorotonils show very good activity (low to mid ng/mL) on a range of Gram-positive pathogens,
including multidrug-resistant strains. Additionally, chlorotonil A exhibits very promising activity in the low nanomolar
range against the malaria parasite Plasmodium falciparum and chloroquine sensitive and resistant strains. It also
shows a very rapid onset of action in vitro, no variation in the IC50 at different starting parasitemia levels, and promising
gametocytocidal activity against mature stage (stage IV-V) gametocytes. Preliminary in vivo experiments in mice
showed that chlorotonil A is orally available with a displayed in vivo efficacy. Noteworthy, chlorotonil derivatives
displayed no significant toxicity on several cell lines.
The molecular target of chlorotonils is not known, but it is hypothesized they have a novel mode of action. Furthermore,
no cross-resistance with common antibiotic classes could be detected and attempts to develop resistant parasites in
vitro by drug pressure have of yet not been fruitful.
Natural chlorotonils have very poor water solubility, which hampers their further development. Given the difficult lowyielding total synthesis of these scaffolds, semi-synthetic routes were developed. The new derivatives exhibit improved
solubility and for some, improved antibacterial activity. In vivo toxicity experiments in zebrafish models showed the
superiority of the chlorotonil B derivatives. We postulate that this is caused by the monodechlorination of chlorotonil A
derivatives in vivo, a potentially toxic metabolic reaction. This is consistent with an in vivo metabolomics study in mice
and rats, where analysis of blood, urine, and faeces revealed the loss of a chlorine atom, hence, making chlorotonil B
the ideal scaffold for further development and studies.
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42. Drug target deconvolution studies in Leishmania donovani
Luciana Paradela1, Sandra Carvalho1, Julio Martin2, Ian Gilbert1 & Susan Wyllie1

1. The Wellcome Trust Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee, Dow Street, Dundee DD1
5EH, UK; 2. Global Health R&D, GlaxoSmithKline, Tres Cantos, Spain.

Visceral leishmaniasis (VL) is caused by protozoan parasites from the Leishmania genus and is potentially fatal if left
untreated. Despite its significant health impact, there are limited anti-leishmanial drugs available, with the lack of
validated drug targets a serious impediment to the development of effective treatments for these diseases. Wholecell phenotypic high-throughput screening of a set of 1.8 million compounds against L. donovani was performed by
GlaxoSmithKline and resulted in the generation of a Leish-box containing approximately 200 active compounds. Since
there is no information regarding the molecular targets and/or the mode of action (MoA) of these phenotypicallyactive compounds, comprehensive studies to determine their molecular targets are required. With this in mind, seven
promising Leish-box compounds were selected in order to carry out drug target deconvolution studies. Genomic
approaches have been applied and the new results are reported. Two promising hits, lanosterol synthase (LS) and a
hypothetical protein (HP), from studies with compound C5 were identified from two unbiased genomic approaches –
resistance generation followed by whole genomic sequencing and screen against a genome overexpression library. To
validate LS as the target of C5, parasites overexpressing LS were generated and showed a marked gain of resistance to
C5 and to an established LS specific inhibitor. These findings confirm LS as the first target validated in these studies.
Further investigation will be employed to better understand the impact of LS as a target in L. donovani parasites.

43. Therapeutic efficacy of butenafine nanomedicines in experimental cutaneous leishmaniasis
Luiz Felipe D.Passero1, A.B. Sousa2, J.A.Jesus2, Katerina Lalatsa3, M.D. Laurenti2

1. São Paulo State University (Brazil), São Paulo University (Brazil); 2. Medical School of São Paulo University; 3. University of
Portsmouth (United Kingdom).

The production of ergosterol lipid, important for the Leishmania membrane homeostasis, involves different enzymes.
This pathway can be blocked to azoles and allylamines drugs, such as the antifungal butenafine chloride. This drug
was active (in vitro) against L. (L.) amazonensis and L. (V.) braziliensis, the etiological agents of anergic diffuse and
mucocutaneous leishmaniasis, respectively. Based on the leishmanicidal activity of butenafine and considering the
absence of reports about the therapeutic potential of this drug in cutaneous leishmaniasis, the present work aimed
at analyzing the efficacy of butenafine chloride formulated in two different topical delivery systems, such as selfnanoemulsifying drug delivery systems (SNEDD) and in a SNEDD-based nanogel as well as in the free form in murine
cutaneous leishmaniasis. L. (L.) amazonensis infected BALB/c mice topically treated with SNEDD, nanogel or free
butenafine during 15 days presented lesser lesion size and parasitism when compared with the control. Furthermore,
animals treated with nanogel and free butenafine showed increased levels of IFN-gcytokine; histologically the skin of
animals treated with nanogel and Glucantime were in healing process. In addition, the therapeutic potential of nanogel
was similar with the potential of Glucantime. Based on these data, the antifungal drug butenafine chloride can be
considered an interesting repurposed drug for the treatment of cutaneous leishmaniasis.

