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BACKGROUND 

 

The symposium is aimed at building new capacity for principal investigators, postgraduate and PhD student currently 

performing or planning to work in the metabolomics field. Additionally, the event is intended to foster further 

collaboration amongst metabolomics researchers within SA and across Europe by providing a platform for researchers 

to network and to identify synergies. 

 

In 2018 at the CSIR International Convention Centre (ICC) in Pretoria, local metabolomics representatives from several 

research institutions and industry, unanimously agreed to formally establish a non-profit organization, the 

Metabolomics South Africa (MSA). This symposium will be used to officially launch MSA. MSA as an organization is 

seen as an opportunity to promote and improve the profile of metabolomics research and technology in South Africa, 

foster networking, training, capacity building, information sharing, mentoring, career opportunities, leadership training 

and professional development. MSA is also affiliated with the International Metabolomics Society (IMS) affiliation will 

provide opportunities for bursaries and fellowships associated with the local metabolomics association. 

ORGANIZING COMMITTEE  

- Mr Molati Nonyane  

- Mrs Itseng Malao  

- Dr John Becker  

- Dr Fidele Tugizimana 

- MSA Committee  

- European Panel  

METABOLOMICS SOUTH AFRICA (MSA) COMMITTEE  

- Dr Fidele Tugizimana (University of Johannesburg) – Chairperson 

- Prof Duncan Cromarty (University of Pretoria) – Deputy Chairperson 

- Prof Du Toit Loots (North-West University) – Secretary 

- Dr Aurelia Williams (North-West University) – Deputy Secretary 

- Dr Wilma Augustyn (Tshwane University of Technology) – Member 

- Prof Geoffrey Candy (University of the Witwatersrand) – Member 

- Dr David Tabb (Stellenbosch University) – Member 

- Mr Molati Nonyane (African Centre for Gene Technologies) – Member 

- Dr. Zandile Mlamla (University of Cape Town) – Member 

- Prof Gerhard Prinsloo (University of South Africa) – Member. 



 3 

OUR SPONSORS 
 
 
 
 

 

 

 

 

 

 

 

 

 
 
 

 

  



 4 

SYMPOSIUM PROGRAMME - 11 MARCH 2019 
 

THEME: METABOLOMICS WHERE ARE WE? 

CHAIR:  DR JOHN BECKER AND MR. MOLATI NONYANE 

 

08:15-09:00 ARRIVAL & REGISTRATION 

09:00-09:10 Welcome  Dr. John Becker  

09:10-09:55 Overview of Metabolomics & Metabolomics activities in SA   Dr. Fidele Tugizimana 

09:55-10:40 Metabolomics: getting good data Dr. Karl Burgess 

10:40-11:00 TEA/COFFEE BREAK 

11:00-11:45 Exposome and metabolomics role in Cancer Dr. Reza Salek 

11:45-12:30 Lipidomics: present, future and challenges Dr. Justine Bertrand-Michel 

12:30-13:30 LUNCH 

13:30-14:15 Plant Metabolomics Prof. Gerhard Prinsloo 

14:15-15:00 Day 1: Student Session 

Mr. Efficient Ncube - UJ 

Mr. Emile JvR - NWU 

Ms. Monique Combrink - NWU  

15:00-15:30 TEA/COFFEE BREAK 

15:30-16:15 Metabolomics and infectious diseases: HIV as the focus  Dr. Aurelia Williams 

16:15-17:00 Metabolomics in Natural Products research Dr. Edwin Madala 

17:00  Q and A All 
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SYMPOSIUM PROGRAMME - 12 MARCH 2019 
 

THEME: METABOLOMICS, INFORMATICS, STATS AND 
APPLICATIONS 

CHAIR:  DR FIDELE TUGIZIMANA AND DR FABIEN JOURDAN 

09:00-09:45 
Connecting the dots: metabolic networks for  

metabolome mining. 
Dr. Fabien Jourdan 

09:45-10:30 
Statistical models for showing differences and equivalence 

in metabolomics 
Dr. Jasper Engel 

10:30-11:00 TEA/COFFEE BREAK 

11:00-11:45 Metabolomics and medical/disease Prof. Du Toit Loots 

11:45-12:30 NMR metabolomics and its applications Dr. Naomi Rankin 

12:30 – 13:30 LUNCH 

13:30-14:00 
Differential lipidomic profiling of M. tuberculosis strains 

and urine of TB suspects for bio-markers of TB disease 
Dr. Zandile Mlamla 

14:00 - 14:45 
Day 2: Student Session  

 

