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Name: 

A: Application of knowledge and understanding: Identify and use relevant scientific understanding, methods and skills to 
address broadly-defined, complex problems  

Competencies Guidance Evidence Chosen 

A1: develop, maintain and 
extend a sound theoretical 
approach to application of 
science and technology in 
practice 

This means that you can show that you 
have a sound theoretical understanding 
of the area in which you work.  That you 
also continuously keep up-to-date with 
developments in your field and are able 
to understand and apply new 
developments to your area of work.  For 
instance your example may describe how 
you: 

a) take part in a journal/publication 
review group within the workplace 

b) suggest updates to the way in which 
designs, prototypes, processes, 
computer programmes, experiments 
or procedures are approached and 
carried out based upon new 
knowledge of technology or 
underlying theoretical principles 

c) undertake further academic / 
vocational / self-study or technical 

Why: (Why do you need to keep up-to-date in the area of work that you do) 
 

1)  I work in a laboratory based research environment where Kit 
based technological assays evolve, requiring updated practice 
informed by up to date technical literature 

2)  Similarly, the theoretical underpinnings of your chosen discipline 
change, necessitating perusal of current scientific literature: In 
my current role I interface with multiple PIs on a plethora of 
research based projects (in addition to lab management duties) all 
loosely falling under the ambit of cardiovascular research 

3)  Specifically, these projects have been directed towards growth 
factors that putatively influence formation of collateral blood 
vessels in the vicinity of atherosclerotic occlusions; gene 
expression conferring protection to cardiotoxicity by foreign 
substances (xenobiotic medications) in the heart; and modulation 
of tumour diapedesis by platelet factors 

4) This has necessitated consulting background research literature 
in these sub disciplines and also technical literature pertaining to 
relevant wet based laboratory assays 
 

5)  Similarly, in a prior position (validated through reference 
#2) in immunology and infectious diseases at the University of 
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training in your current or advancing 
field of work 

Edinburgh my principal lab based project was to develop a high 
through put assay to screen compound libraries to identify subsets 
of compounds cytotoxic to Trypanosome Brucei: Current relevant 
literature was similarly consulted 
 

6) In another but not referenced cited post (circa 2014-2015; see 
my extended CV for details and referee) I was expected to 
contribute to the materials & methods sections of published 
manuscripts & provide background methodology & principles to a 
Ph.D students in order to submit posters’ at conferences and 
author peer reviewed publications  

 
 
 
 
 
 
 
 
What: (What is it that you need to keep up-to-date) 
 
1) In my current post, subject literature pertaining to aspects of 
cardiovascular research pertinent to one or more projects I 
personally participate in 

2) Similarly, literature describing the principles and practice of 
pertinent assays designed to elucidate such cardiovascular 
phenomena 

3) In my prior infectious diseases position at the university of 
Edinburgh personal perusal of Trypanosome & drug discovery 
literature, including assay development literature in Journals such 
as Nucleic Acid Research & Nature Methods  
 

4) In a recent (but not cited position) within Immunology at the 
University of Nottingham (circa 2014-2015) I contributed to the 
writing of published manuscripts and linked to this activity 




 
 
 
SUMMARY 
 
 
 
I have in Bio medical sciences (University of Bradford) and commenced my laboratory 
career in 1987. I have about 15 years experience of molecular/cell biology and 
biochemistry and 10 years experience of genetics and genomics (plus transcriptomics), 
including 2 years in high through put genomics laboratories in the USA. I also have 5 
years experience pertaining to drug discovery. In that time I have worked in infectious 
disease, Cancer research and cardiovascular environments  
 
Consequently I have the standard panoply of molecular techniques & tissue culture 
skills. In addition I have skills pertaining to gene expression work, including protein 
expression & purification, immuno fluorescence, IHC, ELISA, in situ hybridisation, RT 
PCR & real time PCR. I also have applied/high through put molecular skills such as 
antibody panel screening using tissue microarrays, (BAC clone derived), shot gun 
sequencing & Affymetrix Gene expression Microarrays  
  
With reference to data analysis & IT I possess standard Microsoft office skills, including 
data graphing and use of formulas in Excel, e.g. ΔΔCt analysis; and power point. I am 
familiar with statistical packages, e.g.  Graph Pad  
 
I have set up and maintained organisation in numerous labs as well as routine 
equipment maintenance, stock taking and ordering, financial auditing and aspects of 
health and Safety including COSHH: I am formally qualified as a (BTI) Biosafety 
practioner (SCQF Level #11) 
 
I have extensive experience of training, supervising, mentoring, formally lecturing 
and organising practical workshops for both undergraduate students and 
postgraduate students/staff. I have participated in outreach activities, including 
scientific tours and specialists lectures to volunteers and admin staff linked to the British 
Heart Foundation (BHF)  
 
I have presented at internal seminars & both national & international meetings; In 
addition I have presented at Industrial workshops (Anachem). I have coauthored in 
excess of 40 peer reviewed poster presentations & publications and also text book 
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materials, resulting in 300 Citations, including 4 non patent citations I have participated 
in projects with international media coverage e.g. BBC world service; both BBC & 
channel 4 television, Africa & US media.  
 
I am a review Editor (Infectious diseases) for 'Frontiers in Microbiology'  
 
 
CURRENT POSITION: CORE RESEARCH TECHNICIAN 


 BHF Cardiovascular Sciences Research Centre, Glenfield Hospital, University of 
Leicester 


 lsh11@le.ac.uk - +44 (0)116 204 4747 
 https://www.linkedin.com/in/laurence-dawkins-hall-a0856074/ 
 https://www.indeed.com/r/121fa3f4d719943d?sp=0 


 
 
Post Graduate Work Experience (2017 – 2002): 
 
February 2015 – Present (Permanent): Research Core technician, BHF 
Cardiovascular Research Centre, Cardiovascular Sciences, Glenfield Hospital, 
University of Leicester LE3 9QP.  
 
Manage the day by day running of a post graduate (BHF) cardiovascular research 
lab involved in characterising genetic biomarkers linked to cardiovascular 
disease. This involves: 
 
• Stock taking and smarter purchasing; financial auditing of consumables, including 


consumables budget management 
• Equipment maintenance and repair (including different automated platforms), 


including liasing with Medical technology representatives and engineers 
• Laboratory management, including assisting with setting up/improving and 


maintaining organization within  molecular biology & microbiology laboratories; 
Waste stream procurement &  management, including provision of recycling by 
external couriers; Planning and occasionally leading monthly lab 
management/housekeeping meetings    


• Enforcing good laboratory practice, including devising COSHH forms and training 
students in their ‘best practice’ & use 


• Linked to the above, liasing with medical sales and technical representatives, 
including product evaluation 


•  Assisting students with & autonomous participation in lab based project work, 
including optimisation of procedures/Techniques e.g. IHC for evaluating gene 
expression in cardiovascular in vivo models,  Cardiovascular ‘In Vitro’ modelling by 
tissue culture (investigation of platelet modulation of tumour metastasis & compound 
which inhibit this pehnomenon; Real time qPCR of  candidate gene expression in 
clinical samples linked to longitudinal cardiovascular prognostic studies, in order to 
identify biomarkers and stratify patient samples & in separate studies identify 
compounds that modulate cardiotoxicity     


• Bench supervision, technical advice & technical instruction/training of Ph.D 
student(s) ad hoc, e.g. primer design using Primer Blast & BLAST; mapping primers 
to cDNA using Ref Seq derived from Ensembl/NCBI GenBank & training students in 
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RT PCR and real time qPCR; The latter includes aspects of data analysis such as 
gene expression evaluation (by algorithms such as ∆∆Ct/Livak analysis)  


• Devising standard operating procedures (SOPs) to standardise and implement ‘best 
practice’  


• In addition, I provide scientific tours and formal lectures to external lay visitors, e.g. 
BHF personnel & similarly internal (non scientific) administrative staff, as part of my 
‘outreach participation’  


• Providing lectures in job responsibilities to all staff at departmental ‘away days’ 
 
 
 
April 2014 – February 2015: Research Technician (TS #2), Immunology, Life 
Sciences, QMC, University of Nottingham, Nottingham NG7 2UH. 
 
Research Technician in a laboratory investigating macrophage ontogeny (M1/M2), 
antigen display & associated clinical pathologies in the context of simulated ex vivo 
(organotypic) models of skin & prosthetic inserts: 
 
• Set up and trained (Ph.D.) students in Gen bank transcript retrieval, targeted & 


optimal primer design and implementation and data analysis linked to RT PCR and 
qPCR assays (including ∆∆ Ct analysis) of pertinent (bio marker) transcripts  


• Contributed to published manuscripts & conference posters 
• Extract macrophages and monocytes from blood and quantify biomarker transcripts 


in RNA extracted from cytokine polarized ‘In vitro’ cultures cultures by qPCR 
• Immuno fluorescent staining of biomarkers on cytokine polarized macrophages 


cultured ‘In vitro’ on (trans well) prosthetic surfaces  and image enhancement using 
Adobe photoshop  


• Set up & trained students in Western blotting to examine candidate protein levels 
derived from aforementioned model systems 


• Stock taking, ordering (Agresso) and laboratory organization and GLP 
 
 
August 2013 – April 2014 (Fixed term): Research Technician (TS #3), Veterinary 
Medicine & Science, Sutton Bonnington, University of Nottingham, Nottingham 
LE12 5RD. 
 
Technical project manager on a Novartis funded drug discovery project, designed to 
identify compounds that inhibit Acanthamoeba Castellanii. Compounds identified from 
(small molecule) libraries (~1000) that inhibit encystation; Job Scope: 
 
• Maintenance of In vitro parasite stocks (Category II tissue culture) 
• In vitro interrogation of parasites with library compounds (cytotoxic assay) 
• Adoption and adaption of existing protocols to high through put screening context 
• Continued development & standardization of drug screening (counting based 


cytotoxic) assay 
• Secondary screening of statistical lead compounds to substantiate efficacy (i.e. IC50) 
• Communicating & co ordinating project logistics & results to lab based assistants and 


project partners (Novartis & Managed Chemical compound Facility, School of 
Pharmacy)  


• Responsibility for generating, interpreting, troubleshooting & archiving data (Access) 



http://www.sciencedirect.com/science/article/pii/S0091674915016425

https://drive.google.com/file/d/0B0Hpm_fQCVvFSi12bXhsWF9qMkk/view





• Statistical, QC (Z score; t analysis; 99% CI), & pharmacological (IC50) data analysis  
• Training, mentoring & full time supervision of three other  project personnel  


 
 


October 2012 – August 2013 (fixed term): Research Technician (TS #3), Clinical 
Oncology, University of Nottingham, City Hospital, Nottingham NG5 1PB 
 
Characterization of key biomarkers associated tumour biochemistry/tissue re modeling, 
orchestrated by Cysteine proteases (Calpains), and potential consequences for 
pathogenesis, prognosis, metastasis and diagnosis of breast cancers:  
 
• Screening panels of biomarkers against protein lysates  derived from breast 


carcinoma tissue by Western blotting (including use of  blocking peptides to verify 
specificity) 


• Histo pathological characterization of markers by IHC using tissue micro arrays 
derived from biopsies of graded tumour specimens 


• Serological characterization of biomarkers by ELISA 
• In situ characterization of biomarker RNA (CISH; RNAscope®) 
• In Vitro  modeling of (carcinoma) cell motility, including pharmacological 


manipulation of Calpains and biochemical(fluorescent) analysis 
• Mentoring and training students in particular techniques 
• Supervising/instructing M.Sc. & B.Med.Sci. students’ 
• Stock taking and ordering 
• General housekeeping activities for (PI) research group 


 
 
November 2008 – October 2012 (Fixed term): Research Technician/Lab manager 
(Band #5 to 6), Centre for Immunology, Infection & Evolution Research, University 
of Edinburgh, Edinburgh EH9 3JT. 


 
Drug discovery program (NIH/MRC/Wellcome funded) to identify antagonists of a 
Trypanosome respiratory complex associated with mitochondrial (Kinetoplast DNA) 
encoded proteins. In particular, small scale ‘proof of concept’ and large scale drug 
screen programs were implemented based on rational drug design to a key respiratory 
component of Trypanosome    


 
• Development of a high throughput (FRET based) ligase assay for identifying (small 


compound) antagonists of an enzyme target (REL1) in T. Brucei: 
• Optimized with respect to recombinant enzyme (rREL1) expression; dye labeled 


oligo design; enzyme activity; reaction chemistry; reaction kinetics  (including Km); 
denaturation conditions; Enzyme stability (excipient considerations) & throughput  


• Identification of  ligase antagonists (IC50) using a preliminary  radioactive assay for 
limited compound screens 


• ‘In vivo’ determination of cytotoxicity & efficacy (EC50) using Alamar blue (Cat III 
parasite culture) 


• Cloning, transformation, expression & purification  (ACTA ® LC) of target enzyme 
• Confirmation (Western blotting) & characterization (PAGE & FRET) of expression 
• Real time PCR interrogation of key complex component transcripts 
• Data analysis linked to above utilizing MS Excel; Graph Pad & Sigma plot 
• In house progress reports & lab presentations 
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• Contribution to published manuscripts & conference posters 
• Active communication/collaboration with partners in the UK & USA regarding assay 


set up and implementation of high through put drug screens 
• Departmental seminars & external (first author) poster presentations 
• Training and mentoring of hotel and resident staff (students & post docs) 


 
Assisted with the laboratory set up; Oversaw stock taking and ordering (Syquest), liasing 
with medical technology representatives; assisted with equipment evaluation and 
purchase, including procuring quotations; and all aspects of health & safety, including 
COSHH, as a proxy for the PI. Formally qualified to discharge health & safety 
responsibilities as a (BTI) Biosafety Practioner Level #1 (foundation). 
 
 
November 2005 - November 2008 (Fixed Term): Research Assistant (Band #6), 
EBRC, Roslin Institute, University of Edinburgh, Edinburgh EH25 9RG 
 
Genetic characterization (host parasite interaction) of Trypanosome infection in cattle; 
Functional genomics consortium: 
 
RNA extracted from African clinical samples; data base archived (Access); QC assayed 
(Agilent chip & Nanodrop); amplified and derived cRNA used to interrogate Affymetrix 
Micro array (3’ EST & exome) chips & Cy3/Cy5 (Amersham) spotted arrays. Preliminary 
QC metrics (GCOS, Expression Console and dChip) performed. Data disseminated by 
FTP. Transcripts interrogated by real time (RT) PCR. Contributed to departmental 
seminars & in house lab meetings. Participated in electro elution preparation & 
sequencing of BAC end library fragments for transgenic micro injection. 
Trained/mentored project students & contributed to equipment evaluation (Gel 
Documentation systems). Contributed reports to consortium news letter. Contributed to 
manuscripts,  conference posters & text book materials 
 
 
October 2002 - October 2005 (Fixed term) Technician (Band #5), Cardiovascular 
sciences, University of Leicester, Glenfield hospital, Leicester LE3 9QP. 
 
Genetic aspects contributing to hypertension investigated. Functional genomics 
approach utilizing normotensive & hypertensive congenic rats, which were mined for 
candidate genes (& associated causal SNPS's) mapping to defined QTL's: 
 
 


• Maintenance, troubleshooting & method development associated with AB 3700 
sequencing 


• Interrogation/validation of data base transcript models (Ensembl & NCBI 
GenBank) linked to genes within introgressed (QTL) regions by targeted Exome 
RT PCR & Sanger sequencing 


• Contig builds (Sequencher 4.2) to identify (putative) causal SNP's 
• Western blotting of candidate genes 
• Contributed to published manuscripts & Conference posters 
• Training and mentoring of staff in any and all of the above 
• Full time supervision of a genomic technician (~ 6 months) 
• Presentations at lab meetings and participation at external meetings 
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• Marker assisted breeding of transgenic mice based on tail chop DNA sample 
genotyping 


• Contributed to miscellaneous housekeeping duties, viz. Laboratory organization, 
implementation of GLP, stock taking and ordering, equipment maintenance 


 
 
 
Post Graduate Work Experience summary (1985 – 2002): 
 
 
 
1) 2001 – 2002: Research Associate, Rubicon Genomics, 4370 Varsity Drive, Ann 


Arbor, Michigan, USA: Targeted genomic sequencing projects 
2) 2000 – 2001: Research Assistant, Einstein Genome Center, AECOM, 1695 Poplar 


Street, New York 10461, USA: Shotgun genome sequencing of mouse libraries 
(public consortium participant) 


3) 1995 – 2000: Senior Technician (TS #4))/Experimental Officer (TS #5)), School of 
Medicine, Manchester University, Oxford Road, Manchester M13 9PT. 