44. Lysyl-tRNA synthetase as a drug target in malaria and cryptosporidiosis
João P. Pisco1, Sarah Niven1, Beatriz Baragaña1, Leah Torrie1, Barbara Forte1, Neil Norcross1, Chimed
Jansen1, Caroline Peet1, David Robinson1, Irene Hallyburton1, John Post1, David W. Gray1, Kevin D.
Read1, Christopher D. Huston2, Stephen Nakazawa Hewitt3,4, Ryan Choi3,4, Chris Walpole5, Wesley C.
Van Voorhis3,4, Ian H. Gilbert1

1. Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, Division of Biological Chemistry and Drug Discovery, University
of Dundee, Dundee, DD1 5EH, UK; 2. University of Vermont, Stafford Hall, 95 Carrigan Drive, Burlington, Vermont 05405, USA; 3.
University of Washington (UW), Center for Emerging and Reemerging Infectious Disease (CERID); 4. Seattle Structural Genomics
Center for Infectious Disease (SSGCID); 5. Structure-guided Drug Discovery Coalition (SDDC), Structural Genomic Consortium.

Aminoacyl tRNA synthetases have previously been identified as suitable drug targets against different parasites,
including Plasmodium falciparum (Pf), one of the parasites that causes malaria, and Cryptosporidium parvum (Cp),
which causes cryptosporidiosis. This family of enzymes catalyses the attachment of an amino acid to its cognate
tRNA molecule in a two-step reaction. First the amino acid is activated by ATP resulting in AMP-activated amino acid
with loss of pyrophosphate, and secondly the amino acid is transferred onto the tRNA. Taking advantage of structural
information, in this work we optimized a series of selective inhibitors of Pf and Cp lysyl t-RNA synthethase (KRS). We
identified a drug-like selective inhibitor of both Pf and Cp KRS capable of clearing parasites from mouse models of
malaria and cryptosporidiosis infection. Using a combination of crystallography, surface plasmon resonance (SPR) and
steady-state kinetics experiments we characterized the binding and mode of inhibition of the compound. Our results
demonstrated that the compound inhibits Pf and Cp KRS by binding to the ATP binding site, in the active site of KRS.
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45. Targeted depletion of RibF, a putative bifunctional FAD synthetase/ flavokinase in
Mycobacterium smegmatis
Mabule Lucas Raphela1, V. Mizrahi1,2, M.D. Chengalroyen1, D.F. Warner1,2

1. SAMRC/NHLS/UCT Molecular Mycobacteriology Research Unit, Department of Pathology and Institute of Infectious Disease &
Molecular Medicine, Faculty of Health Sciences, University of Cape Town, Observatory 7925, South Africa; 2. Wellcome Centre for
Clinical Infectious Diseases Research in Africa, University of Cape Town, Observatory 7925, South Africa

Tuberculosis (TB) remains the number one killer by an infectious disease globally: in South Africa alone,
approximately 22,000 deaths occurred in 2017 from TB, a figure which escalated to more than 56,000 deaths in the
presence of HIV co-infection. The need to identify new metabolic targets in essential mycobacterial pathways to
advance TB drug discovery and facilitate development of shorter treatment regimens therefore represents the primary
motivation for the work presented here.
We performed a functional characterization of ribF, an essential gene in the mycobacterial riboflavin (RF; vitamin
B2) biosynthetic pathway. Given RF’s role as core component of the essential flavin cofactors, FMN and FAD, we
hypothesized that silencing of ribF would disrupt the function of all mycobacterial flavoproteins, crippling numerous
(essential) critical processes within the bacillus. In addition, as has been described for Bacillus subtilis, we predicted
that the mycobacterial ribF homolog might play a role in regulating the RF operon.
Applying CRISPRi-mediated transcriptional knock-down, we generated an anhydrotetracycline-inducible ribF
hypomorph. Fluorescent tagging by the ORBIT system was used to infer localization of the recombinant RibF protein
within the cell, while live-cell imaging allowed an investigation of cell morphological alterations consequent on RibF
depletion and liquid chromatography-mass spectrometry (LC-MS) provided insights into its impact on selected
RF pathway metabolites. Drug susceptibility testing was also used to investigate any change in sensitivity of the
hypomorph to antimycobacterial agents with distinct mechanisms of action.
Consistent with other organisms, ribF was essential for in vitro growth of M. tuberculosis and M. smegmatis: depletion
of ribF following addition of anhydrotetracycline to growth media was cidal, with growth inhibition and subsequent lysis
of the RibF hypomorph observed via microscopy. In targeted metabolomics analyses, disruption of ribF was associated
with accumulation of the metabolite, RF, suggesting that the failure of this precursor to be converted to FMN and
FAD was the cause of the observed cell death. The downregulation of ribF also conferred enhanced susceptibility to
selective cell wall-targeting antimycobacterial agents. In summary, these data support the inferred essentiality of ribF
in mycobacteria, and so identify a possible target for new TB drug discovery.