Ms. Karin Terburgh - NWU 

Mrs. Zinandré Stander - NWU 

Christiaan DW van Zyl - NWU 

14:45-15:30 Plant Metabolomics  Dr. Fidele Tugizimana 

15:30- 16:00 TEA/COFFEE 

16:00-17:00 
Round Table (discussion, questions, collaborations), 

closing remarks 
All presenters 
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KEYNOTE SPEAKERS LIST 
 

 

1. Dr. Reza Salek - International Agency for Research on Cancer, Lyon, France 

2. Dr. Karl Burgess - University of Edinburgh, Scotland, UK 

3. Dr. Fabien Jourdan - INRA Toulouse, France 

4. Dr. Justine Bertrand-Michel - INSERM Toulouse, France 

5. Dr. Naomi Rankin - University Hospital Wishaw, Scotland, UK 

6. Dr. Jasper Engel - Wageningen University & Research, The Netherlands 

7. Dr. Fidele Tugizimana - University of Johannesburg, RSA 

8. Dr. Zandile Mlamla - University of Cape Town, RSA 

9. Dr. Aurellia Williams - North-West University, Potchefstroom, RSA 

10. Prof. Du Toit Loots - North-West University, Potchefstroom, RSA 

 

SPEAKER PROFILES  
 

Dr Reza Salek 

Dr Reza Salek completed his PhD in Molecular Biophysics from University College London, UK. Dr Salek is currently 

with the International Agency for Research on Cancer, Lyon, France. Dr Salek has extensive experience in metabolomics 

research in academia, industry and research institutes with extensive metabolomics knowledge, both analytical and data 

handling. Since the completion of his PhD, Dr Reza Salek has occupied several positions in metabolomics at institutions 

that include the Institute of Cancer Research, University of Cambridge and the Medical Research Council (UK) and 

Cheminformatics and Metabolism at the EMBL-EBI. Dr Salek has also served on the Board of Directors for the 

Metabolomics Society. Dr Salek has worked in clinical trial settings and is interested in setting up workflow 

infrastructures for metabolomics data handling and analysis using cloud computing. He has a proven record in training 

and teaching metabolomics at different levels, from beginners to advanced.  
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SPEAKER PROFILES 

 

Dr. Karl Burgess 
Dr. Karl Burgess is from the University of Edinburgh, Scotland, UK. He recently left the Institute of Infection, Immunity 

and Inflammation at the University of Glasgow where he was a Senior Research Fellow. Dr Burgess obtained a Bachelor 

degree in Pathobiology from Reading University. He then went on to develop his bioinformatics skills with an MSc at 

Birkbeck College, University of London, followed by an MRes in Biomedical and Life Sciences at the University of 

Glasgow. After being introduced to mass spectrometry during his MRes, Dr Burgess remained at Glasgow for a PhD in 

proteomic methods development. Following his post-doc on the RASOR proteomics project, Dr Burgess became head 

of the Glasgow Polyomics Metabolomics Facility, where he remains. Dr Burgess research interests focus on the use of 

mass spectrometry in biomedical research, particularly in the understanding of infectious disease. This multidisciplinary 

research area builds on his fruitful collaborations with cell biologists, engineers, bioinformaticians, instrumentation 

developers and clinicians.  Dr Burgess  was a Wellcome Trust ISSF fellow from 2012-2014, which kick-started his 

research into pathogenic biofilms. Dr Burgess is a member of the BBSRC Pool of Experts, the Scottish Synthetic Biology 

Steering Group and chair and founder of the Scottish Metabolomics Network, an affiliate of the Metabolomics Society. 