4) 1992-1995: (Fixed term) Technician (TS #3)), School of Biological Sciences, 
Manchester University, Oxford Road, Manchester M13 9PT. 


5) July 1992-Dec. 1992: (Fixed term) Technician (TS #2), Faculty of Biomedical 
Sciences, University of Nottingham, Queen’s Medical Centre, Nottingham. 


6) 1988-1992: Research Technician, Ludwig Institute for Cancer Research, London. 
7) 1987-1988: Technician/Research Officer, Cancer Research UK, London. 
8) 1985: Intercalated year, Immunology Division, BBSRC Institute of Animal Physiology, 


Babraham, Cambridge. 
 


http://orcid.org/0000-0002-6138-6715 
 


 
Summarised laboratory skills 
 
 


DNA: Cloning; DNA extraction (genomic, plasmid, BAC, PCR, ); gel 
electrophoresis (Agarose/Urea-Acrylamide); Dye labeled oligo 
PAGE (genotyping/ Genome scans); PCR; Electro elution; 
Transfection; Southern blotting; Primer design 


RNA: Extraction; RT PCR; Real time qPCR; Taq Man allelic discrimination 
(real time) PCR Northern blotting; In vitro transcription & In situ 
hybridization; CISH (RNAscope ®); Native PAGE; Exome & whole 
transcript Affymetrix Micro array chip  analysis; RNA/cDNA 
amplification; Agilent Nanochip. 


Sequencing: Cross platform automated (Sanger) DNA sequencing (ABI; Licor; 
Amersham); Phred (Q20/40) analysis; Contig building (Sequencher); 
primer design/primer walking (Oligo 3.0); Gap filling/high throughput 
sequencing of shot gun cloned (BAC insert derived) PUC libraries. 
Cycle sequencing method development. Targeted EXOME 
sequencing 
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Protein 
Chemistry: 


Protein extraction & quantitation (Bradford assay); Protein 
expression (E Coli); Coomassie SDS PAGE; Western blotting; 
Immuno precipitation;  Affinity (AKTA® FPLC) purification; ELISA.  


Histo 
chemistry: 


Immuno histochemistry (FFPE); immune cyto chemistry. TMA 
staining 


Tissue culture: Mycoplasma screening; Mammalian culture; primary culture; Cat 
II/III parasite culture; Viability assays (viz. Alamar blue/Trypan blue). 
Cytotoxic assays. Migration assays 


Drug/Assay 
development 


High throughput assay optimizations; radio ligand (mimetic) assay 
Enzyme kinetics, e.g.  Km evaluation; IC50; EC50 (Graph Pad Prism® 
& Sigma Plot® & SPSS) & ‘Hit to lead’ compound library screens     


 
 


 
Computing Skills 
 
 
1. General: Microsoft office (Word; Outlook; Power Point; Excel; Access); Adobe 


Acrobat; Illustrator; Photoshop; Web building; Agresso; Syquest 
2. Bioinformatics: ENSEMBL; NCBI; TrypDB; Sequencher; SeqScape; Vector 


NTI; Trace tuner (PHRED); Oligo 3.0; Primer 3.0; Oligo Calculator; Net primer;  
GeneScan & Gene Mapper 4.0; Chromas; Bioedit; SeqEd; ABI view; 
GCOS/Expression Console (Affymetrix); d Chip; Blue fuse; Freezerworks Data base 


3. Statistics: Gen stat; SPSS; Graph Pad; Sigma Plot  
 


 
 


Education 
 
 


 B.Sc. Biomedical Sciences (2.2) Bradford University (1987): NVQ Level #5 
 City & Guilds, Information Technology & Computing (1990): NVQ Level #4 
 (Former) Personal animal project license holder (#60/12113) 
 (BTI) Biosafety Practitioner Level #1 (foundation): SCQF Level #11. NVQ Level #4 


 
 
Inter personnel/management skills 
 


 Preparation, delivery and organization of sequencing course module for M. Res. 
students  


 Formal lecturing of M.Sc. students relating to DNA technologies 
 Technical straining of students and staff 
 Project management & Bench supervision 
 Financial auditing & resource allocation  
 Participation in interview panels (UoE) 
 Intellectual & data input into the design & content of published manuscripts 
 Management of budgets including financial auditing 
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 Outreach activities, including provision of lectures and scientific lab tours to both in 
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provided detail, theoretical principles and data clarification to Ph.D 
students in order for them to submit posters at national and 
international conferences and also formulate manuscripts for peer 
reviewed publication  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How: (how do you keep up-to-date) 
 
1) As described above I personally consult both technical and 
subject based research literature in notable Medical Research 
Journals 

2) In addition to the above & with specific reference to technical 
literature I augment my knowledge by contributing and adducing 
from technical forums such as Research Gate 

https://www.researchgate.net/profile/Laurence_Dawkins-Hall
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3) In the case of a research project investigating tumour diapedesis 
by In vitro  modelling, posing a question about a seminal assay on 
research gate culminated in personal communication with 
somebody well versed in this assay who could provide technical 
literature and answers to specific assay related queries 

4) In addition to analogous activities in my prior Infectious diseases 
position and work directed towards drug discovery I also 
participated in a monthly journal club where literature pertinent to 
all aspects of Trypanosome research, taken from particular papers 
in research journals was appraised 

5) In a former position at the University of Nottingham 
(circa 2014-2015) I spent time writing up the materials and 
methods of manuscripts for publication pertaining to analytical 
methods I assisted and trained Ph.D students in (RT PCR and real 
time qPCR): See my extended CV for reference details, if required. 
In addition I communicated in person at the time with Ph.D 
students regarding such materials and data and provided a general 
theoretical basis and principles of such (gene expression) analysis. 
Subsequently, in my present post, I communicated with these 
students via e mail, clarifying data problems and requisite 
presentation requirements for publication, rooted in theoretical 
principles, which I explained. Thus far,  this has resulted in one 
major publication as well as a series of both National & 
international conference poster presentations, with myself as a co 
author  
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The mannose receptor negatively modulates the
Toll-like receptor 4–aryl hydrocarbon
receptor–indoleamine 2,3-dioxygenase axis in
dendritic cells affecting T helper cell polarization

Fabi�an Salazar, MSc,a Laurence Hall, BSc,a Ola H. Negm, PhD,a,b Dennis Awuah, MSc,a Patrick J. Tighe, PhD,a


Farouk Shakib, PhD, FRCPath,a and Amir M. Ghaemmaghami, MD, PhDa Nottingham, United Kingdom, and Mansoura, Egypt

Background: Dendritic cells (DCs) are key players in the
induction and re-elicitation of TH2 responses to allergens. We
have previously shown that different C-type lectin receptors on
DCs play a major role in allergen recognition and uptake. In
particular, mannose receptor (MR), through modulation of Toll-
like receptor (TLR) 4 signaling, can regulate indoleamine 2,3-
dioxygenase (IDO) activity, favoring TH2 responses.
Interestingly, the aryl hydrocarbon receptor (AhR), a ligand-
dependent transcription factor with an emerging role in
immune modulation, has been implicated in IDO activation in
response to TLR stimulation.
Objective: Herewe investigated howallergens and lectinsmodulate
the TLR4-AhR-IDO axis in human monocyte-derived DCs.
Methods: Using a combination of genomics, proteomics, and
immunologic studies, we investigated the role of MR and AhR in
IDO regulation and its effect on T helper cell differentiation.
Results: We have demonstrated that LPS induces both IDO
isoforms (IDO1 and IDO2) in DCs, with partial involvement of
AhR. Additionally, we found that, like mannan, different
airborne allergens can effectively downregulate TLR4-induced
IDO1 and IDO2 expression, most likely through binding to the
MR. Mannose-based ligands were also able to downregulate IL-
12p70 production by DCs, affecting T helper cell polarization.
Interestingly, AhR and some components of the noncanonical
nuclear factor kB pathway were shown to be downregulated
after MR engagement, which could explain the regulatory
effects of MR on IDO expression.
Conclusion: Our work demonstrates a key role for MR in the
modulation of the TLR4-AhR-IDO axis, which has a significant
effect on DC behavior and the development of immune
responses against allergens. (J Allergy Clin Immunol
2016;137:1841-51.)
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Allergic diseases are typically characterized by an exacerbated
immune response against allergens, leading to TH2 polarization
and production of allergen-specific IgE. Despite recent advances,
the early events leading to allergic sensitization and the elicita-
tion of TH2 immune responses are still unclear. Dendritic cells
(DCs) are specialized antigen-presenting cells that play an
important role in the induction and re-elicitation of TH2 allergic
immune responses.1-4 Recent work by us and others has shown
that C-type lectin receptors (CLRs), such as mannose receptor
(MR) and dendritic cell–specific intracellular adhesion molecule
3–grabbing nonintegrin (DC-SIGN), play a major role in the
recognition and uptake of allergens, the initial steps leading to
allergic sensitization.1,5-10 Interestingly, under certain condi-
tions, DC-SIGN and MR ligation can have opposing effects on
T-cell polarization.5,6 MR is a multifunctional endocytic receptor
with 2 independent carbohydrate-binding domains that recognize
sulfated and mannosylated structures, respectively.11 Several
studies have demonstrated that CLR activation can modulate
pattern recognition receptor–induced activation, particularly
Toll-like receptor 4 (TLR4) signaling, and the downstream
events leading to TH2 cell polarization.1,5,12-16 We have previ-
ously shown that Der p 1, the main allergen from house dust
mite (HDM), in the presence of low levels of LPS downregulates
indoleamine 2,3-dioxygenase (IDO) through engagement of MR
on human DCs, leading to a TH2 immune response.5 These data
show the involvement of MR in inducing TH2 allergic immune
responses through regulation of IDO activity in human DCs
with the participation of TLR4 signaling; however, the exact
mechanism remains unclear.


IDO is an enzyme that catalyzes the degradation of the essential
amino acid tryptophan (TRP) into N-formyl-kynurenine, the first
and rate-limiting step of TRP catabolism in the kynurenine
(KYN) pathway.17,18 IDO has been demonstrated to be involved
in diverse immunoregulatory processes in both health and dis-
ease.17,18 In particular, it has been shown that IDO has a protective
role in several models of experimental asthma.19-24 Furthermore,
clinical studies have shown that asymptomatic nonatopic subjects
have higher systemic IDO activity than symptomatic atopic sub-
jects, whichmight support the notion of IDO as a protector against
allergy.25,26 However, the mechanism of IDO regulation in these
models, particularly in a human context, has remained elusive.


Aryl hydrocarbon receptor (AhR) is a ligand-dependent
transcription factor involved in sensing intracellular or
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Abbreviations used

AhR: A

ryl hydrocarbon receptor

CLR: C

-type lectin receptor

CT-DC: C

ontrol dendritic cell

CYP1A1: C

ytochrome P450 1A1

DC: D

endritic cell

DC-SIGN: D

endritic cell–specific intracellular adhesion molecule


3–grabbing nonintegrin

GAPDH: G

lyceraldehyde-3-phosphate dehydrogenase

HDM: H

ouse dust mite

IDO: In

doleamine 2,3-dioxygenase

IRAK-M: IL

-1 receptor–associated kinase M

KYN: K

ynurenine

MR: M

annose receptor

NF-kB: N

uclear factor kB

NIK: N

F-kB–inducing kinase

siRNA: S

mall interfering RNA

TLR: T

oll-like receptor

TRP: T

ryptophan

environmental changes.27 KYN, one of the main metabolites pro-
duced in the IDO-dependent TRP degradation pathway, can acti-
vate AhR, leading to generation of regulatory T cells.28 In
addition, previous observations in mouse DCs have suggested
that AhR mediates IDO induction in response to TLR
agonists.29,30


Here we sought to investigate how allergens modulate the
crosstalk between MR and TLR4 in the context of IDO and to
establish whether AhR plays a role in IDO regulation in human
DCs. We have demonstrated that different airborne allergens,
most likely through binding to MR, can significantly down-
regulate TLR4 induction of IDO and impair the DC response
to LPS, as evidenced by suppression of IL-12 production and
priming TH1 responses. Furthermore, for the first time, we
show coregulation of AhR and components of the noncanoni-
cal nuclear factor kB (NF-kB) pathway with IDO expression,
suggesting that a functional and/or physical association be-
tween them could be involved in IDO regulation in human
DCs. These data further highlight the intrinsic immunomodu-
latory properties of allergens through engagement with CLRs
and can help us to better understand how allergens can modu-
late DC behavior and bias T-cell responses toward the TH2 im-
mune phenotype.

METHODS


Generation of human DCs from blood samples
Buffy coat samples were obtained from healthy volunteers after obtaining


written informed consent and approval of the local ethics committee (National


Blood Service, Sheffield, United Kingdom). DCswere generated, as described


previously.5,31 Briefly, PBMCs were separated by means of density gradient


centrifugation on Histopaque (Sigma-Aldrich, St Louis, Mo). CD141 mono-


cytes were isolated from PBMCs by means of positive selection with a mag-


netic cell separation system (Miltenyi Biotech, Woking, United Kingdom;


purity >95%) and then seeded inRPMI 1640medium (Sigma-Aldrich) supple-


mented with 10% vol/vol heat-inactivated FBS, 100 U/mL penicillin, 100 mg/


mL streptomycin, and 2 mmol/L L-glutamine (all from Sigma-Aldrich).


Monocyte differentiation into DCs was carried out for 6 days in the presence


of 50 ng/mL GM-CSF and 250 U/mL IL-4 (both fromMiltenyi Biotech). Hu-


man peripheral blood myeloid DCs were isolated by using the CD1c1 Den-


dritic Cell Isolation Kit (Miltenyi Biotech), according to the manufacturer’s


instructions.

Quantification of IDO activity
DCs (2.53 105 cells/mL)were seeded in a 24-well platewith completeme-


dia supplemented with 100 mmol/L L-TRP (Sigma-Aldrich). After stimula-


tion, IDO activity was measured by means of quantification of KYN levels


in the culture supernatant by using a colorimetric assay, as described previ-


ously.5 Allergen extracts were purchased from Greer Laboratories (Lenoir,


NC). Typical endotoxin content of HDM preparations was 26.1 EU/mg


protein.

Flow cytometric analysis
Antibodies against IFN-g (clone B27), IL-4 (clone MP4-25D2), and MR


(clone 19.2) were purchased from BioLegend (London, United Kingdom).


Antibodies against CD80 (clone MAB104), CD83 (clone HB15a), CD86


(clone HA5.2B7), MHC class II (clone Immu-357), CD4 (clone 13B8.2), and


DC-SIGN (clone AZND1) were purchased from Beckman coulter (High


Wycombe, UnitedKingdom). Antibodies against PDL2 (cloneMIH18), PDL1


(clone MIH1), and ICOSL (clone 2D3/B7-H2) were purchased from BD


Biosciences (San Jose, Calif). Antibody against AhR (clone FF3399) was


purchased from eBioscience (Hatfield, United Kingdom). Antibody against


IDO1 (clone 700838) was purchased from R&D Systems (Abingdon, United


Kingdom). Antibody against TLR4 (cloneHTA125) was purchased fromAbD


Serotec (Kidlington, United Kingdom). Nonreactive isotype-matched anti-


bodies were used as controls. Briefly, cells were harvested and washed twice


with PBS containing 0.5% BSA and 0.1% sodium azide (all from Sigma-


Aldrich). At this point, surface staining was done for 20 minutes at 48C. For
intracellular staining, cells were fixed for 10minutes at room temperaturewith


formaldehyde 4% (Sigma-Aldrich). They were then washed twice with


permeabilization/wash buffer (PBS containing 0.5% BSA and 0.1% sodium


azide with 0.5% saponin, Sigma-Aldrich), stained for 30 minutes at 48C, and
washed twice in the same buffer before analysis in an FC 500 Flow Cytometer


(Beckman Coulter).32 Intracellular staining for cytokines was analyzed in a


MoFlo XDP Flow Cytometer (Beckman Coulter). All data analysis was


done with Weasel software (Walter and Eliza Hall Institute for Medical


Research, Melbourne, Australia).


mRNA isolation, cDNA synthesis, and PCR
Cells were washed twice in ice-cold PBS, and total RNA extraction was


carried out with the RNeasy Plus Minikit (Qiagen, Manchester, United


Kingdom), according to the manufacturer’s instructions. Samples were then


DNase treated with the TURBO DNA-free kit (Thermo Fisher Scientific,


Waltham, Mass), and total RNAwas concentrated through ethanol precipita-


tion. cDNA was synthesized from total RNA by using the SuperScript III


First-Strand Synthesis Kit (Thermo Fisher Scientific), according to the


manufacturer’s instructions.