46. Drug target validation for neglected diseases using CRISPR precision editing
Eva Rico, R. Wall, I. Lukac, F. Zuccotto, S. Wyllie and D. Horn

Wellcome Trust Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee.

CRISPR/Cas9 technology has revolutionised the world of genome engineering by allowing specific editing in many
different organisms, including the kinetoplastid parasites. These protozoan parasites are the causative agents of
neglected diseases such as sleeping sickness and nagana (caused by Trypanosoma brucei), Chagas disease (caused
by Trypanosoma cruzi) and leishmaniasis (caused by Leishmania spp.). We have established a highly efficient and
conditional CRISPR/Cas9-based system for Trypanosoma brucei. Our strategy achieves highly efficient precision
editing in just two weeks, allowing the generation of specific point mutations that generate resistant parasites, thereby
providing robust drug target validation. Initially, we validated the RNA-processing factor, cleavage and polyadenylation
specificity factor 3 (CPSF3), as the target of acoziborole, a non-toxic drug in advanced phase 2/3 clinical trials against
sleeping sickness. Precision editing, in combination with docking models, reveals the mode of action of acoziborole and
also explains specificity for the trypanosomatid enzyme relative to the human homologue. We have also implemented
a codon randomisation approach which allows to obtain, for a specific residue, any possible amino acid change
responsible for resistance. Acoziborole, now with an established mode-of-action, is likely to be key to the World Health
Organization’s target of disease control by 2030. We are now exploiting precision editing for the validation of further
clinical and pre-clinical candidates in both T. brucei and T. cruzi. Moreover, we are developing an All-Transient CRISPR
Gene edit approach (ATCG edit) for one-step and plasmid cloning-free precision mutagenesis. In this case, wildtype parasites are electroporated with a transient ‘kit’ containing all the components required for precision editing.
Implementation of these approaches should substantially enhance the drug discovery process for these neglected
diseases.
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The inhibitor demonstrated a competitive relation versus ATP with a Ki of 30 nM and an uncompetitive relation versus
L-lysine with a Ki of 200 nM. This indicates that the compound competes with ATP for the same binding site and that
it only binds in the presence of L-lysine, which is also supported by an increase in affinity in the presence of higher
L-lysine concentrations and a decrease in the presence of higher ATP concentrations, as observed by SPR. Altogether,
our data provides very strong validation of KRS as a drug target for Pf and Cp.
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47. Adventures in XChem – High throughput crystallography targeting tRNA synthetases
David A. Robinson, Paul K. Fyfe on behalf of the DDU Structural Biology Team and
Kinetoplastid Drug Discovery Group

Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, Division of Biological Chemistry and Drug Discovery, School of
Life Sciences, University of Dundee.

Aminoacyl-tRNA synthetases (aaRS) are a class of highly validated targets for the development of anti-parasitic drugs.
Each aaRS catalyses the formation of aa-tRNA in a 2 step reaction; firstly forming an aminoacyladenylate intermediate
from ATP and the specific amino acid, then activated amino acid is coupled to its cognate tRNA. Fragment based drug
discovery (FBDD) has been utilized to assay aaRSs from infective organisms to identify start points drug development.
Over 20 years FBDD has evolved from a niche hit discovery platform to an established mainstay of drug discovery.
Central to the success of FBDD is the ability to readily obtain structural information showing hit molecules bound
to targets of interest, primarily X-ray crystallography. Early work in the field focussed upon X-ray crystallography as
a primary hit discovery assay, however techniques such as NMR and SPR became the major screening platforms as
the field progressed. Driven by reduction in reagent requirements, increased data measurement capacity, automated
structure solution software and underlying sample tracking infrastructure, developed mainly by the Diamond Light
Source (DLS) synchrotron and the Structural Genomics Consortium XChem facility, X-ray crystallography again is at
the forefront of fragment screening. XChem methodologies have been used to screen aaRS targets of interest with
therapeutic potential.
In parallel with experiments carried out at the XChem facility at DLS we have built similar infrastructure in the home lab
to not only carry out high throughput crystal soaking in-house but to maximise useage of synchrotron beamtime by
mapping our informatics to those established at DLS.