 

Dr Fabien Jourdan 
Dr Fabien Jourdan is a research scientist at INRA (the French National Research Institute for Agricultural Research). Dr 

Fabien Jourdan has also worked as an associate scientist for the Institut de Recherche en Informatique de Toulouse. Dr 

Fabien Jourdan is developing computational methods to study human genome-scale metabolic network aiming at, 

based on experimental data like metabolomics ones, retrieving parts of the organism metabolism affected by genetic or 

environmental perturbations. These methods are mainly applied to toxicology and human health. Fabien Jourdan is 

member of the board of the French National infrastructure for metabolomics and fluxomics, MetaboHub. Dr Fabien 

Jourdan has been the president of the French-speaking Metabolomics and Fluxomics Network (RFMF). 

 

Dr Naomi Rankin 
Dr Naomi Rankin is from the University Hospital Wishaw, Scotland, UK. Dr Naomi Rankin graduated from the University 

of Strathclyde in 2005 with a BSc (Hons) in Biochemistry and Molecular Biology, for which she was awarded the P.J. 

Heald memorial prize for Biochemistry. She completed an MSc in Clinical Biochemistry from the University of 

Birmingham and a PhD in Glycobiology in 2010 from the University Strathclyde. Dr Naomi Rankin was involved with 

NMR metabolomics at University of Glasgow. Dr Rankin’s research interests focus on the use of NMR for metabolite 

profiling and advanced lipoprotein profiling of serum and plasma samples. She is particularly interested in the use of 

these methods in epidemiology/clinical trials, especially with a view towards translation of NMR molecular profiling 

approaches into the clinic. 
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SPEAKER PROFILES 

 

Dr Jasper Engel 
Dr Jasper Engel obtained a PhD in Chemometrics from the Radboud University Nijmegen (Netherlands). He has held 

positions as experimental officer in biostatistics at the NERC metabolomics facility, University of Birmingham and as a 

post-doc in chemometrics for personalized health care at Radboud University. Since November 2017 he is a researcher 

at Biometris at Wageningen University & Research.  

Dr Engel’s primary research interests are in applied statistics. He is interested in the development and careful evaluation 

of statistical approaches for processing and analysis of complex high-dimensional data sets, and their application in 

high-dimensional chemical, biological or medical problems. Over the last years his research has mainly focused on 

method development for analysis of metabolomics experiments. 

 

Dr. Fidele Tugizimana 
Dr. Tugizimana is originally from Rwanda (currently living in SA), he obtained his PhD in Biochemistry (summa cum 

laude) from the University of Johannesburg. After the completion of a B.Phil. degree in Philosophy (magna cum laude) 

from the Urbaniana University, Rome in 2004, Fidele enrolled in a B.Sc. Biochemistry-Chemistry degree at the 

University of Johannesburg; and completed a M.Sc. degree in Biochemistry (cum laude) in 2012. He attended training 

in Metabolic Modelling and Pathway Analysis (WUR, Netherlands, 2014) and the EMBO course on metabolomics for 

life sciences (Cambridge, UK, 2013). He currently is a research scientist at the University of Johannesburg, a specialist 

scientist in the international R&D management of the Omnia (Pty) Ltd company (SA) and a scientific consultant in the 

L.E.A.F. Pharmaceuticals LLC (USA & Rwanda). Dr. Tugizimana applies metabolomics approaches in interrogating 

cellular biochemistry at global level, specifically in plant-environment interactions (involving abiotic/biotic stresses, 

beneficial microorganisms, etc.). His research interests include metabolomics, host-pathogen interactions, immune 

response (at molecular level), data analysis, chemometrics, bioinformatics and metabolite identification. 

He was involved in setting up the plant metabolomics research group at the University of Johannesburg. He is also 

involved in metabolomics training workshops in SA as an organizer and a trainer: e.g. SIMCA-based data analysis 

workshop (2015) and the annual Metabolomics training workshops (since 2016). He has gained extensive experience 

throughout the metabolomic pipeline from experimental design to advanced analytical platform (GC-MS and LC-MS), 

and data analysis. He is a member of the Golden Key International Honour Society (since 2007) and SA scientific 

societies (e.g. ChromSA, SAAMS, SASBMB). He is an active member of the International Metabolomics Society: (i) 

secretary of the Early-career members Network (EMN) committee (2016-2017); (ii) member of the Data Standards 

and Strategy Tasks groups; and (iii) member of the International Organizing Committee for the International 

Metabolomics Conferences 2017 and 2019. He is an author/co-author of metabolomics papers in leading peer-reviewed 

scientific journals. 
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SPEAKER PROFILES 

 

Prof Du Toit Loots 
Prof Du Toit Loots has made a substantial contribution to the advancement of metabolomics, by means of developing 

much of the published methodology and applications in terms of identifying new markers for better disease 

characterization, diagnostics and treatment since 2002. To date, his research has ideally equipped him for this highly 

relevant research focus, allowing the opportunity to become one of the global experts in the field of TB metabolomics. 