Conventional PCR was carried out in a TC-312 PCRThermocycler (Bibby


Scientific, Stone, United Kingdom) by using the Phusion Flash High-Fidelity


PCRMaster Mix (Thermo Fisher Scientific). Cycling was initiated at 988C for


10 seconds, followed by 30 cycles of 988C for 1 second, 648C for 5 seconds,


and 728C for 15 seconds; the final extension was done at 728C for 1 minute.


Then the PCR products were analyzed in an E-Gel Precast 2% Agarose


Electrophoresis System (Thermo Fisher Scientific).


Quantitative real-time PCR was performed in a Strategene MxPro 3005P


qPCR System with the Brilliant III Ultra-Fast SYBRGreen qPCRMaster Mix


(Agilent Technologies, Santa Clara, Calif). Cycling was initiated at 958C for


3 minutes, followed by 40 cycles of 958C for 20 seconds and 608C for


20 seconds, and a melting curve was done at the end. Samples were run in


triplicates, and relative expression was calculated by using the comparative


threshold cycle method, also known as the DD cycle threshold method


normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH).33,34


Primers were obtained from Eurofins (Luxembourg): GAPDH forward


(59-GAGTCAACGGATTTGGTCGT-39), GAPDH reverse (59-GACAAG
CTTCCCGTTCTCAG-39), IDO1 forward (59-GGCACACGCTATGGAAA
ACT-39), IDO1 reverse (59- GAAGCTGGCCAGACTCTATGA-39), IDO2
forward (59-CTGATCACTGCTTAACGGCA-39), IDO2 reverse (59-TGCC
ACCAACTCAACACATT-39), AHR forward (59-ATCACCTACGCCAGT







J ALLERGY CLIN IMMUNOL


VOLUME 137, NUMBER 6


SALAZAR ET AL 1843

CGCAAG-39), AHR reverse (59-AGGCTAGCCAAACGGTCCAAC-39),
cytochrome P450 1A1 (CYP1A1) forward (59-CACAGACAGCCTGATT
GAGCA-39), CYP1A1 reverse (59-GTGTCAAACCCAGCTCCAAAGA-39),
RELB forward (59- TCGTCGATGATCTCCAATTCAT-39), RELB reverse


(59-CCCCGACCTCTCCTCACTCT-39), MR forward (59-CGTTTACCAAA
TGGCTTCGT-39), and MR reverse (59-CCTTGGCTTCGTGATTTCAT-39).

Cytokine measurements
Cell-free supernatants were collected and stored at2208C before analysis.


Cytokine (IL-6, IL-10, IL-12p70, TGF-b, and IFN-a) concentrations were


analyzed by using the ProcartaPlex Multiplex Immunoassay system (eBio-


science), according to the manufacturer’s instructions. IFN-g levels were


measured using the DuoSet ELISA System (R&D Systems), according to


manufacturer’s instructions.

RNA interference
Small interfering RNA (siRNA) analysis was carried out as previously


described with slight modification.5,6 MR and AhR siRNA were the


SMARTpool:ON-TARGETplus siRNA from GE Healthcare (Little Chalfont,


United Kingdom). The control siRNA was the ON-TARGETplus Non-


targeting control from GE Healthcare. Monocytes were transfected on day


0 with 50 nmol/L siRNA by using the DharmaFECT 2 Transfection Reagent


(GE Healthcare). Inhibition was assessed at day 6.

Reverse phase protein microarray
After stimulation, DCs were washed twice with ice-cold PBS and lysed in


60 mL of RIPA buffer containing protease and phosphatase inhibitors (all


from Thermo Fisher Scientific). For the reverse phase protein microarray, the


procedure described by Negm et al35 was followed. After denaturation,


samples were spotted onto nitrocellulose-coated glass slides (Grace


Bio-Labs, Bend, Ore) with a microarray robot (MicroGrid 610; Digilab,


Marlborough, Mass). Then slides were incubated overnight in blocking


solution (0.2% I-Block [Thermo Fisher Scientific] and 0.1% Tween-20 in


PBS [Sigma-Aldrich]) at 48C. After washing, slides were incubated with


primary antibodies overnight at 48C. b-Actin antibody was included as a


loading control. All antibodies were purchased from Cell Signaling


Technologies (Danvers, Mass). After washing, slides were incubated with


infrared Licor secondary antibodies for 30 minutes at room temperature in


the dark. Finally, slides were scanned with a Licor Odyssey scanner


(LI-COR Biosciences, Lincoln, Neb). The resultant TIFF images were


processed with GenePix Pro-6 Microarray Image Analysis software


(Molecular Devices, Sunnyvale, Calif). Protein signals were finally


determined by using background subtraction and normalization to the inter-


nal housekeeping targets. Signal values represented on the color scale for the


heat map are log2 transformed from arbitrary fluorescence units and normal-


ized by using the SD. Heat maps were generated with TMEV software.

DC/T-cell coculture
Human DCs were treated or not with mannan from Saccharomyces cerevi-


siae (10 mg/mL, Sigma-Aldrich) and cocultured in the presence of LPS


(0.01 mg/mL, Sigma-Aldrich) in 96-well U-bottom plates (Corning Life Sci-


ences, Tewksbury,Mass) with CD31CD45RA1 autologous naive T cells (DC/


T-cell ratio 1:10) purified by means of immunomagnetic cell sorting (Miltenyi


Biotech) in RPMI 1640 supplemented with 5% human AB serum, 100 U/mL


penicillin, 100 mg/mL streptomycin, and 2 mmol/L L-glutamine (all from


Sigma-Aldrich). After 3 to 4 days, IL-2 (5 ng/mL, R&D Systems) with fresh


media was added to the coculture. After another 3 to 4 days, T cells were re-


stimulated with anti-CD3 (Sigma-Aldrich) and anti-CD28 (2 mg/mL) for


18 hours (AbD Serotec). For intracellular staining, brefeldin-A (10 mg/mL,


Sigma-Aldrich) was added after 2 hours, and production of IL-4 and IFN-g


was detected on CD41 cells by using specific antibodies. Quadrants were


set in a way that 99.5% of the cells were in the bottom or left quadrant in


the fluorescence minus one controls accordingly.

Statistical analysis
Means6 SEMs are shown, unless otherwise stated. ANOVA or the Student


t test was applied. For all statistical analysis, GraphPad Prism 5 software


(GraphPad Software, La Jolla, Calif) was used.

RESULTS


TLR4 agonist induce IDO1 and IDO2 in human DCs
Our data clearly show that LPS on its own can effectively


induce expression of both IDO isozymes (IDO1 and IDO2) and
IDO activity in human monocyte-derived DCs, as well as in
peripheral blood myeloid DCs (Fig 1). This is in contrast to pre-
vious reports in which costimulation with either IFN-g or prosta-
glandin E2 was deemed to be essential.36-39 Additionally, this
effect was observed with LPS from different bacterial sources,
such as Escherichia coli and Salmonella minnesota (Fig 1, A,
and data not shown). Some LPS preparations are thought to be
contaminated with small quantities of other bacterial components
that could also activate TLR2 signaling. To confirm that the
outcome on IDO was mediated by TLR4 engagement, we tested
the effect of ultrapure LPS, as well as the synthetic diacylated li-
poprotein fibroblast-stimulating lipopeptide-1 (FSL-1), as a spe-
cific TLR2 agonist. Our data showed similar dose-dependent
effects induced by increasing concentrations of ultrapure LPS
(Fig 1, B), whereas FSL-1 did not affect IDO activity in human
DCs (data not shown). Interestingly, our data also show a bell-
shaped dose response for IDO activity after TLR4 activation
with LPS from E coli, with high levels (10 mg/mL) inducing
less IDO activity than low levels (0.1 mg/mL) in human DCs.
However, this was not the case for ultrapure LPS, in which we
observed a dose-dependent induction of IDO activity in human
DCs. The effect of LPSwas not associated with cell death because
high levels of LPS did not affect cell viability, as quantified by the
presence of annexin-V and propidium iodine (data not shown).

TLR4 induction of IDO1 and IDO2 is downregulated


by allergens from diverse sources
After establishing the role of LPS in IDO regulation, we


investigated how different allergen extracts (ie, HDM extract
from Dermatophagoides pteronyssinus, German cockroach
extract from Blattella germanica, and Bermuda grass pollen
extract from Cynodon dactylon) can modulate IDO activity in
the presence and absence of LPS. A slight downregulation in
IDO activity levels was observed when human DCs were exposed
to allergen extracts alone, but this did not reach statistical signif-
icance. However, allergen extracts from HDM, cockroach, and
pollen were able to significantly reduce LPS-driven upregulation
of IDO in human DCs (Fig 2, A).


We have previously shown that many allergens from diverse
sources (including HDM and cockroach) are heavily mannosy-
lated7 and that such sugar moieties play a key role in
CLR-mediated allergen recognition and uptake by DCs.1,7


Accordingly, we studied the effect of highly mannosylated sugars
in IDO regulation by using mannan as a prototypical high-
mannose carbohydrate that can be recognized by MR.40,41 Here
we have shown that mannan is able to downregulate both IDO1
and IDO2 gene expression and activity in human DCs (Fig 2, B
andC). These data suggest a key role for carbohydrates in allergen
preparations in modulating IDO in human DCs.







FIG 1. A, IDO activity in DCs stimulated with LPS (n5 5). B, IDO activity in DCs stimulated with ultrapure LPS


(n5 2). C, IDO activity inmyeloid DCs stimulated with 0.01 mg/mL LPS (n5 2).D, IDO1/IDO2 gene expression


in DCs stimulated with 0.01 mg/mL LPS (n >_ 3). E, IDO1 protein expression in DCs stimulated with 0.1 mg/mL


LPS (n 5 5). All stimulations are for 24 hours. **P <_ .01 and ****P <_ .0001.
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Mannose-based ligands downregulate TLR4-


induced IL-12p70 production in human DCs and


affect T helper cell polarization
Several cytokines have been linked with IDO regulation. In


particular, IL-10, TGF-b, and type I interferons have been
associated with IDO induction,18,25,42 whereas IL-6 has been
shown to be involved in IDO degradation.18 Additionally, it has
been suggested that specific MR agonists, such as the
mannose-capped lipoarabinomannans, can negatively regulate
TLR4-dependent IL-12 production in mouse macrophages.43


Accordingly, we studied how these cytokines are regulated by
mannan in human DCs. No significant differences were found
when DCswere stimulated withmannan alone compared with un-
stimulated DCs (data not shown). However, the presence of
mannan significantly reduced IL-12p70 production after LPS
stimulation compared with LPS alone (Fig 3, A). Similar results
were found after stimulating DCs with LPS in the presence of
HDM, cockroach, and pollen extracts (Fig 3, B). Subsequently,
we evaluated how different costimulatory receptors were regu-
lated under these conditions. No significant differences were
found for most of the receptors tested, except a significant down-
regulation in CD86 expression (Fig 3, C).


We then performed coculture experiments with DCs prestimu-
lated with either mannan, LPS, or both before coculture with
autologous naive T cells. Our data show a significant reduction in

IFN-g production by T cells that were cocultured with mannan
plus LPS–primed DCs compared with LPS-only control cells (Fig
3,D-F). This reduction in IFN-g levels was not due to reduced cell
viability and was reflected in both percentages of IFN-
g–producing cells and levels of IFN-gmeasured in the culture su-
pernatant (Fig 3, D and E). Given the nonatopic status of donors,
not surprisingly, we did not detect high levels of IL-4–producing
T cells except in 1 donor in whom there was a significant increase
in the percentage of IL-4–producing cells under mannan plus LPS
conditions (data not shown). Taken together, these results show
that allergen extracts and mannan can downregulate IDO in
DCs and suppress TH1 polarization.

MR mediates IDO downregulation by mannose-


based ligands
BecauseMR is not the only receptor involved in the recognition


of mannosylated structures on DCs, we sought to determine the
role of MR in mannan-mediated modulation of IDO activity in
human DCs. Using siRNA, we could knock down MR expression
on DCs by up to 80%, similar to our previous work (see Fig E1 in
this article’s Online Repository at www.jacionline.org).5 Control
dendritic cells (CT-DCs) and MRlow-DCs were stimulated with
mannan with or without LPS, and IDO activity wasmeasured after
24 hours of culture. These data clearly show an increase in IDO



http://www.jacionline.org





FIG 2. A, IDO activity in DCs stimulated for 24 hours with allergen extracts (10 mg/mL) and LPS (0.01 mg/mL;


n >_ 4). BGP, Bermuda grass pollen; GC, German cockroach. B, IDO activity in DCs stimulated for 24 hours


with mannan (M; 10 mg/mL) and LPS (n 5 5). C, IDO1/IDO2 gene expression in DCs stimulated for 24 hours


with mannan and LPS (n5 3). In costimulation experiments cells were stimulated with LPS, followed imme-


diately by allergen extracts. **P <_ .01, ***P <_ .001, and ****P <_ .0001.
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activity inMRlow-DCs comparedwith CT-DCs indicating thatMR
plays a key role in the IDO downregulation induced by mannan in
human DCs (Fig 4, A). Additionally, we found an inverse correla-
tion between MR and IDO1 expression in DCs stimulated with
mannan and LPS (Fig 4, B). A reduction in IDO1 levels was asso-
ciated with an increase in MR expression in DCs stimulated with
mannan. These data suggest that mannosylated allergens downre-
gulate IDO through MR engagement in human DCs.

IDO regulation in human DCs is partially dependent


on AhR
To study the role of the receptor transcription factor AhR in the


induction of IDO in human DCs, we generated AhRlow-DCs
through gene silencing (see Fig E2 in this article’s Online Repos-
itory at www.jacionline.org) and analyzed IDO activity after
TLR4 stimulation compared with that seen in CT-DCs. Our
data show a lack of IDO upregulation in AhRlow-DCs compared
with CT-DCs after TLR4 engagement (Fig 5, A), which suggests
that LPS-mediated IDO induction in human DCs is partially
dependent on AhR expression. Accordingly, we next sought to

evaluate how AhR expression and activity were regulated after
stimulating DCs with mannan in the presence and absence of
LPS. When DCs were stimulated with mannan and LPS, AHR
expression and activity, as assessed by measuring the expression
of one of its target genes (ie,CYP1A1), were significantly reduced
compared with those in DCs stimulated with LPS alone (Fig 5, B).
This shows that MR engagement can interfere with TLR4
signaling by modulating the AhR-IDO axis in human DCs.


Furthermore, we found that IL-10 production and IDO activity
were significantly lower in AhRlow-DCs than in CT-DCs, whereas
production of IL-12p70, a key cytokine involved in TH1 polariza-
tion, was not affected (Fig 5,C). For the first time, these data show
the important role of AhR in TLR4 signaling in human DCs, spe-
cifically in their regulatory functions, such as those mediated by
IDO and IL-10 production.

The NF-kB pathway is negatively regulated by MR


in human DCs
The NF-kB pathway plays a central role in driving immunity


and inflammation. TLR4 signaling induces the canonical NF-kB
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FIG 3. A, Cytokine production by DCs stimulated for 24 hours with mannan (M) and LPS. B, IL-12 production


by DCs stimulated with allergen extracts and LPS. BGP, Bermuda grass pollen; GC, German cockroach. C,


DC phenotype after 24 hours of stimulation with mannan and LPS. D and E, Percentage of IFN-g–positive


cells and IFN-g production by T cells in autologous cocultures, respectively. F, IL-4 and IFN-g intracellular


staining on CD41 cells (n 5 3). *P <_ .05, **P <_ .01, and ***P <_ .001.