48. New potential leads for Chagas disease and leishmaniasis from the Lead Optimization Latin
America (LOLA) Consortium
Bruna M. Soares1, P.Koovits1, P.Martinez1, C.Rezende1, R.Ferreira1, S.M.Duarte2, R.Krogh2,
L.L.G.Ferreira2, R.C. Chelucci2, L.G.Magalhães2, A.D.Andricopulo2, C.E.Mowbray3, J.M. Kratz3, L.C.Dias1.

1. University of Campinas, Campinas, Brazil; 2. University of São Paulo, São Carlos, Brazil; 3. Drugs for Neglected Diseases initiative
(DNDi), Geneva, Switzerland.

Leishmaniasis and Chagas disease are life-threatening illnesses considered neglected tropical diseases by the World
Health Organization. In total, over 1 billion people are at risk of leishmaniasis and Chagas disease worldwide and patient
numbers are growing every day. Since no immediate prospects for vaccines have been developed, drug therapy is the
only method currently available for the treatment of these diseases. However, none of the current drugs used for the
treatment are ideal due to their toxicity, high costs, difficult administration and/or variable efficacy.
Based on that, as part of our collaboration with the Drugs for Neglected Diseases initiative (DNDi), our group aims to
develop new drug treatments for Chagas disease and leishmaniasis that are efficacious and safe, and at the same
time accessible for patients. Through this partnership, we have been optimizing different chemical series, which were
initially identified through high-throughput screening, as potential leads for drug discovery programs. One of these
series includes the benzimidazole derivatives, for which we now have a suitable candidate for an in vivo proof-ofconcept study against Chagas disease and leishmaniasis.
Our initial hits DNDI0002673353 and DNDI0002673425 presented T. cruzi IC50 of 4.19 µM and 2.33 µM, respectively, low
selectivity and were metabolically unstable (mouse liver microsomes in vitro clearance of 378 µl/min/mg and
2267 µl/min/mg, respectively). Through several cycles of design and multiparametric optimization, it was possible to
obtain two new leads, LOLA308 and LOLA471, with improved potency and selectivity, in combination with suitable oral
exposure and tolerability to merit in vivo proof-of-concept studies.
On this occasion, we will present the latest and more promising results of our lead optimization program as part of our
ongoing efforts to develop clinical candidates for these diseases.
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Richard J. Wall on behalf of the Mode of Action group and the Drug Discovery Unit
Wellcome Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee

African animal trypanosomiasis, also known as nagana, is a disease complex caused by infection with the protozoan
parasites T. congolense, T. vivax, or T. brucei brucei. This disease in cattle and other pastoral animals places a
significant economic burden on some of the poorest parts of the developing world. While some treatments are
available, most suffer from significant issues including the emergence of drug resistance. Here, we describe efforts
to determine the mode of action of a chemical series demonstrating potential for the treatment of nagana. Chemical
proteomics, resistance line generation and a genome-wide RNAi library were used as independent and unbiased
approaches to identify the molecular target(s) of compounds within this series. All three approaches identified the
cyclin-dependent kinase, CRK12, as the likely target. CRISPR-Cas9 genome editing was used to validate the role of the
kinase in the mechanism of action of compounds within this series.

50. Search for potent inhibitors of Vitamin B6 pathway in P. falciparum
Mamta Yadev1, B.A. Rahul2, R. Kunal2, S. Dinkar1

1. Malaria Drug Discovery Laboratory, International Centre for Genetic Engineering and Biotechnology, Aruna Asaf Ali Marg, New
Delhi-110067, India; 2. Drug Theoretics and Cheminformatics Laboratory, Department of Pharmaceutical Technology, Jadavpur
University, Kolkata-700032.