In 2002, he was commended for being the first individual (internationally referring) to complete a Ph.D. based on the 

utilization of metabolomics, which was also the approximate time-frame in which the term ‘metabolomics’ was 

internationally defined. 

 

As part of his journey Prof Loots applied this research strategy at numerous internationally acclaimed research 

institutions, including: 1) DST/NRF Centre of Excellence in Biomedical Tuberculosis Research (Stellenbosch University) 

— identifying new biomarkers to characterize anti-TB drug action and side effects (2004); 2) Academic Medical Centre 

(Amsterdam University) — identifying metabolites in CTX patient serum for later use in developing improved 

neurodegenerative treatment strategies; and 3) Centre of Excellence for Nutrition (CEN), NWU — identifying various 

disease-associated oxidative stress markers. In 2006, Biopad, a subsidiary of TIA, was tasked with establishing new 

omics technologies in South Africa. As such, the NWU biochemistry group was selected to host the NMP and 

subsequently utilized metabolomics to better characterize inborn errors of metabolism. In 2008, TIA insisted on 

broadening this application to diseases of high global prevalence and searched for an individual with the necessary 

expertise in both metabolomics and infectious diseases to ensure success. Prof Loots accepted their invitation as 

research director and subsequently established the research program — Metabolomics of infectious and acquired 

diseases, within the newly constructed research entity known as the FAHM.  

 

Major contributions/funds were required to set-up the specialized P3 metabolomics laboratories, acquire a vast array 

of highly specialized analytical equipment, develop the metabolomics methodologies and initiate a metabolomics 

research program which benefits from the contributions of 8 full-time academics, 18 technicians, 5 administrators, 5 

international extraordinary professors, 40 B.Sc. Honours, 35 M.Sc., 30 Ph.D., and 5 post-doctoral students per annum.  

 

FAHM is also an international partner laboratory of Agilent Technologies, and the recognized leader in TB metabolomics 

research in Africa and various other international countries  
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SPEAKER PROFILES 

 

Dr Aurelia A. Williams 
Dr Aurelia A. Williams majored in Biochemistry and Zoology at the Rand Afrikaans University (RAU), now known as the 

University of Johannesburg (UJ). Her life as a researcher began during her B.Sc. Honours year, where she investigated 

the role of excess iron during human immunodeficiency virus (HIV) infection. As part of her M.Sc. (2005), she 

investigated the ability of the chelator, desferrioxamine, to concurrently treat HIV and Mycobacterium tuberculosis 

infections under conditions of iron overload. Dr Williams then branched off into the omics field, of which she received 

her Ph.D. at the University of Pretoria (2012), investigating the use of metabolomics and multiparametric flow cytometry 

for measuring HIV-induced metabolic and immune changes, respectively. Since metabolomics was new at the time and 

the knowledge thereof limited, Dr Williams pursued post-doctoral studies in the metabolomics of cancer, under the 

supervision of Prof Tracy Richmond McKnight at the University of California, San Francisco (UCSF) as 

suggested/supported by her Ph.D. supervisor, Prof Debra Meyer. At UCSF, Dr Williams investigated the downstream 

effects of molecular traits on glioma (brain tumour) metabolism and growth behaviour. As such, her work yielded several 

awards and invitations to attend both national and international workshops as well as conferences.  