FIG 4. A, IDO activity in CT-DCs and MRlow-DCs stimulated with mannan (M) and LPS for 24 hours. B, MR


and IDO1 protein expression in DCs stimulated with mannan and LPS for 24 hours. Median fluorescence in-


tensity (MFI) values were normalized by using a control unstimulated sample (n5 3). *P <_ .05, **P <_ .01, and


****P <_ .0001.
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pathway, resulting in p65 phosphorylation, nuclear translocation,
and induction of proinflammatory cytokine expression, which
activate the immune response.44 On the other hand, IDO induc-
tion has been shown to be under the control of the noncanonical
NF-kB pathway36,42,45 involving the generation of p52-RelB
complexes.44,46 Accordingly, we evaluated how MR modulates
both the canonical and noncanonical NF-kB pathway in human
DCs. To understand how different components of the NF-kB
pathway were regulated on TLR4 activation (in the presence
and absence of mannan), we used a reverse phase protein array

approach35 that enables simultaneous evaluation of protein
expression, as well as posttranslational modifications. First, we
evaluated a panel of 14 different targets at different time points
(10, 30, 90, 360, and 1080 minutes) by using b-actin as a house-
keeping control. Green (low expression) to red (high expression)
heat maps represent the relative abundance of proteins upstream
of the canonical and noncanonical NF-kB signaling pathway
(Fig 6, A). DCs stimulated with LPS exhibited a rapid induction
in p65 phosphorylation, with a peak at 90 minutes (canonical
NF-kB activation), which was followed by NF-kB–inducing







FIG 5. A, IDO activity in CT-DCs and AhRlow-DCs stimulated or not with LPS for 24 hours. B,AHR andCYP1A1
gene expression in DCs stimulated or not with mannan (M) and LPS for 24 hours. C, IL-12p70 and IL-10


production by CT-DCs and AhRlow-DCs stimulated or not with LPS for 24 hours (n 5 3). **P < .01 and


****P <_ .0001.
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kinase (NIK) accumulation at between 6 to 18 hours (a classical
indicator of non-canonical NF-kB activation; Fig 6, A and B).
However, mannan on its own did not induce NF-kB activation
(data not shown). Main differences were found in the levels of
phospho-p65, as well as the expression of RelB, in DCs stimu-
lated with mannan plus LPS compared with LPS only (Fig 6, A-
C). DCs stimulated with mannan and LPS showed a significant
decrease in a component of the noncanonical NF-kB pathway,
namely RelB (Fig 6, B and C), which was further confirmed at
the gene level by using quantitative RT-PCR (Fig 6, D). In addi-
tion, a decrease was observed in phospho-p65 levels at late time
points (Fig 6, B and C). Taken together, these data show that
MR ligation in human DCs impairs NF-kB activation in the pres-
ence of LPS. This antagonistic effect of MR on TLR4 activation
of the noncanonical NF-kB pathway could explain the effect on
the AhR-IDO axis described above, which perhaps might involve
a physical and functional association between AhR and RelB in
modulating IDO levels in human DCs.

DISCUSSION
Asthma is a common chronic inflammatory disease of the


conducting airways that affects millions of persons worldwide.
Allergic asthma is characterized by TH2 cell differentiation and
the presence of IgE antibodies against common inhaled allergens.
DCs have been shown to be pivotal in the early events, such as
allergen recognition and uptake, which lead to TH2 polarization
and ultimately allergic sensitization; however, how allergens
modulate DC functions and downstream T-cell responses is not
clear.1-4 Previous observations have shown that TLR4 signaling
is crucial for inducing TH2-mediated inflammation and

asthma,47-49 which is dependent on the levels of LPS exposure.49


Therefore it is reasonable to assume that allergens could poten-
tially modulate the DC response to LPS in favor of TH2 responses.
LPS-induced programming of human DCs is characterized by a
rapid increase in proinflammatory cytokine levels, followed by in-
duction of anti-inflammatory mediators that help resolve inflam-
mation. One of the keymolecules that mediate immunoregulatory
function in DCs is the TRP-metabolizing enzyme IDO.17,18 In
this study we first established how IDO is regulated in human
DCs in response to the TLR4 agonist LPS, showing IDO
upregulation in response to relatively low concentrations of
LPS (up to 100 ng/mL), followed by a reduction in IDO
expression at higher concentrations (Fig 1). These data were
confirmed after using ultrapure LPS, establishing involvement
of the TLR4 pathway only (Fig 1, B). Two IDO isozymes have
been identified, namely IDO1 and IDO2,50 with IDO1 being the
most extensively studied. Both genes have similar structures
and are situated adjacent to each other on human chromosome
8. Although both proteins have similar enzymatic activity, there
are different expression patterns in some pathological condi-
tions.51-53 Here, for the first time, we have shown that both IDO
isozymes are induced after TLR4 engagement (Fig 1, D).


We and others have previously shown that CLRs, such as MR
and DC-SIGN, are key receptors involved in allergen recognition
by DCs and in downstream events leading to TH2 cell polariza-
tion.1,5,6,8,10,54 In the case of MR, this is likely to be mediated
through downregulation of IDO activity5; however, the molecular
mechanisms of howMR ligation modulates IDO activity remained
unclear. In the current study, using siRNA (see Fig E1), we have
shown that MR mediates the allergen (and mannan)–induced
downregulation of IDO activity in LPS-stimulated DCs (Fig 4).







FIG 6. A, Heat maps showing the relative abundance of proteins upstream of the NF-kB pathway by using


DCs stimulated with mannan (M) and LPS. B, Protein expression of phospho-p65, NIK, and RelB. Data are


shown as geometric means (n 5 3). C, Protein expression of RelB (90 minutes), NIK (90 minutes),


phospho-p65 (18 hours), and TRAF3 (18 hours). D, RELB gene expression in DCs stimulated with mannan


and LPS for 24 hours (n 5 2). *P <_ .05 and ****P <_ .0001.
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These data demonstrate the ability of a number of clinically rele-
vant allergen extracts from diverse sources, such as HDM, cock-
roach, and pollen, in downregulating LPS-induced IDO activity
and the importance of carbohydrates in this process (Fig 2). Admit-
tedly, not all allergens are necessarily glycosylated (eg, lipocalins);
however, it is still worth investigating IDO regulation by such fam-
ilies of allergens given their proved ability in enhancing innate im-
mune signaling by modulating TLR4 activation.55,56


Furthermore, we studied how MR engagement might modulate
other aspects of DC function. Our data showed that mannosylated
sugars can particularly downregulate production of TLR4-
mediated IL-12p70, a key cytokine in TH1 polarization (Fig 3,
A). This shows an antagonistic effect between MR and TLR4,
which was in line with previous observations.41,43,57,58 A similar
pattern was found with all the allergen extracts tested, suggesting
that the mannosylated sugars on them are responsible for modula-
tion of IL-12p70 production (Fig 3, B). In terms of costimulatory
molecules, we found a significant downregulation in CD86 levels
in DCs stimulated with mannan (Fig 3, C). It is interesting to note
that CD86 is one of the B7 family proteins that has been previously
associated with IDO induction.59,60 Furthermore, we have shown
thatMR engagement bymannan impairs TH1 cell priming induced
by LPS, as evidenced by a significant suppression in IFN-g pro-
duction, which could bias T-cell responses toward a TH2 profile
(Fig 3, D-F). These data clearly suggest that reduction in IDO,
through MR, could promote TH2 immune responses.

IDO has been well defined for its role in TH1 cell–mediated im-
mune responses; however, its role in TH2 immune responses,
particularly in human subjects, has remained controversial.61


Some studies have shown that IDO can have a protective effect
in different models of experimental asthma.19-24 This is in line
with clinical studies showing that asymptomatic nonatopic sub-
jects have higher systemic IDO activity than symptomatic atopic
subjects.25,26 Paradoxically, IDO expression might also
contribute to mediation of inflammatory responses in patients
with established TH2-mediated airway diseases. For example, a
study with IDO knockout mice demonstrated that lack of IDO
provides a significant relief from establishment of allergic airway
disease,62 which could be due to impaired DC function in IDO-
deficient DCs.63,64


AhR is a ligand-dependent transcription factor and a member of
the Per-Arnt-Sim (PAS) superfamily of proteins, which are involved
in detection of environmental or intracellular changes. The
interaction of AhR with aryl hydrocarbon receptor nuclear trans-
locator protein allows it to bind specific enhancer sequences present
in target promoters called dioxin-responsive elements.27 Previously,
AhR has been shown to have a protective role in allergy.65-68


Accordingly, in an attempt to elucidate the mechanism of TLR4-
and MR-mediated IDO modulation, we studied the potential link
between AhR and IDO in human DCs. Here we have shown
that TLR4-mediated induction of IDO is partially dependent on
AhR expression (Fig 5, A). In addition, we have shown that the







FIG 7. MR-mediated IDO downregulation in human DCs involved the


transcription factors AhR and RelB, which have an effect on T helper cell


polarization.
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anti-inflammatory cytokine IL-10 is under the control of AhR,
which highlights a central role for AhR in modulating DC-
mediated immune suppression/regulation (Fig 5, C). Furthermore,
we demonstrated that MR can downregulate AhR expression and
activity in thepresence ofLPS inhumanDCs (Fig 5,B),whichcould
explain its effect on IDO expression (Fig 4) and suppression of TH1
responses (Fig 3). Interestingly, it has been shown that exogenous
AhR ligands, such as 2,3,7,8-tetrachlorodibenzodioxin, can impair
DC phenotype and function,68-72 suppressing allergic sensitiza-
tion.66,68 Furthermore, metabolites produced in the IDO-
dependent TRP degradation pathway, such as KYN and kynurenic
acid, can activate AhR, leading to regulatory T or TH17 cell differ-
entiation depending on the immunologic context.28,73-75 Accord-
ingly, we can speculate that IDO metabolites can have disparate
effects in allergic responses,whichwill require further investigation.


IDO induction has been shown to be under the control of the
noncanonical NF-kB pathway.36,42,45 Additionally, NF-kB,
together with AhR, has been shown to be pivotal in TLR4
signaling.44,76-78 Therefore we evaluated the role of the NF-kB
pathway in IDO regulation by MR. Using a protein microarray
approach,35 we evaluated the expression of key components of
the NF-kB pathway after stimulation with LPS in the presence

and absence of mannan. Our data showed that stimulation with
mannan and LPS can significantly downregulate some key com-
ponents of the noncanonical NF-kB pathway, such as RelB, as
well as the canonical NF-kB pathway, such as phospho-p65
(Fig 6). Although a signaling motif has not been identified in
the MR cytoplasmic domain, members of the NF-kB signaling
pathway have been previously implicated in MR-mediated
signaling.43,79 For instance, mannose-capped lipoarabino-
mannans, most likely through binding toMR,mediate IL-1 recep-
tor–associated kinase M (IRAK-M) induction, which acts as a
negative regulator of the NF-kB pathway.43 Interestingly, our pre-
liminary data also show that mannan stimulation reduces IRAK-
M expression in the presence of LPS in human DCs (data not
shown), which is in line with previous observations showing
that IRAK-M might protect against complications of asthma
because TH2 cytokines decrease IRAK-M expression in macro-
phages.80 Collectively, these observations highlight the role of
the NF-kB pathway in MR-mediated IDO regulation in DCs. It
is important to note that KYN, through the AhR/suppressor of
cytokine signaling 2–dependent pathway, can induce
proteasome-mediated degradation of TNF receptor–associated
factor 6, which might potentially inhibits TLR signaling, favoring
the noncanonical NF-kB pathway.81 Additionally, an association
between AhR and RelB has been suggested82-84 that might
contribute to the stabilization of RelB complexes.85,86 Accord-
ingly, it is reasonable to suggest that AhR together with RelB
might be involved in IDO regulation in human DCs, a pathway
that experiences interference after MR engagement. Future
studies should aim at elucidating the potential physical associa-
tion between AhR and RelB in regulating IDO levels.


In conclusion, we have demonstrated that diverse airborne
allergens can downregulate IDO after TLR4 engagement and that
this effect was mainly mediated by MR. In addition, we have
showed that AhR and RelB are implicated in MR-mediated IDO
downregulation, suggesting a new pathway involved in inserting
the immunoregulatory properties of allergens (Fig 7). These data
provide new insight into the initial steps of allergic sensitization,
which could pave theway for developingmore effective therapeu-
tic strategies targeting early events in the allergic cascade.


We thankDrDavidOnion andMsNicola Croxall for their helpwith the flow


cytometric experiments.


Key messages


d TLR4 induction of IDO1 and IDO2 is downregulated by
airborne allergens through the MR in human DCs, chang-
ing their immunoregulatory properties.


d IDO regulation in human DCs is partially dependent on
AhR, a ligand-dependent transcription factor involved
in sensing intracellular or environmental changes, with
participation of the noncanonical NF-kB pathway.
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FIG E1. A, Quantitative RT-PCR analysis of MR gene expression in CT-DCs and MRlow-DCs (n 5 2). B, Flow


cytometric analysis of MR protein expression in CT-DCs and MRlow-DCs. Median fluorescence intensity


(MFI) is shown (n5 5).C, Flow cytometric analysis of DC-SIGN, HLA-DR, TLR4, CD14, myeloid differentiation


protein-2 (MD-2) and AhR protein expression. Median fluorescence intensity (MFI) is shown (n >_ 2). **P < .01


and ****P <_ .0001.
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FIG E2. A,Quantitative RT-PCR analysis of AHR gene expression in CT-DCs and AhRlow-DCs (n5 2). B, Flow


cytometric analysis of AhR protein expression in CT-DCs and AhRlow-DCs. Median fluorescence intensity


(MFI) is shown (n >_ 3). C, Flow cytometric analysis of MR, DC-SIGN, TLR4, CD14, myeloid differentiation


protein-2 (MD-2), and CD86 protein expression. Median fluorescence intensity (MFI) is shown (n >_ 2).


***P < .001 and ****P < .0001.
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Differential regulation of indoleamine 2,3-dioxygenase by TLRs and  


CLRs in human DCs: the role of aryl-hydrocarbon receptor 


INTRODUCTION 


Allergy is a chronic disease of the airways mediated by the production of allergen-specific IgE. Whereas the mechanisms leading to the clinical asthma are quite understood, the early 


events involved in allergic sensitization are still unclear. Dendritic cells (DCs) are specialized antigen presenting cells that have been shown to play a crucial role in the induction and 


elicitation of Th2-allergic immune responses. We have previously shown that C-type lectin receptors (CLRs), such as mannose receptor (MR) and DC-SIGN, are common receptors for 


several clinically relevant allergens. This interaction can modulate TLR4-induced activation and the downstream events leading to Th2 cell polarization. In addition, we have identified the 


role of MR in inducing Th2-allergic immune responses by regulating indoleamine 2,3-dioxygenase (IDO) activity in human DCs, however, the exact mechanism is still unclear.  


IDO is a key tryptophan-metabolizing enzyme which has been linked to diverse immune-regulatory conditions including allergic asthma. However, there are some controversial studies 


suggesting that IDO might act either as an inducer or a protector of Th2 responses in models of experimental asthma. Besides these data, there is not much information about IDO 


regulation in human allergy. Aryl-hydrocarbon receptor (AHR) is a ligand-dependent transcription factor involved in the detection of intracellular or environmental changes. Previously, 


AHR has been shown to mediate IDO1 and IDO2 activation in response to TLR engagement in mouse DCs.  


Here we studied how allergens modulate the crosstalk between CLRs and TLRs in the context of IDO and the role of AHR in IDO regulation in human DCs. 


RESULTS 


CONCLUSIONS AND FUTURE DIRECTIONS 


1. LPS induces IDO and cytokines in human DCs in an AHR-dependent way 


We have demonstrated that LPS-induction of IDO and cytokines in human DCs is dependent on AHR expression. In addition, we found that diverse airborne allergens can effectively 


modulates TLR4-induced IDO1 and IDO2 expression, whose effect is mainly mediated by their mannosylated sugars through MR. AHR was also down-regulated by mannan, which might 


explain the effect on IDO. Finally, mannan was able to differentially modulate the cytokine levels induced by LPS on DCs depending on timing of stimulation affecting T helper polarization. 


This data reveal immuno-modulatory properties of allergens, which can help to better understand how these molecules can modulates DC behaviour and induce Th2 immune responses.  


Future directions: NF-κB is a pleiotropic transcription factor controlling many physiological functions and is crucial for generating effective immune responses. RelA, a member of the 


canonical NF-κB pathway, has been shown to regulates AHR and AHR-dependent gene expression induced by LPS in human DCs. Additionally, AHR has been linked with RelB 


stabilization, a member of the non-canonical NF-κB pathway. It also has been described a physical and functional association between RelB and AHR that mediates the expression of IL-8. 


On the other hand, IDO induction has been showed to be dependent on non-canonical NF-κB pathway. Accordingly, future experiments will aim to elucidate the role of NF-κB pathway in 


CLR mediated regulation of the AHR-IDO axis in human DCs. 


References: Salazar et al. JACI 2013, Royer et al. JI 2010, Emara et al. JBC 2011, Emara et al. JBC 2012, Al-Ghouleh et al. Plos One 2012, Pathak et al. JBC 2005, Gringhuis et al. 