Malaria is a life-threatening disease caused by parasites from Plasmodium genus, transmitted to human through
mosquito bite. According to World Malaria Report (2016), the most lethal P. falciparum accounted for 90% of global
cases with 92% of deaths in Africa. The emergence of drug resistant strains that have rendered first line drugs
ineffective emphasizes the urgent need to search for new lead compounds with novel targets. In the quest of novel
antimalarials, attention has been drawn on selective interference with the parasite’s metabolism without harming the
human host. In this respect, the parasite-specific biosynthesis pathways of vitamins offer promising drug targets.
Pyridoxal, despite being Vitamin B6, is used as a cofactor by enzymes catalyzing amino acid decarboxylation,
elimination, interconversion and transamination. Studies also showed its function as an anti-oxidant in quenching
ROS like 1O2 and O2- generated during hemoglobin digestion of malaria parasite. To identify inhibitors of pyridoxal
biosynthesis pathway, several libraries of compounds were docked in silico to the vitamin B6 synthesis enzyme, on two
different sites using two different softwares. Docking on active site of enzyme using Schrödinger GLIDE software and
blind docking to entire protein using Autodock vina resulted in selection of 19 and 38 compounds respectively with
docking scores ranging from -9.00 to -11.5. To validate the docking study, selected compounds will be taken for in vitro
enzyme inhibition assay and anti-plasmodial activity against CQ sensitive (Pf3D7) and resistant (PfINDO) strains of P.
falciparum. Moreover, cytotoxicity of active compounds will be performed against HEK293 and Hela cells lines. The
oxidative stress response of selected compounds (SI>10) will be measured using H2DCF-DA (2’,7’-dichlorofluorescein
diacetate) fluorescent probe. The curative, suppressive and prophylactic anti-malarial efficacy of lead compounds will
be evaluated in Plasmodium berghei (ANKA) infected mouse model. We anticipate at the end of the study to identify a
lead anti-malarial compound that can be further explored for antimalarial drug development.
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49. CRK12 is the target of a diaminothiazole series of compounds with potential for the treatment
of nagana
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51. T. cruzi phosphomannomutase and mannose-1-phosphate guanylyltransferase target
ligandability
Filip Zmuda1, S.M. Shepherd2, M.A.J. Ferguson1, L.S. Torrie1, M. De Rycker1.

1. Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, School of Life Sciences, University of Dundee, Dow Street,
Dundee DD1 5EH, United Kingdom;2. Protein Production Team, Wellcome Centre for Anti-Infectives Research, School of Life
Sciences, University of Dundee.

The Trypanosoma cruzi organism is responsible for Chagas disease that is endemic in Latin American countries and
is becoming more widespread due to migration. The disease can be associated with chronic complications following
infection with the parasite that in a subset of individuals may be fatal. Unfortunately, current treatment is limited to
poorly tolerated drugs that require prolonged dosing, which often leads to poor treatment uptake and treatment failure.
Therefore, there is a clinical need for new therapeutic agents that can mitigate these issues. One way to achieve this is
through a focused drug-discovery programme targeting a validated biochemical pathway that is essential for parasite
viability and/or virulence. The phosphomannomutase (PMM) and guanosine diphosphate-mannose pyrophosphorylase
(GDP-MP) enzymes are core components of the sugar glycoconjugate pathway, which has been shown to be important
for trypanosomatid virulence and/or viability.
In an attempt to evaluate the ligandability of these enzymes in T. cruzi, we have developed a series of high-throughput
colourimetric biochemical assays capable of interrogating the activities of either both the PMM and GDP-MP enzymes
simultaneously or the GDP-MP enzyme in isolation. The coupled PMM-GDP-MP assay was used to screen 18,117
structurally diverse compounds exploring drug-like chemical space and 16,845 small polar fragment compounds for
inhibitory activity. This resulted in 48 initial hits in the small polar fragment chemical space, which was further narrowed
down to 20 hits following confirmatory and technology interference counter-screening. Downstream enzymatic
deconvolution experiments revealed that the 20 hits were all inhibitors of the GDP-MP enzyme, with one compound
exhibiting an uncompetitive inhibitory mechanism.
Based on the above biochemical findings using small molecules from conventional drug discovery chemical space, the
T. cruzi PMM and GDP-MP enzymes were deemed not ligandable and poorly ligandable respectively. This highlights a
major challenge for exploiting these enzymes as therapeutic targets for Chagas disease.
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52. Developing therapeutics to reduce Cryptosporidium morbidity and mortality among children
in low-resource settings
Robert K.M. Choy and E.L. de Hostos
PATH, San Francisco, CA, USA