 

Dr Williams is now a senior lecturer at the NWU: biochemistry department. Her research interests include characterizing 

the impact of molecular traits, metabolism and the immune response on disease pathogenesis. Metabolomics will serve 

as a tool to this end and aid in better characterizing infectious diseases such as HIV/AIDS, HIV-associated comorbidities, 

virus-host interactions, treatment response mechanisms and pathogenesis-associated phenotypes. In addition, she is 

deputy secretary for Metabolomics South Africa (MSA) and is also a member of the SASBMB, where she served as part 

of SASBMB/FASBMB’s 2018 conference planning and scientific committee. Other professional memberships and 

affiliations are with the International Society for Infectious Diseases, the Pan-African Cytometry Association (PACA) and 

Golden Key International Honour Society.  
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SPEAKER PROFILES 

 

Dr Zandile C. Mlamla 
Dr Zandile C. Mlamla is a post-doctoral research fellow in the Institute of Infectious Disease and Molecular Medicine 

(IDM), University of Cape Town (UCT) in Professor Jonathan M. Blackburn’s Research Group. Her project is currently 

aimed towards the validation of urinary biomarkers of Tuberculosis Disease. She recently completed her doctoral degree 

in Chemical Biology from the Department of Integrative Biomedical Sciences in the same institute. Her project focused 

on differential profiling of Mycobacterium tuberculosis genotypic strains and urine of TB suspects for “bio-signatures”  

 

of TB disease through Liquid Chromatography-Mass Spectrometry (QTOF). During her PhD, with support from the 

Fogarty Foundation and UCT, she tenured at Brigham and Women’s Hospital and Harvard Medical School under the 

mentorship of Professor Branch D. Moody. Here she was trained in cellular lipid profiling using a Q-TOF mass 

spectrometer, as well as three ion-trapping instruments for targeted Lipidomics. 

 

She continues to gain experience and expertise in the cutting-edge field of MS-based lipidomics. She is involved in 

collaborative projects integrating MS-based Proteomics and Metabolomics. She has recently been integrated into the 

Mass Spectrometry Core-Facility at the IDM. Her long-term goal is to continue to promote metabolomics research by 

being part of its growth and development at UCT.  
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STUDENT ABSTRACTS 

STUDENT ABSTRACTSUDENT ABSTRACTS 

Metabolomics reveal surprising insights into the stimulation of 
sesquiterpenoid synthesis in Centella asiatica cells by methyl jasmonate. 
 

Authors: Dubery IA, Tugizimana F, Ncube E, Steenkamp PA 

Affiliations: University of Johannesburg  

 

Centella asiatica is an important medicinal plant with a wide range of bioactivities associated with its secondary 

metabolites. Using two extraction procedures, metabolomic approaches were used to investigate changes in the 

metabolome of C. asiatica cells treated with exogenous MeJA. GC–MS and LC–MS platforms were employed for semi-

targeted and untargeted analyses, respectively. Multivariate data analyses indicated concentration-dependent changes 

in the metabolite profiles, indicative of the cellular response to MeJA. Annotation of biomarkers correlated with the 

treatment indicate differential responses in flavonoid-, phenylpropanoid (cinnamates)- and terpenoid pathways and 

changes in fatty acid profiles. MeJA treatment triggered the accumulation of bicyclic sesquiterpenoids (aristolochene, 

deoxy-capsidiol, 15-hydroxysolavetivone, solavetivone, 3-hydroxylubimin) and a tricyclic sesquiterpenoid 

(phytuberin), indicating the stimulatory effect of MeJA on this branch of the terpenoid pathways. In contrast, flavonoids 

were mostly negatively correlated with the treatment. The presence of the sesquiterpenoids in MeJA-elicited cells and 

other tentatively identified metabolites (abscisic acid, fatty acids, phytosterols and metabolites of shikimate–

phenylpropanoid pathways) indicates that the changes in the metabolome are associated with a defensive function in 

response to elicitation by MeJA, rather than just the amplification of existing terpene pathways. These results provide a 

detailed and comprehensive picture of metabolic changes occurring in C. asiatica cells in response to MeJA elicitation 

and contribute to the understanding of flexible and controllable aspects of metabolic manipulation.   

 

Keywords: Centella asiatica Elicitation Metabolomics Methyl jasmonate Secondary metabolites Sesquiterpenoids 
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STUDENT ABSTRACTS 

 

The metabolomics of treatment naïve HIV-infected progressors and non-
progressors. 
 