Nat.Commun. 2014, Puccetti et al. Nat.Rev.Immunol. 2007, Vogel et al. JBC 2013, Vogel et al. Mol.Endocrinol. 2007. 


Fig.1. A. PCR analysis of IDO1 and IDO2 gene expression in human DCs stimulated with LPS (0.01µg/ml) for 24h. B. IDO 


activity, IL-10 and IL-12p70 production in control (CT) and AHR-deficient-DCs stimulated with LPS (0.01µg/ml) for 24h. 
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3. Mannose-based ligand through engagement of MR down-regulates IDO  


in response to TLR4 stimulation in human DCs 
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Fig.3. A. IDO activity and qPCR analysis of IDO1 and IDO2 gene expression in human DCs stimulated with Mannan (M) 


(10µg/ml) in the presence or absence of LPS (0.01µg/ml). B. IDO activity and qPCR analysis of IDO1 and IDO2 gene 


expression in human DCs stimulated 24h with Mannan (M) (10µg/ml) prior to LPS (0.01µg/ml) stimulation. Cells unstimulated 


for 24h were used as controls. C. IDO activity in control (CT) and MR-deficient or DC-SIGN-deficient DCs stimulated with 


Mannan (M) 10µg/ml for 24h prior to LPS 0.01µg/ml stimulation for another 24h. Cells unstimulated and stimulated with LPS 


and Mannan (M) alone for 24h were used as controls.  
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4. Mannose-based ligand down-regulates AHR in response to TLR4 stimulation in 


human DCs  


AHR gene expression AHR activity 


Fig.4. A. QPCR analysis of AHR and CYP1A1 gene expression in human DCs co-stimulated with Mannan (M) (10µg/ml) and 


LPS (0.01µg/ml) for different time points. B. QPCR analysis of AHR and CYP1A1 gene expression in human DCs stimulated 


with Mannan (M) (10µg/ml) for 24h prior to LPS (0.01µg/ml) stimulation for different time points. 


A B 


5. Cytokine production is differentially regulated by mannose-based ligand in  


response to TLR4 stimulation in human DCs 


A B 


Fig.5. A. IL-10 and IL-12p70 production in human DCs co-stimulated with HDM (10µg/ml) and LPS (0.01µg/ml). B. IL-10 and IL-


12p70 production in human DCs stimulated with HDM (10µg/ml) prior LPS (0.01µg/ml) stimulation. C. IL-10 and IL-12p70 


production in human DCs co-stimulated with Mannan (M) (10µg/ml) and LPS (0.01µg/ml). D. IL-10 and IL-12p70 production in 


human DCs stimulated with Mannan (M) (10µg/ml) prior LPS (0.01µg/ml) stimulation. 
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2. Stimulating human DCs with diverse airborne allergens renders them 


irresponsive to endotoxin-driven up-regulation of IDO 


ID
O


 a
c


ti
v


it
y


 (



M
 K


Y
N


)


-


H
D


M G
C


B
G


P
LP


S


H
D


M
+ LP


S


G
C + LP


S


B
G


P
+ LP


S


0


5


1 0


1 5


2 0


2 5


****


*
**


ID
O


 a
c


ti
v


it
y


 (



M
 K


Y
N


)


- L P S H D M G C B G P - L P S


0


1 0


2 0


3 0


4 0


5 0


L P S


**


****
***


IDO activity 


Fig.2. A. IDO activity in human DCs stimulated 24h with diverse allergen extracts (10µg/ml) in the presence and absence of 


LPS (0.01µg/ml). House Dust Mite (HDM), German Cockroach (GC) Bermuda Grass Pollen (BGP). B. IDO activity in human 


DCs stimulated 24h with diverse allergen extracts (10µg/ml) prior to LPS (0.01µg/ml) stimulation for another 24h. Cells 


unstimulated and stimulated with LPS for 24h were used as controls. 
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6. Priming human DCs with mannose-based ligand impairs Th1 cell priming in 


response to TLR4 stimulation 


Naïve T cells  
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Fig.6. Mo-DCs were primed or not with Mannan (10µg/ml) prior to LPS (0.01µg/ml) stimulation for 24h. Cells were washed and 


co-cultured with CD3+CD45RA+ naïve T cells. After 4d the co-culture was feed with IL-2 and expanded for another 4 days. 


Then,  cells were re-stimulated with anti-CD3/CD28. After 2h brefeldin-A  was added and cells were left overnight before 


collected, stained and analysed by flow cytometry. 
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1. Cell survival 


Fig 1. GelMA does not impair survival of  
cells over 5 days. 
(Error bars represent SEM n = 3).  


4. GelMA suppresses TNF-α 
gene expression 


Fig 4. Within 4 hours of immune activation TNF-α 
gene expression is lost in cells cultured with GelMA. 
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Fig 3. a) Less than 50% recovery of TNF-α 
from GelMA relative to control. (Error bars 


represent SEM). 


3. GelMA captures TNF-α 
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1Allergy and Tissue Modelling Group, School of Life Sciences, University of Nottingham, Queen’s Medical Centre, Nottingham, NG7 2UH, United Kingdom. 
2Brigham and Women's Hospital, Division of Biomedical Engineering, Harvard Medical School, Cambridge, MA 02139, USA. 


Results 


Our Research 


a) 


2. GelMA reduces TNF-α 


Fig 2. GelMA reduces 
TNF-α production 
following immune 
activation.  
 
Error bars represent SEM. 
1 way ANOVA *** = P ≤ 
0.001, n=3. 
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Gel-based scaffolds Example gel scaffold 
• Widely used in tissue engineering. 
• Retain large amounts of water. 
• Structural similarities with natural soft tissues. 
• ‘Cell friendly’. 


Gelatin methacrylate (GelMA)  
– gel formed when exposed to UV light. 
 
1. In liquid state, cells can be added. 


 
2. When gel sets, cells are  
embedded within it: 


Applications 
Regenerative medicine 
• Stem cell\ drug delivery 
• Grafts for wound healing 


3-dimensional (3D) artificial tissue models 
• Research 
• Chemical safety testing 
• Drug research and development 


Background 
• We’re interested in developing 3D cultures of immune cells to 


model complex immune events. 
• Currently, such research can only be carried out with the use  of  


animals;  
- 10,000 animals per year  are involved in  chemical safety testing. 


• Ethical, regulatory & scientific issues limit animal usage.  
• Non-animal methods are urgently required in industry & academia. 


Conclusions 
Collectively this means that GelMA could have anti-inflammatory effects where levels of TNF-α 
are high e.g. severely damaged\ infected tissue. 
 
These properties may be useful to improve wound healing and reduce inflammation following 
reconstructive surgery. 
 
However, since GelMA may influence immune responses, we conclude it is not a suitable 
scaffold to house our 3D immune cell culture. 


Why is TNF-α important? 


Fig3. b) Fluorescent detection of TNF-α 
bound within GelMA. 


Cells 


Gel scaffold 


• TNF-α is produced by immune cells 
in response to injury or infection 
(e.g. bacterial LPS). 
 


• Excess TNF-α causes inflammation 
and can impede tissue repair.  
 


• Reduction of TNF-α in severely 
damaged tissues may improve 
recovery. 


Theoretical Mechanism 


Aim: To investigate whether a gel scaffold influences the outcome of  
immune responses. 
 
Materials & Methods 
Immune cells: Human peripheral blood mononuclear cells  (PBMCs). 
Gel scaffold: GelMA. 
Immune activation: Lipopolysaccharide (LPS),  
  - a bacterial cell component. 


1. TNF-α is captured within the gel. 
 


2. This stops the positive feedback for 
TNF-α gene expression and TNF-α 
expression is rapidly suppressed. 


How does GelMA reduce TNF-α? 
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A2: apply underlying 
scientific concepts, 
principles and techniques 
in the context of new and 
different areas of work 

This means that you can explain the 
major reasons for undertaking new and 
different work.  Your example may for 
instance describe how you: 

a) work in a new subject, in a different 
discipline, area or with new material.  
You should be able to explain and 
describe in technical terms the main 
components/elements/tools/material 
etc. involved and why you are 
carrying out the new work. 

b) are involved in carrying out a new 
procedure, process, or design; you 
should be able to explain from a 
technical perspective why you are 
using this and why it is relevant to 
the new area of work.  

c) are involved in using different or new 
design or experimental model; you 
should be able to explain why you 
are using that model, how you are 
using it and what the results might 
mean. 

Why: 
 
1) In my former infectious diseases position, monies had 
been made available from both NIH, USA, Welcome trust and MRC 
to develop a novel simple and high through put assay for small 
screening compound libraries to identify lead compounds with 
putative efficacy against Trypanosome Brucei, the etiological agent 
of most cases of human sleeping sickness (HAT). This was 
motivated by the fact that extant chemotherapeutic regimens are 
ineffective, difficult to administer and ultimately toxic 
 
2) In my present position I have been asked to develop an in 
vitro model for how tumour extravasation via blood vessels is 
affected by platelets: Why ? This is motivated by the fact that 
tumour metastasis is accentuated by blood clots with platelets (or 
specifically exosome platelet factors) proven as the 
pathophysiological mediator. The work is funded by Astra Zeneca  
who are interested in identifying drug substances that might block 
these exosome mediators 
 
3) Another example in my present post would be devising methods 
to amplify and then measure expression of isoform specific genes 
of interest (linked to a separate cardiotoxicity project). This was 
necessary to elucidate whether cardio protection in our in vitro 
models was linked to general expression of particular genes or 
conferred by by particular isoforms derived from alternative 
transcripts    
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What: 
 
1) Develop a simple, stream lined and cost effective assay for 
screening small compound libraries to identify putative lead 
compounds with antagonistic efficacy against a Trypanosome 
Target protein devoid of an ortholog in the human host (on 
account of a unique RNA editing process in Trypanosomatid 
parasites not found in humans  
 
2) Develop an in vitro model of tumour metastatis which simulates 
the interaction between tumour cells and endothelium in the 
presence of platelet factors 
 
3) Devise an SOP and then train students with regard to mining 
data bases such EBI/Ensembl and Genbank for transcript specific 
isoforms of candidate genes and then demonstrate methods for 
teasing out those primers using isoform specific primers 
How: 
 
1) The first stage in this (drug discovery) assay development  
procedural  pipeline was to find an optimal method for expressing 
and purifying a recombinant soluble target protein: In particular 
RNA Editing ligase 1 (REL 1) which has no equivalent ortholog in 
the human genome and thus potentially represents a parasite 
specific target: Having consulted the literature, experts in the field 
and trialled various pilot scale expression models, abundant 
soluble phase protein was achieved by expression in the E coli 
strain BL21 DE 3  by commencing induction with a simple heat 
shock and then expressing the recombinant protein over a 
protracted time period (20hrs) at a sub ambient temperature 
(18oC). These expression conditions were conducive to protein 
production with minimal mis folding and thus soluble active protein 
compatible with a functional assay.  
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2) The next obstacle was to discover methods for long term 
storage of the protein @ -80oC without losing activity upon freeze 
thawing: This was achieved by Glycerol stabilisation @ 10% (v/v) 
coupled with particular additive known to help promote retention 
of nascent structure through a clathrate mode of action. The 
bench work was a combination of guidance from literature 
extolling ‘best practice’ coupled with empirical investigation 
3) Having produced soluble, stable target protein preliminary pilot 
scheme evaluated the effects of known inhibitors on REL1 based 
on a radio ligand assay followed by antagonism of REL 1 with 
substances predicted to have antagonistic efficacy towards REL 1 
based on in silico modelling. This ‘proof of principle’ culminated in 
a major publication in PlOS with myself as joint first author and 
also first author poster presentations at National infectious 
diseases conferences. Joint first author status was conferred 
because all bench work and preliminary literature investigations 
were performed in dependently by myself 
 
4) The final stage of this procedural pipeline having demonstrated 
proof of principle was to develop a stream lined high through put 
assay to mass screen compound libraries. This required assay 
development in the context of (Michaelis Menten) enzyme kinetics 
& substrate, Fluorometric adducts & considerations about how 
best to quantify target hits in terms of ‘best practice’ viz. a 
statistical parameter called the Z score.  
5) All biochemical parameters were successfully and personally 
developed by me and the assay was subsequently used in drug 
discovery centres to identify ‘real hits’; Once again resulting an 
Oxford University press Journal publication (NAR), with myself as 
joint first author as well as joint first author on numerous posters 
@ national as well as international conferences 
 

https://www.scopus.com/record/display.uri?eid=2-s2.0-78149265785&origin=inward&txGid=79c924ad5103dee1a30b1dcb95c364a4
https://www.academia.edu/20081776/_P-120_RNA_editing_as_a_drug_target_in_Trypanosoma_brucei_Identification_of_inhibitors_of_the_essential_enzyme_REL1
https://www.academia.edu/20081776/_P-120_RNA_editing_as_a_drug_target_in_Trypanosoma_brucei_Identification_of_inhibitors_of_the_essential_enzyme_REL1
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_drug-discovery.html
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_drug-discovery.html
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_drug-discovery.html
https://en.wikipedia.org/wiki/Standard_score
https://www.scopus.com/record/display.uri?eid=2-s2.0-84965062888&origin=inward&txGid=b79dfc2a130a7b77eda7ab3c69b9c8ce
https://www.academia.edu/20082427/_P-116_RNA_Editing_as_a_drug_target_in_Trypanosomes_Development_of_a_high_through_put_screening_assay_for_RNAediting_ligase_1
https://www.academia.edu/31543552/_151_Towards_new_drugs_for_trypanosomatid_diseases_based_on_specific_high-affinity_inhibitors_for_Trypanosoma_brucei_RNA_editing_ligase_1
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SynopsisSynopsis
There is an urgent need to identify new targets and drugs to comThere is an urgent need to identify new targets and drugs to combat bat 
trypanosomatid pathogenstrypanosomatid pathogens


 


(human African trypanosomiasis, Chagas 
disease, leishmaniases).
RNA editing by uridine insertion/deletion is essential for mitochondrial 
gene expression in trypanosomatids.
Editing is catalyzed by multi protein complexes, the editosomes.Editing is catalyzed by multi protein complexes, the editosomes.
A key component of editosomes is RNA editing ligase 1 (REL1).A key component of editosomes is RNA editing ligase 1 (REL1).


 


The 
crystal structure of this enzyme revealed a deep pocket that binds to 
and orients the essential ATP cofactor. 
There a no close REL1 homologs in the host and thus this enzyme There a no close REL1 homologs in the host and thus this enzyme 
represents a target of potential high efficacy and specificity. represents a target of potential high efficacy and specificity. 
Molecular dynamics simulations identified potential REL1 inhibitors by 
virtual screening.
Initially, three three napthalenenapthalene--based compounds that inhibited REL1 based compounds that inhibited REL1 
activity with ICactivity with IC5050


 


values in the low micromolar range were values in the low micromolar range were 
experimentally validated.experimentally validated.
Subsequently, substructure searches against databasessubstructure searches against databases


 


of of 
commercially available compounds commercially available compounds utilising


 


napthalene


 


scaffolds 
identified another 588 candidate moleculesidentified another 588 candidate molecules.
25 top-ranked candidates were subjected to biochemical assays 
(adenylylation


 


assay).
4 compounds inhibited REL1 with IC4 compounds inhibited REL1 with IC5050


 


values between 1 and 10 values between 1 and 10 μμMM
Efforts are under way to improve the in vitro activity and selectivity of 
these compounds and to establish their effect on trypanosomes.
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25 top25 top--ranked compounds initially screened @ 10 ranked compounds initially screened @ 10 μμM M 
& 100 & 100 μμM using anM using an


 


in vitroin vitro


 


enzymatic (enzymatic (adenylylationadenylylation) ) 
assay assay 
6 compounds demonstrated inhibition of enzyme 6 compounds demonstrated inhibition of enzyme 
activity activity 


IC50 (GraphPad


 


v.5)
1.53 +/-


 


1.17µM


R2


0.9991


DoseDose--response curves for these 6 compounds were response curves for these 6 compounds were 
established using established using molaritymolarity


 


titrationstitrations
ICIC5050


 


values were calculated using nonvalues were calculated using non--linear regression linear regression 
analysis with analysis with GraphPadGraphPad
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software and are depicted software and are depicted 
oppositeopposite
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TrypanocidalTrypanocidal


 


ActivityActivity


Future workFuture work
1)1)


 


Mordant black 25 (Sigma_4310) has a demonstrable Mordant black 25 (Sigma_4310) has a demonstrable trypanocidaltrypanocidal


 


effect on bloodstream form effect on bloodstream form Trypanosome brucei Trypanosome brucei 
bruceibrucei cells (strain 427) cells (strain 427) in vitroin vitro


2)2)


 


Thus, studies are under way to quantify the potential  trypanocidal


 


efficacy of this compound based on EC50


 


measurements  
exploiting metabolic


 


reduction of a commercial reazurin


 


variant(Alamar blue®)
3)3)


 


In the near future, high throughput screening of small compound libraries will be attempted using a (96 well plate) ‘mix &   
measure’


 


format exploiting FRET-based detection of fluorophore-labeled substrates


(1) Virtual Screening Approach1) Virtual Screening Approach
A virtual screen over the NCI Diversity Set was performedA virtual screen over the NCI Diversity Set was performed


 


with the high resolution TbREL1with the high resolution TbREL1


 


crystal structure to identify potential lead compounds. 