Cryptosporidium is a leading cause of diarrheal disease among impoverished children in low-resource settings. There
are no vaccines and only one drug (nitazoxanide) is approved for treatment of cryptosporidiosis. Nitazoxanide has poor
efficacy in malnourished children and is ineffective in severely immunocompromised patients. Therefore, there is an
urgent need for new treatments to reduce the burden of diarrheal disease and for their appropriate integration with
other interventions, such as oral rehydration, vaccines, and improvements in water, sanitation, and hygiene. In addition
to the substantial burden of acute diarrhea, there is an emerging understanding of the contribution of Cryptosporidium
to the chronic condition of environmental enteric dysfunction and its devastating sequelae of malnutrition, growth
stunting, reduced oral vaccine effectiveness, and cognitive dysfunction. In many endemic countries, the burden due to
chronic, asymptomatic infection may exceed that of acute diarrheal disease. This further underscores the need for new
interventions to reduce this burden.
PATH is a global organization that works to accelerate health equity by bringing together public institutions,
businesses, social enterprises, and investors to solve the world’s most pressing health challenges. This presentation will
provide two examples from PATH’s current portfolio of Cryptosporidium drug development projects.
Amino acid-tRNA synthetases represent promising targets for drug discovery. We will first present our efforts on lead
optimization of methionyl-tRNA synthetase (MetRS) inhibitors as novel therapeutics for treating cryptosporidiosis. We
have identified a lead compound with potent in vitro activity and efficacy in both mouse and calf models of infection.
This series also inhibits mammalian mitochondrial MetRS; therefore, we are working to increase selectivity and improve
its safety profile. These efforts will be guided by a clearer understanding of the pharmacokinetic/pharmacodynamic
properties of the series. Second, we will also present results of a high-throughput screen of a curated compound
collection from Celgene Global Health and a hit-to-lead program that rapidly generated in vivo proof-of-concept data.
Comparison of lead series with diverse pharmacokinetic properties in the interferon gamma knockout mouse model
was critical for selecting one series to advance to lead optimization.

53. Intracellular pharmacodynamic modelling (PDi) is predictive of the clinical activity of
fluoroquinolones against tuberculosis
Samantha Donnellan1, G Aljayyoussi1, A Ardrey1, E Moyo1, C Martinez-Rodriguez2, S A Ward1 and G A
Biagini1
1. Centre for Drugs & Diagnostics Research, Liverpool School of Tropical Medicine, Pembroke Place, Liverpool, L3 5QA, United
Kingdom; 2. Institute of Infection and Global Health, University of Liverpool, 8 West Derby Street, Liverpool, L69 7BE, United
Kingdom.

Clinical studies of new anti-tubercular drugs are costly and time consuming. Owing to the extensive TB treatment
periods, the ability to identify drug candidates based on their predicted clinical efficacy is vital to accelerate the
pipeline of new therapies. Recent failures of pre-clinical models in predicting the activity of fluoroquinolones
underlines the importance of developing new predictive tools that will optimise the design of future trials. Here, we
have used high content imaging screening and pharmacodynamic intracellular modelling (PDi) to identify and prioritise
fluoroquinolones for TB treatment. We show moxifloxacin (MXF) to be the most effective fluoroquinolone, and PDi
modelling-based Monte Carlo simulations accurately predict negative culture conversion (sputum sterilisation) rates
when validated against 8-independent clinical trials.
Additionally, PDi-based simulations were used to predict the risk of relapse. Our analyses show that the duration of
treatment following culture conversion can be used to predict relapse rate. These data further support that PDi-based
modelling offers a much needed decision-making tool for the TB drug development pipeline.
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54. NC3Rs (Refinement, Reduction, Replacement)
Erika Pinto, L. Ferguson, F. Simeons, S. Norval, L. Stojanovski, K. Read

Drug Discovery Unit, Wellcome Centre for Anti-Infectives Research, Division of Biological Chemistry and Drug Discovery, School of
Life Sciences, University of Dundee.

The 3Rs (Refinement, Reduction, Replacement) concept was developed by Russell and Burch 60 years ago and has
become firmly established in the foundations of national and international legislation regulating the use of animals in
scientific procedures.
At the DDU we have implemented the NC3R concept in a range of studies. As an example of refinement, we have
replaced the death endpoint readout routinely used in the rodent model of Chagas disease with our sensitive,
non-invasive bioluminescent imaging (BLI) model to evaluate the efficacy of novel therapeutic compounds and
better understand the parasite dynamics. If compounds are not efficacious, this model allows us to intervene before
death, markedly reducing animal suffering. Inclusion of integrated PK blood spot sampling in the rodent disease
model on the first and last day of dosing also allows integrated PKPD in infected animals and avoids need for satellite
pharmacokinetic groups.
An example of a reduction that we implemented is to use a single mouse to generate a full pharmacokinetic profile,
thus requiring just 3 animals for a study. With this model we reduce the animals needed as well as reducing interanimal variability. In the past, for a composite design of an 8 time point PK model, we used to require 24 animals. The
acquisition of highly sensitive UPLC-MS/MS has facilitated this.
And last but not least, for replacement we are investigating a flow through an in vitro PKPD device which will allow for
further triaging the number of compounds proceeding into in vivo efficacy studies. This has potential to save over 600
animals a year based on current metrics.
These improved working practices will be highlighted in the poster demonstrating the DDU’s advances, using this
framework.