Authors:  Emile Jansen van Rensburg1, Loots DT1, Ndung’u T2, Williams AA*1  

Affiliations: 

- Human Metabolomics, North-West University, Private Bag X6001, Box 269, Potchefsroom, South Africa, 2531 

- Africa Health Research Institute, University of KwaZulu-Natal, Durban, South Africa 

HIV Pathogenesis Programme, Doris Duke Medical Research Institute, University of KwaZulu-Natal, Durban, South 

Africa *Corresponding author Email: aurelia.williams@nwu.ac.za Tel: 018 285 2542 

 

Background and Objectives: HIV progression is generally defined by the time it takes an individual to progress from 

primary HIV infection to the acquired immunodeficiency syndrome (AIDS). CD4 T-cell count and plasma viral load are 

widely accepted and validated clinical indicators of disease progression, and they differ significantly across HIV-infected 

persons. The biological reasons underlying heterogeneity in markers of disease progression are not fully known, 

although immunogenetic factors are known to contribute significantly to these differences.  Here, we investigated the 

plasma metabolic profile of treatment naïve HIV-infected persons representing a wide range of disease progression 

markers from KwaZulu-Natal, South Africa. 

 

Method: Participants were grouped based on CD4 count at the time of sample collection i.e. low (<350 cells/mm3, 

N=16), medium (351-500, N=44) and high (>501, N=38)), and according to change in CD4 count observed over a 

minimum of 3 years.  All participants were HLA typed using molecular methods.  Metabolomic profiles were determined 

by two-dimensional gas chromatography with time of flight mass spectrometry. 

 

Results: Low CD4 counts broadly presented with increased amino acids and decreased fatty acids while high CD4 

counts presented the opposite. CD4 values at the time of sample collection mainly presented with alterations in fatty 

acid content while CD4 changes over time mainly reflect amino acid changes. HLA-defined groups also showed 

alterations in mainly amino acids and fatty acids. In each of the groups, several metabolites showed strong correlations 

to the CD4 parameter. 

 

Conclusion: Metabolomics reveals differential metabolic changes when the CD4 count vs change in CD4 count and 

HLA type is considered. This information has implications for understanding biological changes underlying differential 

disease progression, clinical prognosis and management of the disease. 
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STUDENT ABSTRACTS 
 

Metabolomics of Ndufs4-/- skeletal muscle: adaptive mechanisms converge 
at the ubiquinone-cycle. 
 

Authors: Miss Karin Terburgh 

Affiliations:  North-West University, Private Bag X6001, Box 269, Potchefsroom, South Africa, 2531 

 

The dysfunction of mitochondrial complex I (CI) impedes the most efficient mechanism feeding electrons into the 

respiratory chain (RC) — a system that, together with ATP synthase (CV), is responsible for the majority of cellular 

energy production via oxidative phosphorylation. Although CI deficiency is the most common defect in mitochondrial 

energy metabolism, it is among the most complex, poorly understood disorders that currently lack an effective treatment. 

One of the most promising tools used to gain insight into this form of mitochondrial disease (MD), is the whole-body 

Ndufs4 knockout (Ndufs4-/-) mouse model. Although the neurological phenotype of these animals has been widely 

studied, the effect of CI deficiency on Ndufs4-/- skeletal muscle metabolism remains elusive. The lack of research on 

this tissue is largely owed to the view that these animals do not display strong muscle involvement. However, 

neuromuscular involvement is a hallmark feature of MD and considering skeletal muscle’s high energetic demand, 

metabolic activity, and integration with the nervous system, this tissue needs to be investigated. 

 

We combined hypothesis-generating metabolic profiling and biochemical strategies to gain insight into the energy 

metabolism of both glycolytic (white quadriceps) and oxidative (soleus) skeletal muscles from Ndufs4-/- mice. Multi-

platform metabolomics was employed, comprising of targeted liquid chromatography-tandem mass spectrometry (LC-

MS/MS), untargeted gas chromatography time-of-flight mass spectrometry (GC-TOF-MS) and proton nuclear magnetic 

resonance (1H-NMR) spectroscopy. Biochemical investigations included enzyme activity assays of RC complexes I-IV. 