AutoDock4 was used to dock ~2000 compounds to the crystal structAutoDock4 was used to dock ~2000 compounds to the crystal structure active siteure active site. The top 30 
candidates (top 2%) were selected based on predicted binding energy and docking pose, re ranked 
using the Relaxed Complex Scheme (RCS) and filtered based on drug-like properties. 


Enzymatic assays identified two compounds with micromolar activiEnzymatic assays identified two compounds with micromolar activity against REL1.ty against REL1.


 


A subsequent hierarchical similarity search with the most active


 


compound resulted in identification 
of NSC #16209, a naphthalene-sulphonic


 


acid compound. 


A substructure search for related A substructure search for related napthalenesnapthalenes


 


in databases of commercially available in databases of commercially available 
compounds resulted in identification of 588 compoundscompounds resulted in identification of 588 compounds, which were then ranked with AutoDock4 and 
RCS according to their predicted average binding energy. 


The 25 topThe 25 top--ranked compounds were selected for experimental testing.ranked compounds were selected for experimental testing.
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Abstract


Background: Neglected tropical diseases, including diseases caused by trypanosomatid parasites such as Trypanosoma
brucei, cost tens of millions of disability-adjusted life-years annually. As the current treatments for African trypanosomiasis
and other similar infections are limited, new therapeutics are urgently needed. RNA Editing Ligase 1 (REL1), a protein unique
to trypanosomes and other kinetoplastids, was identified recently as a potential drug target.


Methodology/Principal Findings: Motivated by the urgent need for novel trypanocidal therapeutics, we use an ensemble-
based virtual-screening approach to discover new naphthalene-based TbREL1 inhibitors. The predicted binding modes of
the active compounds are evaluated within the context of the flexible receptor model and combined with computational
fragment mapping to determine the most likely binding mechanisms. Ultimately, four new low-micromolar inhibitors are
presented. Three of the four compounds may bind to a newly revealed cleft that represents a putative druggable site not
evident in any crystal structure.


Conclusions/Significance: Pending additional optimization, the compounds presented here may serve as precursors for
future novel therapies useful in the fight against several trypanosomatid pathogens, including human African
trypanosomiasis, a devastating disease that afflicts the vulnerable patient populations of sub-Saharan Africa.
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Introduction


Subspecies of Trypanosoma brucei (T. brucei) are the causative agents


of human African trypanosomiasis (HAT, also known as African


sleeping sickness) in sub-Saharan Africa. Neglected tropical


diseases, including parasitic trypanosomal illnesses like HAT,


Chagas disease, and leishmaniasis, are responsible for the loss of


an estimated 56.6 million disability-adjusted life-years across


several regions, particularly in the world’s poorest countries [1].


Preventative measures such as vector control are effective at


decreasing the incidence of HAT; however, given infection, the


current treatment options are not suitable on the whole,


particularly once T. brucei has infiltrated the central nervous system


[2].


First-stage treatments include pentamidine and suramin, drugs


developed more than half a century ago. Unfortunately, these


drugs have severe side effects. Pentamidine is associated with


hypoglycaemia and hypotension, while suramin is associated with


anaphylactic shock, neurotoxic signs, severe cutaneous reactions,


and renal failure [3]. The most common treatment for second-


stage HAT is melarsoprol, a highly toxic drug with a 3%–10%


fatality rate [4]. The danger of treatment is compounded by the


emergence of melarsoprol-resistant parasites, particularly in


central Africa [5]. Eflornithine, another HAT treatment, is less


toxic but only effective against the T. b. gambiense subspecies;


additionally, eflornithine is more costly to produce than melarso-


prol [6]. Given the weaknesses of current treatments, new drugs


are urgently needed.


Fortunately, recent studies of the trypanosomal editosome have


revealed several new drug targets. In trypanosomatids, mitochon-


drial gene expression includes an extra RNA-editing step. As in


other eukaryotes, mitochondrial DNA is transcribed into RNA. In
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trypanosomes and Leishmania parasites, however, a protein complex


known as the editosome makes extensive uridylate (U) insertions and


deletions following transcription, at times even doubling the length


of the original RNA sequence [7–11]. After each cycle of U addition


or deletion, a nick in the RNA remains; RNA editing ligase 1


(TbREL1; TriTrypDB ID: Tb927.10.8210), an essential enzyme in


trypanosomes [12], is one of two ATP-dependent editosome ligases


responsible for religation. As the editosome is absent in humans, the


proteins of this complex, including REL1, are potential drug targets


in all trypanosomatid pathogens.


Recently Amaro et al. identified several novel TbREL1


inhibitors. The relaxed complex scheme, a virtual-screening


methodology that accounts for full protein flexibility [13], was


used to identify five low-micromolar inhibitors from among the


compounds of the National Cancer Institute Diversity Set I [14].


Unfortunately, these TbREL1 inhibitors were ineffective against


whole-cell T. brucei, perhaps in part because they are too


hydrophilic to cross lipid membranes (unpublished work).


Motivated by both the urgent need for novel trypanocidal


therapeutics as well as the success of virtual screening against


TbREL1 in the past, we here use the relaxed complex scheme to


identify additional naphthalene-based inhibitors in hopes of finding


compounds that can kill T. brucei. To this end, online databases of


commercially available compounds were first searched for com-


pounds similar to the inhibitors previously characterized. Following


virtual screening, the most promising of these compounds were


subsequently tested experimentally, revealing four novel TbREL1


inhibitors with unique naphthalene-based scaffolds, two of which


have ALogP values that suggest reasonable lipophilicity. Analyses of


the predicted binding modes of these active compounds, performed


using an ensemble-based approach and coupled with computa-


tional fragment mapping experiments, suggest that receptor


flexibility may play an important role in ligand binding.


Methods


Online Similarity Search
To generate a library of compounds similar to the TbREL1


inhibitors characterized previously [14], we performed online


substructure searches of several databases of commercially


available compounds, including Hit2Lead (Hit2Lead.com, Chem-


Bridge), the NCI/DTP Open Chemical Repository (dtp.cancer.


gov), Sigma-Aldrich (sigmaaldrich.com), and ZINC [15]. Searches


were performed using three structures similar to the core


naphthalene scaffolds of known inhibitors: naphthalene-2-sulfonic


acid, 2-naphthoic acid, and 2-nitronaphthalene (Figure 1).


Initial Docking against the Crystal Structure
The compounds identified via online substructure searches were


each docked into a 1.20-Å resolution crystal structure of the


TbREL1 catalytic domain (PDB ID: 1XDN) [16] using AutoDock


4 [17]. Ligand files were processed with AutoDockTools 1.4.5 to


merge nonpolar hydrogens with parent heteroatoms and to assign


Gasteiger charges. AutoGrid affinity grids contained 86672678


points spaced 0.375 Å apart, centered on the TbREL1 active site,


the ATP-binding pocket. Grid files were created for the following


ligand atom types: A (aromatic carbon), C, F, I, N, NA (hydrogen-


bond accepting N), Cl, OA (hydrogen-bond accepting O), P, S, SA


(hydrogen-bond accepting S), Br, HD (hydrogen-bond hydrogen),


and e (electrostatic).


AutoDock parameters similar to those published previously by


Amaro et al. [14] were used: population size 200; 5,000,000


evaluations; 27,000 generations; 100 runs; and cluster tolerance of


2.0 Å. All other AutoDock parameters were set to the default


values. The correct docked pose was judged to be the lowest-


energy pose of the most populated cluster.


MD Simulation
With the intent of rescoring the top hits from the initial crystal-


structure screen in a way that accounts for full protein flexibility,


we drew upon a previous study of TbREL1 molecular motions


[18]. In brief, molecular dynamics (MD) simulations of TbREL1


were performed using NAMD 2.6 [19]. Four hundred receptor


conformations were extracted from the MD simulations, one every


50 ps. QR factorization [20] was used to eliminate conformational


redundancy, thereby reducing the number of representative


structures from 400 to 33 [14]. These 33 TbREL1 structures are


said to constitute an ensemble representative of the many protein


conformations sampled during the MD simulation.


Ensemble-Based Virtual Screening with the Relaxed
Complex Scheme


The relaxed complex scheme (RCS) was subsequently used to


rescore the top compounds from the initial crystal-structure screen


[13]. AutoDock was used to dock each of the top inhibitors into


the 33 protein conformations of the receptor ensemble using the


same docking parameters described above. The ensemble-average


binding energy of each ligand was computed by taking the simple


mean, and the ligands with the best mean predicted binding


energy were subsequently tested experimentally.


RMSD Clustering
To partition the ATP-bound trajectory [18] into a set of


structures representing regions of decreasing conformational


population density, RMSD clustering, distinct from the QR


factorization described above, was performed [21–23] as imple-


mented in the rmsdmat2 and cluster2 programs of the GRO-


MOS++ analysis software [24]. Four hundred receptor confor-


mations were extracted from the 20 ns ATP-bound MD


trajectory, one every 50 ps. Clustering was performed on a subset


of 24 residues that line the ATP binding cleft: 87–90, 155–162,


207–209, 283–287, and 305–308. These residues constitute the 5


Author Summary


African sleeping sickness is a devastating disease that
plagues sub-Saharan Africa. Neglected tropical diseases
like African sleeping sickness cause significant death and
suffering in the world’s poorest countries. Current
treatments for African sleeping sickness either have high
costs, terrible side effects, or limited effectiveness.
Consequently, new medicines are urgently needed. RNA
editing ligase 1 is an important protein critical for the
survival of Trypanosoma brucei, the unicellular parasite that
causes African sleeping sickness. In this paper, we describe
our recent efforts to use advanced computer techniques to
identify chemicals predicted to prevent RNA editing ligase
1 from functioning properly. We subsequently tested our
predicted chemicals and confirmed that a number of them
inhibited the protein’s function. Additionally, one of the
chemicals was effective at stopping the growth of the
parasite in culture. Although substantial work remains to
be done in order to optimize these chemicals so they are
effective and safe to use in human patients, the
identification of these parasite-killing compounds is
nevertheless a valuable step towards finding a better cure
for this devastating disease.
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conserved motifs of the nucleotidyltransferase superfamily [25,26]


to which TbREL1 belongs. The trajectory frames were first aligned


by minimizing the RMSD between the alpha carbons of the 24-


residue subset of each frame and the corresponding alpha carbons


of the first frame. This least-squares alignment removed external


translational and rotational motion so that subsequent RMSD


calculations could focus on the internal conformational variability


of the 24-residue subset. After varying the RMSD similarity


criterion from 0.06 to 0.12 Å, a value of 0.085 Å was chosen, as


this cutoff produced 8 clusters of protein conformations. The three


most populated clusters comprised 93.5% of the trajectory.


Computational Fragment Mapping
Computational fragment mapping (FTMap, http://ftmap.bu.


edu) was utilized to identify druggable regions on the surface of


TbREL1. The FTMap algorithm [27] determines the energetically


favorable binding regions of sixteen fragments along a protein


surface (Figure S1) via the following steps: (1) rigid body docking of


fragments using a fast Fourier transform approach, (2) minimiza-


tion and rescoring of fragment-protein complexes, (3) clustering


and ranking of low-energy fragment-protein complexes, and (4)


determination of consensus sites. Consensus sites are regions of the


protein surface where low-energy fragment clusters of multiple


fragment types co-localize; in previous studies using FTMap and


its predecessor CSMap [28], highly populated consensus sites were


shown to correlate strongly with ligand binding hot spots identified


via biophysical methods [27,29,30].


Experimental Validation
The top ranked compounds from the relaxed complex screen


were obtained for testing in experimental assays. Compounds were


provided by the Developmental Therapeutic Program at the


National Cancer Institutes (NCI) of Health, Hit2Lead.com, and


Sigma-Aldrich (Table S1). Compounds V1, V2, and V3 (Figure 1)


were provided by the NCI, and compound V4 was purchased


from Sigma. All compounds were dissolved in DMSO or DMSO/


H2O.


The protocols for recombinant TbREL1 expression, purifica-


tion, and assaying have been described previously [14]. In brief,


recombinant full-length TbREL1 was expressed in Sf9 insect cells


after infection with recombinant baculovirus and purified via a C-


terminal tandem affinity purification (TAP) tag. To measure


enzyme inhibition, 0.1 pmol TbREL1 was incubated with 1.8 mCi


(30 nM) [a-32P]ATP in assay buffer (25 mM KCl, 12.5 mM


HEPES pH 7.9, 5 mM Mg acetate, 0. 25 mM DTT, 0.1% Triton


X-100) for 5 min at room temperature and in the presence of


Figure 1. Substructures and novel inhibitors. A) The core 4,5-dihydroxynaphthalene-2,7-disulfonate scaffold of three previously identified
TbREL1 inhibitors. B) Naphthalene-2-sulfonic acid. C) 2-naphthoic acid. D) 2-nitronaphthalene. V1-V4) The four low-micromolar inhibitors identified in
the current work.
doi:10.1371/journal.pntd.0000803.g001
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varying concentrations of the potential inhibitors. The extent of


protein adenylylation (and therefore competition with ATP for


binding to the active site) was subsequently measured by SDS/


PAGE and phosphorimaging. All reactions were done in at least


triplicate, and IC50 values were calculated using the GraphPad


Prism 5 software.


T. brucei Viability Assay
The effect of the identified REL1 inhibitors on parasite growth


was determined using the Alamar Blue assay, essentially as


described by Räz et al. [31]. Briefly, T. brucei brucei cells (strain


s427) were seeded in 96-well plates at a density of 16104 cells per


ml in a volume of 200 ml, in the presence of varying concentrations


of predicted inhibitors or DMSO alone. After 48 hours, 20 ml


Alamar Blue (Invitrogen) were added to the cells and incubation


continued for an additional 24 hours. Absorbances at 540 and


595 nm were measured using an ELx808 Microplate Reader


(BioTek), and EC50 values were calculated using the GraphPad


Prism 5 software.


Results and Discussion


RNA editing ligase 1 (REL1) is a key component of the


trypanosomatid editosome. In trypanosomatid parasites (i.e.


species of Trypanosoma and Leishmania), mitochondrial mRNA


requires editing following transcription; after each round of U


addition or deletion, REL1 and the related protein REL2 religate


the RNA in an ATP-dependent reaction. REL1 is a noteworthy


drug target because it is required for the survival of T. brucei


[12,32] and presumably other trypanosomatids as well. Addition-


ally, no close human homologues have been identified [14]. The


heavy disease burdens caused by human African trypanosomiasis


(HAT), Chagas disease, and leishmaniasis, as well as the urgent


need for novel trypanocidal therapeutics and the success of virtual


screening against TbREL1 in the past, have motivated the current


work, wherein we identify novel TbREL1 inhibitors with


naphthalene-based scaffolds.


Similarity Search
Previously, Amaro et. al identified several micromolar inhibitors


of TbREL1 [14]. The top three inhibitors identified were all based


on a naphthalene-2,7-disulfonate (NDS) scaffold. In silico docking


provides insight into why this scaffold is amenable to TbREL1


inhibition (Figure 2). Similar to the adenine moiety of ATP (the


native co-factor), the NDS naphthalene group is able to form p-p
stacking interactions with F209. Additionally, one of the negatively


charged NDS sulfonate groups interacts electrostatically with the


positively charged R111 guanidino group at the active-site


periphery; R111 also participates in electrostatic and hydrogen-


bond interactions with the ATP polyphosphate tail. A hydrogen


bond is formed between NDS and N92, similar to the hydrogen


bond formed with the O2’ oxygen atom of the ATP ribose. Finally,


docking suggests that the second of the two NDS sulfonate groups


is buried deep within the binding pocket, displacing a water


molecule that normally mediates a hydrogen-bond network


between the ATP adenine N1 atom and R288. This water


displacement allows the sulfonate group to interact with the


charged R288 residue directly.