55. Pharmacokinetic assessment of pyrazolopyridine derivative as a potential therapeutic agent
for visceral leishmaniasis.
Wahajuddin M1, Kar S2, Yadav PP3, Singh SK1

1. Pharmacokinetics and Metabolism Division1, Parasitology Division; 2. Medicinal and Process Chemistry Division; 3. CSIR-Central
Drug Research Institute, BS-10/1, Sector 10, Jankipuram Extension, Sitapur Road, Lucknow 226031, India.

Leishmaniasis is a chronic infection caused by an obligate intramacrophage protozoan parasite that belongs to
the genus Leishmania and has developed into a major health problem. Among all forms of leishmaniasis, visceral
leishmaniasis (VL) is the most serious form of the disease. Unfortunately, 90% of VL patients are present in just
six countries, viz., Bangladesh, Brazil, Ethiopia, India, South Sudan, and Sudan. It is characterized by irregular
bouts of fever, weight loss, enlargement of the liver and spleen, and anemia. There is an urgent need for effective
chemotherapeutics with improved pharmacological properties and minimal side effects.
To assess the stability of the compounds under different conditions, two most active pyrazolopyridine derivatives
(S013-064) and (S013-0610) from synthesized series were studied in simulated gastric fluid (SGF, pH 1.2) and simulated
intestinal fluid (SIF, pH 6.5). The metabolic stability of the molecules was also assessed in mouse S9 fractions to see the
contribution of the liver in the elimination of the compounds. Based on the in vitro stability studies, compound (S0130610) demonstrated better stability under different conditions compared to (S013-064).
Taking in to consideration of in vitro stability study results, in vivo pharmacokinetic study of S013-0610 has been carried
out upon oral administration at a dose of 50 mg/kg and concentration-time profile was generated. Pharmacokinetic
parameters were estimated by non-compartmental analysis of the data. The results show that S013-0610 shows fast
absorption (Tmax, 1.75 ± 0.50 h) with a peak plasma concentration level of 4.88 ± 0.61 μM (Cmax). The time required for its
systemic level to reduce to half (half-life, t1/2) was 4.81 ± 0.29 h, and the elimination rate constant (Ke) was found to be
0.14 ± 0.01 h–1. The apparent volume of distribution (Vd) was found to be 19.56 ± 2.36 L/kg, and clearance (Cl) was found
to be 2.84 ± 0.48 L/h/kg, indicating that the compound showed low clearance. The area under the concentration–time
profile (AUC0–∞) representing the total systemic drug exposure was 31.67 ± 6.22 h·μM. The pharmacokinetic parameters
indicate that compound S013-0610 has good oral exposure and can be a lead for further optimization.
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Local Information

We hope you will have the chance to explore some of Dundee during your stay. For more information visit
www.dundee.com/visit

Travel by Air

Dundee Airport has daily flights to and from London Stansted. Flights from elsewhere in the UK, or international airports, will land at one of four Scottish airports, with Glasgow and Edinburgh being closest. View
guides for public transport links from each airport to Dundee.

Travel by Rail

There are regular direct trains from Edinburgh Waverley to Dundee. All trains to Aberdeen (or Dyce) stop at
Dundee. Edinburgh Waverley is a main station with many facilities, such as places to eat, however you must
keep your luggage with you at all times.
Trains run between 05.30 and 23.09 and the journey takes 1 hour and 35 minutes. The cost of a standard
single fare from Edinburgh Stations to Dundee is £18.90. You must buy a ticket from a ticket machine on the
concourse as there are ticket operated barriers to reach the platforms. Tickets will be checked by an inspector on the train who will validate your ticket on-board during the journey.
It can be cheaper to book your train ticket in advance and pick it up at the station using the credit card you
used to pay as identification. Some advance tickets are only valid for particular train company services (e.g.
ScotRail or LNER). Please read the details on the ticket website carefully before buying.

Travel by Bus

There are regular buses from Edinburgh Bus Station to Dundee Bus Station. The Stagecoach X54 runs between 06:35 and 20:55 and the journey takes 2 hours and 20 mins. The cost of a standard single fare from
Edinburgh to Dundee is £16 (save money by asking for a DayRider for £11.20). You pay the driver in cash as you
board the bus.
Megabus buses to Dundee must be booked in advance from their website and can be cheaper, however if
you miss the bus you have booked you cannot use your ticket on a later journey and will have to pay again.