 

Enzyme assays revealed a severe reduction (80 %) in CI activity in both muscle types from Ndufs4-/- mice, which would 

greatly reduce the electron flux to the rest of the RC. Through multi-platform metabolic profiling we provide the first 

empirical evidence of adaptive responses to CI dysfunction involving non-classical pathways that fuel the ubiquinone 

(Q)-cycle. By restoring the electron flux to CIII via the Q-cycle, these adaptive mechanisms could maintain adequate 

oxidative ATP production, despite CI deficiency — providing a possible explanation for the lack of muscle involvement 

in the Ndufs4-/- phenotype. We report a respective 48 and 34 discriminatory metabolites between Ndufs4-/-, and wild-

type white quadriceps and soleus muscles, among which the most prominent alterations indicate the involvement of the 

glycerol-3-phosphate shuttle, the electron transfer flavoprotein system, respiratory chain CII, and the proline cycle in 

fuelling the Q-cycle.  
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STUDENT ABSTRACTS 
 

Pharmacometabonomics indicates a post-treatment time trend in the urinary 
metabolome variations induced by DOTS therapy in TB patients. 
 

Authors: Monique Combrink, Ilse du Preez, Katharina Ronacher, Gerhard Walzl, Du Toit Loots 

Affiliations:  Human Metabolomics, School for Physical and Chemical Sciences, North-West University (Potchefstroom 

Campus), Private Bag X6001, Box 269, Potchefstroom, South Africa, 2531. 

 

The recommended treatment for pulmonary tuberculosis (TB), an infectious bacterial disease which is responsible for 

an estimated 1.3 million deaths among HIV-negative patients globally each year, includes the co-administration of four 

first-line TB drugs (isoniazid, rifampicin, pyrazinamide and ethambutol).  When fully adhered to, this six-month directly 

observed short-course (DOTS) therapy program has a cure rate of 82 % in patients with fully drug-susceptible TB.  The 

adverse effects of these drugs are, however, rather severe, and reportedly, up to 18 % of patients ultimately present with 

an unsuccessful treatment outcome.  In this study, we applied a pharmacometabonomics research approach to 

investigate the effect of DOTS therapy on the urinary metabolome profiles of TB patients, in an attempt to better 

characterise the underlying mechanisms related to the treatment-induced phenotype.  Organic acid extracts of urine 

collected from 23 TB positive patients, at the time of diagnosis (before treatment onset) and at various intervals during 

treatment (week 1, 2 and 4), were analysed via two-dimensional gas chromatography-mass spectrometry.  A 

combination of univariate and multivariate statistical methods was consequently applied to the obtained data and 42 

metabolites were identified as potential biomarkers, representing those compounds with the greatest treatment-induced 

variations.  The trend of the concentration variations of the biomarkers over time, indicated a sudden change in host 

oxidative stress levels, or the oxidative stress response, between weeks two and four of treatment, in addition to an 

initial drug-induced inhibition of the major drug metabolising enzymes, CYP3A4 and CYP2E1, followed by a delayed 

induction of these enzymes via rifampicin and isoniazid, respectively.  A number of compounds originating directly from 

the ingested drugs were also identified as metabolite markers, showing an exponential increase in concentration over 

the treatment period.  An increase in the concentration of formyl glycine, accompanied by a decrease in sulfate, was 

also detected after week 2 of treatment, indicating a possible oxidative stress related induction of the formylglycine 

generating enzyme.  This study indicates that the DOTS-induced metabolome variations occurring in TB patients cannot 

be seen as a rigid or constant change but should rather be seen as adaptable deviations, which are dependent on time, 

and a reflection of the effect of the individual drugs in the combined treatment cocktail, on various xenobiotic enzymes. 
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STUDENT ABSTRACTS 
 
 

The altered human serum metabolome induced by a marathon.  
 

Authors: Zinandré Stander1, Laneke Luies1, Lodewyk J Mienie1, Glyn Howatson2,3, Karen M Keane2, Tom Clifford2,4, 

Emma J Stevenson4, Du Toit Loots1*  

Affiliations: 1 Human Metabolomics, North-West University, Potchefstroom, South Africa, 2531;2Faculty of Health and 

Life Sciences, Department of Sport, Exercise and Rehabilitation, Northumbria University, Newcastle upon Tyne, United 

Kingdom, NE1 8ST; 3Water Research Group, School of Environmental Sciences and Development, North-West 

University, Potchefstroom, South Africa, 2531; 4Human Nutrition Research Centre, Institute of Cellular Medicine, 

Newcastle University, Newcastle upon Tyne.  