Unfortunately, these previously identified TbREL1 inhibitors


were ineffective against whole-cell T. brucei, likely because they are


too hydrophilic to cross lipid membranes (A. Schnaufer,


unpublished work). Interestingly, these compounds show similar-


ities to the anti-trypanosomal drug suramin, which, although


much larger, also has a negatively charged polysulfonated naphtyl


group [14]. How suramin enters the cell is unclear, but both fluid-


phase endocytosis and receptor-mediated uptake have been


Figure 2. TbREL1 binding. Solid black lines represent hydrogen bonds. Positively charged residues and ions (Mg2+) at the active-site periphery are
highlighted in yellow. The carbons of the F209 phenyl ring are shown in licorice. Portions of the protein are not visualized to improve clarity. A) ATP
binding. B) The predicted binding pose of naphthalene-2,7-disulfonate.
doi:10.1371/journal.pntd.0000803.g002
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suggested [33,34]. Suramin both binds various serum proteins,


which may facilitate uptake by the trypanosome cell [34], –and


inhibits a considerable number of enzymes, including dehydroge-


nases and kinases in various organisms and glycolytic enzymes


in T. brucei [35]. This promiscuous binding may be in part


attributable to the negatively charged sulfonate groups [35].


Additionally, the hydrophilicity these sulfonates impart likely


impedes both suramin and the previously identified REL1


inhibitors from passively crossing inner cellular membranes to


reach organellar targets such as mitochondrial proteins.


In an attempt to identify additional naphthalene-based TbREL1


inhibitors with improved pharmacological properties, we searched


several online databases of commercially available compounds for


similar structures: naphthalene-2-sulfonic acid, 2-naphthoic acid,


and 2-nitronaphthalene (Figure 1). These searches identified 588


compounds: 61 compounds from Hit2Lead (Hit2Lead.com,


ChemBridge), 394 from the NCI/DTP Open Chemical Repos-


itory (dtp.cancer.gov), 87 from Sigma-Aldrich (sigmaaldrich.com),


and 46 from ZINC [15]. In all, the search identified 376


naphthalene-2-sulfonic acid compounds, 130 2-naphthoic acid


compounds, and 85 2-nitronaphthalene compounds.


Virtual Screen
Given its previous successful identification of TbREL1 inhibi-


tors, AutoDock 4.0 was utilized for docking. Although the


AutoDock scoring function sacrifices accuracy for speed as


compared to more rigorous methodologies such as thermodynam-


ic integration [17,36], single-step perturbation [37], and free


energy perturbation [38], AutoDock performs well [39] when


compared to other docking programs such as DOCK [40], FlexX


[41], and GOLD [42].


The 588 compounds identified through online substructure


searches were first docked into a 1.20-Å resolution crystal structure


of the catalytic domain of TbREL1 [16]. AutoDock placed 14% of


the naphthalene compounds in the expected pose (26% of the 2-


naphthoic acid compounds, 10% of the naphthalene-2-sulfonic


acid compounds, and 8% of the 2-nitronaphthalene compounds),


with the naphthalene portion of the ligand buried deep in the


ATP-binding pocket and the electronegative group at the two


position either interacting with R288 or with R111 at the active-


site periphery.


The preliminary docking to the TbREL1 crystal structure, while


useful for eliminating those structures that were grossly incom-


patible with the TbREL1 active site, did not account for full


protein flexibility. Aside from the inaccuracies inherent in docking


scoring functions themselves, docking accuracy decreases further


when protein and/or ligand flexibility are ignored. When a ligand


approaches a protein receptor in solution, it does not encounter a


single static protein conformation, but rather an ensemble of many


different conformations. Often, a given ligand may only bind to a


certain subset of all protein conformations sampled, depending in


part on the varied side-chain positions of active-site residues.


When multiple protein conformations are incorporated into a


virtual-screening protocol, the hit rate can drastically improve;


ligands that do not bind to the crystal structure may bind to other


related protein conformations. Screening against these other


conformations in principle reduces the false negative rate.


Of the top-ranked 100 binders from preliminary crystal-


structure screens, 45 shared significant structural similarity with


the most potent compound identified previously by Amaro et al.


[14]. In order to account for full protein-receptor flexibility, these


45 compounds, roughly corresponding to the top 7.5% of the


library, were docked into 33 protein receptor conformations


extracted from a MD simulation of TbREL1 [14] using QR


factorization [20]. The 45 ligands were then reranked by their


respective ensemble-average scores, and 12 of the top compounds


(Table S1) were subsequently tested experimentally.


Experimental Results
Prior to RNA ligation, a key TbREL1 lysine must first be


adenylylated. To measure the inhibition of this first step of the


reaction pathway, the formation of TbREL1-[32P]AMP was


monitored via SDS/PAGE and autoradiography in the presence of


predicted inhibitor. Triton X-100 (0.1%) was added in order to


prevent aggregate-based inhibition. Four compounds, V1, (E)-7-


benzamido-4-hydroxy-3-((5-hydroxy-7-sulfonaphthalen-2-yl)diaze-


nyl)naphthalene-2-sulfonic acid; V2, (E)-7-amino-4-hydroxy-3-((5-


hydroxy-7-sulfonaphthalen-2-yl)diazenyl)naphthalene-2-sulfonic ac-


id; V3 (Di-J acid); and V4 (Mordant Black 25), inhibited TbREL1


activity with IC50 values of 2.1661.20 mM, 1.5361.17 mM, 8.366


1.71 mM, and 1.5961.1 mM, respectively (Table 1, Figure 1).


Additional information about the predicted binding poses of these


four validated inhibitors can be found in Table S1. An additional


four compounds inhibited TbREL1 adenylylation with IC50 values


between 10 and 100 mM; the exact values in these cases were not


determined (Table S1). All other compounds did not show significant


inhibition at 100 mM.


Binding to the Crystal-Structure Protein Conformation
May Be Suboptimal


Interestingly, the crystal-structure protein conformation used for


the initial docking is likely itself suboptimal for the binding of the


Table 1. A summary of the computational and experimental
results.


V1 V2 V3 V4


IC50 2.1661.20 1.5361.17 8.3661.71 1.5961.10


EC50 .100 .100 .100 2.1660.25


AutoDockCrystal 211.8 211.3 210.7 211.8


RankCrystal 11 20 31 25


AutoDockEnsemble 211.961.4 211.961.4 210.261.0 212.861.6


RankEnsemble 4 3 12 1


% Expected Pose 33% 33% 24% 18%


AutoDockEnsemble/


Expected


213.361.2 212.661.1 211.660.5 214.960.6


AutoDockEnsemble/


Unexpected


211.260.9 211.661.4 29.860.6 212.361.4


AutoDockEnsemble/Best 215.3 213.9 212.1 215.6


IC50 and EC50 are measures (in mM) of the inhibition of REL1 activity and parasite
growth, respectively; AutoDockCrystal is the predicted binding energy, in kcal/
mol, to the crystal structure; RankCrystal is the rank of the ligand when all 588
compounds are ordered by their respective AutoDockCrystal values;
AutoDockEnsemble is the average predicted binding energy to the 33
representative protein-receptor conformations obtained via QR factorization,
plus or minus the standard deviation; RankEnsemble is the rank of the ligand
when the top 45 compounds are ordered by their respective AutoDockEnsemble


values; % Expected Pose is the percentage of the 33 representative protein
structures amenable to deep-pocket binding, in which the naphthalene core is
docked deep into the binding pocket; AutoDockEnsemble/Expected is the average
predicted binding energy when only those members of the ensemble
amenable to deep-pocket binding are considered; AutoDockEnsemble/Unexpected is
the average predicted binding energy when only the remaining members of
the ensemble are considered; and AutoDockEnsemble/Best is the predicted
binding energy of the ligand to the ‘‘optimal protein conformation’’ from the
ensemble. All predicted energies are in kcal/mol.
doi:10.1371/journal.pntd.0000803.t001
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four inhibitors identified, as evidenced by the improvement in rank


when an ensemble-average AutoDock score was used (RankEnsemble)


instead of the crystal-structure score (RankCrystal, Table 1). In fact,


only one of the four compounds, V1, scored in the top twelve when


all 588 compounds were docked into the crystal structure alone. V2,


V3, and V4, which ranked 20th, 31st, and 25th against the crystal


structure, respectively, may not have been tested had the ligand set


not been reranked by an ensemble-average AutoDock score. A


direct comparison of the predicted binding energy of the four


indentified inhibitors docked into the crystal structure (AutoDock-


Crystal) and docked into the optimal protein conformation from the


ensemble (AutoDockEnsemble/Best) likewise demonstrates the impor-


tance of accounting for full protein flexibility; in all four cases,


predicted energies of binding improved several kcal per mol when


the optimal structure was used rather than the crystal structure


(Table 1).


In order to investigate why binding to the crystal structure was


suboptimal, the crystal structure was compared to the optimal


receptor conformation for each of the four ligands. By aligning the


best-scoring MD-generated receptor structures to the crystal


structure and visualizing both proteins and ligands, it is evident


that in all four cases the crystallographic position of E60 prevented


optimal binding. During the molecular dynamics simulation,


however, E60 extends its contact with R111 (initial contact


distance 5.35 Å; final interaction distance greater than 11 Å). This


movement opens a wide cleft that is favorably occupied by all four


of the novel inhibitors (Figure 3). This unique binding mode,


described in more detail below, would not have been identified


had protein-receptor flexibility been ignored.


RMSD Clustering Provides a Population-Based Structural
Analysis


To further explore the role that receptor flexibility plays in


inhibitor binding, we grouped the frames of the MD trajectory


into sets of geometrically similar conformations using an RMSD-


based clustering algorithm. Each cluster contains a central


structure, or centroid, whose structural characteristics and binding


properties are representative of all cluster members. Similar to QR


factorization [14,20], RMSD clustering reduces the MD ensemble


to a representative set of (centroid) conformations. However,


unlike QR factorization, RMSD clustering provides an approx-


imate idea of the probability of sampling a set of geometrically


similar conformations based on the fraction of conformations


contained within each cluster [21].


Assuming the conformations sampled along the inhibitor-bound


trajectories are similar to those observed during the ATP-bound


trajectory, the receptor-inhibitor interactions characteristic of the


most populated clusters, which represent the most frequently


visited system conformations, should contribute most to ligand


affinity. Indeed, the representative protein structure that best


accommodates V1, V3, and V4 from the QR-factorization


ensemble, as judged by the AutoDock score, belongs to the most


populated RMSD-based cluster. The protein conformation that


best accommodates V2 belongs to the second most populated


RMSD-based cluster.


The conformations sampled by the MD trajectory were grouped


into 8 clusters when an RMSD similarity cutoff of 0.085 Å was


used; 93.5% of the trajectory conformations were contained in the


three most populated clusters. The conformational variability


among the centroids of the top three clusters suggests two


dynamically distinct active-site regions. Deep within the inhibitor-


binding cleft, where F209 forms p-p stacking interactions with the


sulfonated naphthalene moiety of each inhibitor, the conforma-


tional differences among the centroids are modest, consisting of


only subtle amino-acid side-chain shifts (Figure 4A). Given the


rigidity of this region and the similarity between naphthalene and


the adenosine of ATP, the native TbREL1 substrate, we


hypothesize that the naphthalene scaffold is highly complimentary


to the modest conformational fluctuations observed at the deep


end of the binding pocket.


In contrast, conformational variability at the binding-site


periphery near the solvent interface is much larger (Figure 4B).


As the predicted binding modes of the validated inhibitors initially


suggested, the varied positions of E60 relative to R111 are


particularly notable. In the centroid conformation of the first and


second most populated clusters, a cleft is again seen between E60,


which is directed into bulk solvent, and R111, which is directed


toward the inhibitor binding site. The distances between


E60(OE2) and R111(NH1) are 9.01 Å and 10.96 Å, respectively.


These two open-cleft clusters represent 83% of the entire


trajectory. In the centroid conformation of the third most


populated cluster, representing 11% of the entire trajectory, the


cleft is narrowed; E60 is directed downward, toward R111, and


the distance between E60(OE2) and R111(NH1) is only 7.14 Å,


closer to the closed-cleft crystal-structure distance of 5.35 Å. As


noted previously, all four novel inhibitors are predicted to occupy


this previously uncharacterized cleft, suggesting that it is


pharmacologically important.


This new cleft also presents an opportunity to develop com-


pounds with improved specificity over the related human DNA


ligases. A structural and sequence alignment of the superfamily


members [18] reveals key sequence differences in relative positions


between REL1 and human DNA ligase (PDB: 1X9N). In REL1,


residues I59-E60-I61-D62 line the newly revealed cleft and make


contact with several of the bound inhibitors. In human DNA ligase


1 (PDB 1X9N), the equivalent residues are M543-L544-A545-


H546. The strategic design of REL1 inhibitors to take advantage


of the variable contacts in this area, particularly the exposed side


chains of the residues lining the cleft, may present novel avenues to


design compounds with increased selectivity for the trypanosomal


enzymes.


Computational Fragment Mapping
To explore the pharmacological importance of the E60-R111


cleft in greater depth, computational fragment mapping was


carried out on both the centroids of the three most populated


clusters as well as the crystal structure (Figure 4C). Computational


fragment mapping estimates the binding affinity of fragment-sized


organic groups and clusters them into consensus-binding regions.


These consensus-binding regions (a.k.a. hot spots) represent


regions of receptor sites that are the principal contributors to the


ligand-binding energy. Importantly, these computationally pre-


dicted sites have been shown to correlate well with fragment-


binding hot spots as determined via biophysical experiments in


numerous studies [27,29,30].


Fragment mapping confirmed that the TbREL1 active site can be


divided into two regions, as two consensus sites were apparent. The


first site, conserved among the centroids of the three most populated


clusters as well as the crystal structure, is found deep in the inhibitor-


binding cleft, where both the adenine of the native ATP substrate


and the sulfonated-naphthalene moieties of the novel inhibitors


bind. The conservation of this solvent cluster supports the


pharmacological importance of this region and is in harmony with


the predicted docking poses of the four novel inhibitors.


The second consensus site is found in the previously


uncharacterized E60-R111 cleft. Notably, while conserved among


the three most populated clusters, this site is entirely absent in the


crystal structure, likely because the closed E60-R111 cleft of that
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structure occludes solvent-probe binding. Naphthalene-based


inhibitors docked into the crystal structure are predicted to interact


only with the high-affinity region deep in the binding pocket; at the


active-site periphery, binding to the high-affinity region in the E60-


R111 cleft is impossible, and so the predicted binding affinity is less


favorable. Hence, the fragment-mapping approach supports the


presence of an additional pharmacologically relevant feature of the


ATP binding pocket. It also helps to explain why those compounds


eventually confirmed as genuine inhibitors were not initially ranked


among the top-scoring candidates.


Figure 3. Predicted binding of the identified inhibitors to the respective optimal protein conformation from the ensemble. The
TbREL1 crystal structure is shown in mesh. The E60 and R111 residues of the optimal conformations are labeled directly, and the E60 residue of the
crystal structure is labeled with an arrow. In all four cases, the closed position of the crystal-structure E60 residue would have prevented optimal
ligand binding. A) V1. B) V2. C) V3. D) V4.
doi:10.1371/journal.pntd.0000803.g003
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While fragment mapping did reveal a high-affinity region in the


E60-R111 cleft of the centroid representing the third most


populated cluster, this region does not extend as far into the cleft


as the corresponding clusters of the top two centroids. This fact,


together with the narrower cleft width, may partly explain why


none of the four novel inhibitors was predicted to bind to receptor


conformations of the third most populated cluster.


Analysis of Predicted Binding Poses
In order to analyze the predicted binding mode of the four


confirmed TbREL1 inhibitors, the protein conformation from the


ensemble generated by QR-factorization that gave the best


AutoDock-predicted binding energy (i.e. the ‘‘optimal receptor’’)


was visualized together with the associated docked ligand. In all


cases, the electronegative group at the naphthalene C2 position


was buried deep within the active site, forming interactions with


R288, as expected. Additionally, three of the four ligands, similar


to the three most potent TbREL1 inhibitors identified previously


[14], had hydroxyl groups in the naphthalene 4 position,


suggesting that the hydrogen bonds formed with E86 and V88


are also critical to ligand binding (Figure S2, upper rows). A fourth


ligand, V4, had a hydroxyl group in the naphthalene 6 position,


were it could form hydrogen bonds with the backbone carbonyl


oxygen atom of V88 and the side-chain amino group of K87.