Further information on travel to Dundee with links to transport providers can be found at
https://www.dundee.ac.uk/travel/

Taxis

There are permanent taxi ranks in the Nethergate (City Centre), Riverside Drive outside the Train Station and
Trades Lane, outside the Bus Station. Otherwise you can pre-book taxis through one of the many local firms
for a full list visit https://www.taxisdundee.co.uk/
505050 Taxis		
Dundee City Taxis
Premier Taxis		
Teletaxis		

01382 505050		
01382 204060
01382 530530		
01382 669333

Bicycle Hire

Bikes can be hired from Bike & Go, South Union Street, Dundee. Hire is available from Dundee Station Ticket
Office. https://www.bikeandgo.co.uk/locations/scotland/dundee/

Car Parking

Car Parking on the city campus is for permit holders only. We strongly recommend that guests staying at
the Apex Hotel leave their cars at their accommodation and make their way on foot or by other means to the
conference venues.

Tourist Information

The VisitScotland Dundee Information Centre is located at 16 City Square, Dundee, DD1 3BG.
https://www.visitscotland.com/destinations-maps/dundee/, Tel 01382 527527.
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Local Attractions
The McManus Gallery
The McManus, Dundee’s Art Gallery and Museum, offers a
fascinating insight into Dundee and with 8 galleries to explore,
there is a wealth of information to discover in our exhibitions of
art, history and the environment. The Gallery has a café that
offers simple fare for lunch.
https://www.mcmanus.co.uk/

Discovery Point
A trip to Discovery Point is an adventure in its own right as
audiovisual shows, computer-based multimedia and displays
of the actual artefacts of the crew transport you to Antarctica.
Climb aboard Captain Scott’s ship RRS Discovery where you will
follow in the footsteps of him and his crew, see how they lived,
what they ate and witness their hardships and their triumphs.
It’s a fascinating tale of one of the most heroic voyages of
exploration ever undertaken.
https://www.rrsdiscovery.com/

V&A Dundee
V&A Dundee is a design museum in Dundee, Scotland, which
opened on 15 September 2018. The V&A Dundee is the first
design museum in Scotland and the first Victoria and Albert
museum outside London. The V&A Dundee is also the first
building in the United Kingdom that has been designed by
Kengo Kuma.
https://www.vam.ac.uk/dundee

Verdant Works
Verdant Works is a world class visitor attraction which tells the
story of Dundee’s industrial textile heritage in the atmospheric
setting of a beautifully refurbished Mill building. Hear the tales
of the mill workers, see how they lived and worked in an industry
which enveloped Dundee.
https://www.verdantworks.com/
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Glamis Castle
Glamis Castle is situated beside the village of Glamis in Angus,
Scotland. Family home of the Queen Mother and birthplace of
HRH the Princess Margaret. It is the home of the Earl and
Countess of Strathmore and Kinghorne, and is open to the
public. Glamis Castle has been the home of the Lyon family
since the 14th century, though the present building dates
largely from the 17th century.
https://www.glamis-castle.co.uk/
Drive time: 30 min

Edzell Castle
The beautiful walled garden at Edzell is one of Scotland’s unique
sights, created by Sir David Lindsay in 1604. Explore the summer
house, the great garden, the 16th century tower house and
Lindsay Aisle - the family burial vault.
Edzell was home to the Lindsays, a gifted yet tragic noble family
whose head became the Earl of Crawford and one of the most
powerful men in the realm. The Lindsay’s most famous guests
include Mary Queen of Scots in 1562 and her son James VI in
1580 and 1589.
https://www.historicenvironment.scot/visit-a-place/places/
edzell-castle-and-garden/
Drive time: 50 min

St Andrews
St Andrews is a seaside town, on Scotland’s east coast. It’s
known for its many golf courses, including the Old Course, with
the landmark Swilcan Bridge at the 18th hole. The British Golf
Museum chronicles the history of U.K. golf. On a headland
nearby are the ruins of St. Andrews Castle, with its medieval
bottle dungeon. Close to the castle is the University of St.
Andrews, founded in 1413.
https://www.visitstandrews.com/
Drive time: 20 min

For further ideas please visit
https://www.visitscotland.com/destinations-maps/dundee/see-do/
https://www.seedundee.com/category/see/
https://www.conventiondundeeandangus.co.uk/landing/203_Extend-Your-Stay.html
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Maps
Conference Venue
Dalhousie Building
University of Dundee
75 Old Hawkhill
Dundee
DD1 5EN
Tel: 01382 383000
Refreshments and Lunch
Breaks
Conference information Point
Posters
Foyer and gallery of the
Dalhousie Building

Conference Social Events

Tuesday 14 May
V&A Dundee

Sunday 12 May
School of Life Sciences

Monday 13 May
Discovery Point

Accommodation
Apex City Quay
1 West Victoria Dock Road,
Dundee
Tel: 01382 202404
Hampton by Hilton
1 Argyllgait, Dundee
Tel: 01382 725200
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