 

Introduction: Endurance races have been associated with a substantial amount of adverse effects which could lead to 

chronic disease and long-term performance impairment. However, little is known about the holistic metabolic changes 

occurring within the serum metabolome of athletes after the completion of a marathon.  

 

Objectives: Considering this, the aim of this study was to better characterize the acute metabolic changes induced by a 

marathon.  

 

Methods: Using an untargeted two-dimensional gas chromatography time-of-flight mass spectrometry metabolomics 

approach, pre- and post-marathon serum samples of 31 athletes were analyzed and compared to identify those 

metabolites varying the most after the marathon perturbation.  

 

Results: Principle component analysis of the comparative groups indicated natural differentiation due to variation in 

the total metabolite profiles of these time-points. Elevated concentrations of carbohydrates, fatty acids, tricarboxylic acid 

cycle intermediates, ketones and reduced concentrations of amino acids indicated a metabolic shift between various 

fuel substrate systems. Additionally, elevated odd-chain fatty acids and α-hydroxy acids indicated the utilization of α-

oxidation and autophagy as alternative energy-producing mechanisms. Adaptations in gut microbe-associated markers 

were also observed and correlated with the metabolic flexibility of the athlete.  

 

Conclusion: From these results it is evident that a marathon places immense strain on the energy-producing pathways 

of the athlete, leading to extensive protein degradation, mammalian target of rapamycin complex 1 inhibition and 

autophagy. A better understanding of this metabolic shift could provide new insights for optimizing athletic performance, 

developing more efficient nutrition regimens and identify strategies to improve recovery. 
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STUDENT ABSTRACTS 
 

Generation of unique cerebrospinal fluid metabolic profiles representative of 
acute vs. chronic meningitis.  
 

Authors: Christiaan DW van Zyl, Du Toit Loots, Shayne Mason  

Affiliations: Centre for Human Metabolomics, Faculty of Natural and Agricultural Sciences, North-West University 

(Potchefstroom Campus)  

 

Background: Meningitis is a disease characterized as the inflammation of the meninges. The pathogen in 5-10% of 

paediatric patients is of a bacterial origin (acute bacterial meningitis (BM)). Tuberculous meningitis (TBM), the most 

severe manifestation of tuberculosis, is a chronic form of BM. The gold standard for diagnosis of meningitis requires 

the collection of cerebrospinal fluid (CSF). However, it is difficult to differentiate TBM from other common types of 

meningitis via existing diagnostic tests. Early differential diagnosis, and subsequent correct treatment, is imperative to 

reduce mortality and long-term neurological deficits. Metabolomics is an important tool to identify disease-specific 

biomarkers, but limited metabolomics information is available on TBM.  

 

Objective: Explorative, qualitative investigation of pooled CSF samples of a representative acute and chronic meningitis 

case vs control case, to generate representative metabolic profiles.  

 

Methods: Proton magnetic resonance (1H-NMR) spectroscopy and gas chromatography-time-of-flight-mass 

spectrometry (GC-TOF-MS) metabolomics techniques were used to qualitatively investigate the metabolic features from 

pooled BM, TBM and control CSF samples. A well-standardized CSF sample preparation method was used for the NMR; 

while, CSF analysis on GC-TOF-MS is novel in our laboratory, hence we used a standardized serum protocol.  

 

Results: The key biochemical marker of meningitis was highly elevated lactate. Overall decrease in carbohydrates and 

increased 3-hydroxybutyric acid, in conjunction with increased amino acids – valine, leucine, isoleucine, and alanine, 

can be linked to reduced energy metabolism that’s due to perturbed shuttle systems. Other increased amino acids 

included proline, serine, threonine and glycine, which are linked to the increased protein levels typically found in CSF 

of meningitis cases. However, some of the GC-TOF-MS data was inconsistent with the well-standardized NMR method 

for CSF analysis: myo-inositol, proline, ornithine, alanine, 3-hydroxybutyric acid, glutamine and creatinine.  

 

Conclusion: This exploratory, qualitative investigation shows that the NMR and GC-TOF-MS metabolomics platforms 

are suitable and complimentary to each other, albeit a slight inconsistency within the GC-TOF-MS, most likely due to 

the preparation method needing standardization for the CSF sample matrix. 
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