Figure 4. The centroids of the three most populated RMSD clusters aligned to the TbREL1 crystal structure. Coils are colored gray,
sheets are colored cyan, and helices are colored ice blue. A) Residues lining the deep end of the binding pocket used for RMSD clustering are shown
in a licorice graphical representation. Residues from the centroid of the first, second, and third most populated clusters are shown in red, blue, and
green, respectively. Residues from the crystal structure are shown in purple. B) E60 and R111 conformational variability. Coloring is as in A). The
orientation of E60 in the centroids of the top two most populated clusters differs from that of the third cluster, as well as from that of the crystal
structure. C) Consensus binding sites of the organic solvent probes used in the computational fragment mapping analysis. Solvent probe clusters are
colored to match the coloring in A) and B).
doi:10.1371/journal.pntd.0000803.g004
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At the active-site periphery, all four of the confirmed inhibitors


had secondary sulfonate groups that docked near the more


positively charged side of the active-site periphery, opposite the


R111 residue (Figure S3), where they interact with K307, R309,


and K87 (Figure S2, bottom rows). In contrast, the peripheral,


negatively charged sulfonate groups of previous NDS inhibitors,


substituents of the naphthalene core itself, interacted principally


with R111. The new inhibitors do not entirely neglect R111,


however; all four compounds are predicted to participate in p-


cation interactions with this residue.


In addition to these electrostatic interactions, the four novel


inhibitors are predicted to interact with other protein residues at


the active-site periphery (Figure S2, bottom rows). In some ways,


these interactions mimic the interactions between TbREL1 and its


native substrate, ATP. V1 forms a hydrogen bond with the R111


guanidinium group, similar to the bond formed between R111 and


the ATP gamma phosphate. V1 also forms a hydrogen bond with


the E159 side-chain carboxylate group, similar to the bond formed


with the ATP 29 ribose hydroxyl group. V1 forms unique


interactions with TbREL1 as compared to the substrate; V1 forms


a hydrogen bond with the backbone carbonyl of Y58, a residue


that does not participate in ATP binding (Figure S2A).


V2 is predicted to participate in only one hydrogen bond at the


active-site periphery. This bond is formed with the E60 side-chain


carboxylate group, a group that does not participate in ATP


binding (Figure S2B). V3 and V4 are likewise predicted to form


only one hydrogen bond at the active-site periphery, a bond with


the I59 backbone carbonyl. This same backbone carbonyl forms a


hydrogen bond with the 39 hydroxyl group of the ATP ribose


(Figure S2C).


Conclusion/Future Directions
Unfortunately, first-stage HAT treatments such as pentamidine


and suramin have harsh side effects [3], and second-stage


treatments such as melarsoprol can be fatal. The pharmaceutical


industry has been slow to develop novel trypanocidal therapeutics


because HAT infections occur primarily in developing countries


with little market appeal; indeed, the only novel trypanocidal


therapeutic registered in the last 50 years is eflornithine [43], a


drug that is likely only available because it can also be sold as a


topical cosmetic cream for the treatment of hirsutism in developed


countries.


Given the hesitancy of the pharmaceutical industry, in recent


years academia has played an increasing role in HAT drug-


discovery efforts (e.g. [44]). Amaro et al. recently identified


inhibitors based on a 4,5-dihydroxynaphthalene-2,7-disulfonate


scaffold that target T. brucei RNA editing ligase 1 (TbREL1), a


validated drug target in these organisms [12]. Unfortunately, these


inhibitors, while effective against the TbREL1 protein, were


ineffective in whole-cell assays. As Schrodinger’s LigPrep software


[45] suggested that at pH 7.0 the sulfonates of these compounds


are negatively charged, we hypothesize that they are too


hydrophilic to cross cellular and organellar T.-brucei lipid


membranes and thus cannot reach their physiological target.


The ALogP values of Amaro’s S5, V1, and S1 compounds were


21.043, 20.292, and 20.778, respectively (Discovery Studio,


Accelrys), likewise suggesting excessive hydrophilicity. Indeed, two


of these three compounds, S5 and S1, are too hydrophilic to be


considered druglike [46].


Building on the previous work of Amaro et al., we have


developed additional TbREL1 inhibitors based on novel naphtha-


lene scaffolds. The compounds proposed in the current work are


also sulfonated naphthalenes; however, some of them are more


hydrophobic than the naphthalene-based inhibitors identified


previously. The ALogP values of V1, V2, V3, and V4 are 0.492,


21.039, 21.112, and 1.835, respectively (Discovery Studio,


Accelrys), suggesting that two of the novel inhibitors, V1 and


V4, may even prefer a lipid environment. Indeed, V4 was effective


against cultured T. brucei with an EC50 of 2.16 mM (Table 1). To


what extent this trypanocidal effect can be attributed to inhibition


of REL1 is currently under investigation.


The hydrophobicity and specificity of these compounds, and


their ability to reach the mitochondrial matrix, could be further


improved by eliminating the charged sulfonate groups. In the


virtual screen presented here, naphthalenes with carboxylic acids


and nitro groups were included to see if the sulfonate groups could


be replaced with less electronegative functional groups. Unfortu-


nately, none of the compounds with carboxylate groups scored


well enough to justify experimental testing, and the few nitro-


group containing compounds that were tested failed to inhibit


TbREL1. Rather than replacing the sulfonate groups, a better


strategy may therefore be to modify those groups in order to


neutralize their charge. For example, replacing the sulfonate


groups with sulfonamides, a similar functional group that is not


charged, may decrease hydrophilicity while preserving important


protein-ligand interactions.


Both molecular docking and computational fragment mapping


indicate that a new cleft revealed by the molecular dynamics


simulations may play a role in the favorable binding of these four


novel TbREL1 inhibitors. Furthermore, RMSD-based clustering


indicated that this previously uncharacterized cleft persists for a


majority of the MD trajectory.


In the future, further drug optimization is needed. Three of the


four novel compounds contain diazene linkers that may be


hydrolysable in vivo. Furthermore, the nitrogen atoms of these


linkers are not predicted to participate in hydrogen bonds with the


protein; replacing one or both of them with carbon atoms may


therefore decrease hydrophilicity without sacrificing compound


potency. Additionally, some of the compounds contain other


moieties like hydroxyl and amino groups that are not predicted to


contribute to inhibitor binding. Perhaps these groups could


likewise be eliminated.


Supporting Information


Figure S1 The sixteen fragments used in the computational


fragment mapping.


Found at: doi:10.1371/journal.pntd.0000803.s001 (8.66 MB TIF)


Figure S2 TbREL1 binding. The top rows show binding deep


within the active site, and the bottom rows show binding at the


active-site periphery. Solid black lines represent hydrogen bonds.


Electropositive residues at the active-site periphery are highlighted


in yellow. The carbons of the F209 phenyl ring are shown in


licorice. Portions of the protein were removed to improve clarity.


A) The predicted binding pose of V1. B) The predicted binding


pose of V2. C) The predicted binding pose of V3. D) The


predicted binding pose of V4.


Found at: doi:10.1371/journal.pntd.0000803.s002 (7.23 MB TIF)


Figure S3 The TbREL1 active-site periphery. Positively charged


residues are highlighted in yellow. A) The predicted position of the


NDS peripheral sulfonate. B) The predicted position of the


peripheral sulfonates of V1, V2, V3, and V4.


Found at: doi:10.1371/journal.pntd.0000803.s003 (8.61 MB TIF)


Table S1 The twelve compounds that were tested experimentally.


Found at: doi:10.1371/journal.pntd.0000803.s004 (0.20 MB


DOC)
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ABSTRACT


The protist parasite Trypanosoma brucei causes Hu-
man African trypanosomiasis (HAT), which threat-
ens millions of people in sub-Saharan Africa. With-
out treatment the infection is almost always lethal.
Current drugs for HAT are difficult to administer
and have severe side effects. Together with in-
creasing drug resistance this results in urgent need
for new treatments. T. brucei and other trypanoso-
matid pathogens require a distinct form of post-
transcriptional mRNA modification for mitochondrial
gene expression. A multi-protein complex called the
editosome cleaves mitochondrial mRNA, inserts or
deletes uridine nucleotides at specific positions and
re-ligates the mRNA. RNA editing ligase 1 (REL1) is
essential for the re-ligation step and has no close ho-
molog in the mammalian host, making it a promising
target for drug discovery. However, traditional assays
for RELs use radioactive substrates coupled with
gel analysis and are not suitable for high-throughput
screening of compound libraries. Here we describe
a fluorescence-based REL activity assay. This as-
say is compatible with a 384-well microplate format
and sensitive, satisfies statistical criteria for high-
throughput methods and is readily adaptable for
other polynucleotide ligases. We validated the as-
say by determining kinetic properties of REL1 and


by identifying REL1 inhibitors in a library of small,
pharmacologically active compounds.


INTRODUCTION


Human African trypanosomiasis (HAT), also known as
sleeping sickness, currently affects an estimated 30 000–
50 000 people and threatens millions more (1,2). Despite
a decreasing number of new infections over the last years,
HAT still has a major impact on health and economy of
sub-Saharan Africa. A similar decline in cases in the 1960s
was followed by re-emergence due to a collapse in surveil-
lance and control activities (3). Additionally to the direct
threat to human health, Trypanosoma spp. have a heavy im-
pact on local economies by infecting livestock like cattle or
pigs. The occurrence of resistant strains in humans has been
reported but their distribution and frequency are unclear
(4). Together, these problems illustrate the urgent need for
new medication. HAT itself progresses in two stages, with
the parasite Trypanosoma brucei proliferating in the host’s
blood and lymph during the first phase, making the para-
sites relatively accessible for drugs. However, phase I usually
only shows unspecific symptoms like headache or fever and,
if untreated, the disease progresses to phase II. Here the par-
asite enters the central nervous system (3,5). This results in
various symptoms like coordination disabilities, confusion
and disturbances in sleep cycle which gave rise to the com-
mon name sleeping sickness. Left untreated HAT is almost
always fatal (6).


Trypanosoma brucei is an extracellular parasite from the
order Kinetoplastida, infecting humans as well as many
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mammals (7,8). One of the most remarkable characteris-
tics of kinetoplastids is the unusual organization of their
mitochondrial genome, the eponymous kinetoplast (9). Mi-
tochondrial proteins are encoded by a few dozen presum-
ably identical maxicircles of ∼23 kbp. In addition, the kine-
toplast also contains thousands of minicircles, each ∼1 kbp
in size, encoding so called guide RNAs (gRNAs). These 50–
60 nt transcripts are essential for the expression of mito-
chondrial genes by RNA editing, directing the process by
virtue of their complementarity to fully edited mRNA (10).
Three distinct protein complexes of ∼20S, called core edi-
tosomes (or RNA editing core complexes), modify the pre-
mRNA by insertion or deletion of uridine-nucleotides (11–
14). However, auxiliary complexes are required for gRNA
processing and binding, and the editing process is integrated
into other RNA processing mechanism, resulting in a highly
complex network of interactions (14,15). A single gRNA
can code for several insertions or deletions, but in most
cases editing involves sequential action of several overlap-
ping gRNAs. During editing the pre-mRNA is cut by an
endonuclease, uridine nucleosides are inserted by a terminal
uridylyl transferase (TUTase) or removed by an ExoUase,
and finally the edited mRNA strand is re-ligated by an
RNA ligase. Investigation of function and composition of
the editosomes has shown that they contain two different
trimeric subcomplexes. The first subcomplex contains struc-
tural protein KREPA2 (a.k.a. MP63), ExoUase REX2 and
RNA editing ligase 1 (REL1), the second subcomplex con-
tains structural protein KREPA1 (a.k.a. MP81), TUTase
RET2 and RNA editing ligase 2 (REL2) (13,16). The struc-
tural proteins directly interact with the enzymes and bind
them to the complex (17). While REL1 function is essential
for T. brucei survival, no negative effect has been observed
after REL2 RNAi-mediated knockdown (18–21), and the
precise functions of the two RELs in uridine insertion and
deletion editing remain to be clarified (14,21,22).


The RELs belong to the superfamily of polynucleotide
ligases which also includes DNA ligases and other RNA
ligases. This relationship is strongly supported by se-
quence comparison and structural investigations (23,24).
All polynucleotide ligases share five conserved motifs (I, III,
IIIa, IV, V) in their catalytic domain which form the active
site and binding pocket for the cofactor adenosine triphos-
phate (ATP) or NAD+ (25). Members of this family employ
a three-step reaction mechanism. The first step is adenylyla-
tion of a 100% conserved lysine residue by use of the ATP or
NAD+ in the binding pocket. The second step is the transfer
of AMP onto the 5′ end of the donor (3′) substrate RNA or
DNA to yield a high-energy 5′-5′ pyrophosphate intermedi-
ate. In the third step the ligation of donor and acceptor (5′)
RNA or DNA takes place and AMP is released.


The essential nature of REL1, the absence of a close
homolog in the host and the availability of a high reso-
lution crystal structure of its N-terminal catalytic domain
(26) make it a very interesting target for drug development
(18). As an important step toward this goal we have now
developed a novel activity assay for REL1 that uses flu-
orophore labeled substrate RNA and is compatible with
high-throughput screening (HTS) methods for the identifi-
cation of small molecule inhibitors. Traditional REL1 activ-
ity assays utilize the incorporation of radioactively labeled


ATP into the ligase or the ligation of pre-cleaved radioac-
tively labeled RNA; both assays require gel electrophoresis
(27). This makes these assays relatively complicated, expen-
sive, time consuming and not amenable for high-throughput
methods. HTS-compatible, fluorescence based assays have
been described for DNA ligases (28–31) and for full-round
trypanosome RNA editing (32,33), but not for RNA ligases.


To test the potential of our assay we used it to screen the
Library Of Pharmaceutically Active Compounds (LOPAC,
Sigma-Aldrich) for REL1 inhibitors. We confirmed activity
of five of the top six hits in individual assays and assessed
the potential binding mode of one confirmed hit, the anti-
trypanosomatid drug suramin, by modeling the interaction
with REL1 and applying molecular dynamics simulations.


MATERIALS AND METHODS


Protein production and purification


Trypanosoma brucei REL1 (systematic TriTrypDB ID
Tb927.9.4360; www.tritrypdb.org) was produced recombi-
nantly in Escherichia coli BL21 (DE3) cells. The REL1 ex-
pression construct, a generous gift from Wim Hol, Junpeng
Deng and Meiting Wu (University of Washington, Seat-
tle), was generated as follows. The sequence encoding REL1
amino acids 51–469 (corresponding to the mature polypep-
tide without the mitochondrial targeting signal) was cloned
into pET-21d (Novagen). Additionally the sequence for a
6xHis-tag followed by a linker and amino acids 56–176 from
KREPA2 (systematic TriTrypDB ID Tb927.10.8210), cor-
responding to the region directly interacting with REL1
(17), was cloned into the same vector downstream of the
REL1 coding sequence. Competent BL21 (DE3) cells were
transformed with this polycistronic construct and grown at
37◦C to an OD of ∼0.4. Expression was induced with 0.1–
0.5 mM IPTG and performed at 20◦C for 20 h. Cells were
harvested by centrifugation. The cell pellet was resuspended
in 20 mM Tris/HCl pH 8.0, 500 mM NaCl, 10% (v/v) glyc-
erol, 2 mM DTT, 0.1 mM PMSF and 1 mM benzamidine,
supplied with Roche EDTA-free protease inhibitor. Cells
were lysed with a TS Series Benchtop cell disruptor (Con-
stant Systems Ltd.) and the lysate centrifuged at 50 000 g
for 1 h. The supernatant was passed through a 0.2 �m fil-
ter and applied to a HiTrap FF IMAC (GE Healthcare)
charged with Ni2+. After a wash step with 40 mM imida-
zole, protein was eluted with a linear 40–500 mM imida-
zole gradient. Elution fractions were analyzed by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and suitable fractions were pooled. Protein was then
concentrated to 10 mg/ml, flash frozen in liquid nitrogen
and stored at -80◦C.


Assay development and optimization


Labeled and unlabeled synthetic RNA oligonucleotides
were produced by IBA GmbH Göttingen, Germany, us-
ing phosphoramidites from Thermo Fisher Scientific; all
oligonucleotides were purified by reversed phase HPLC.
RNA for fluorophore labeling was synthesized with
amino modifier C6-U at the respective position, and N-
hydroxysuccinimide (NHS) esters of the dyes, which form
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an amide bond with the reactive amine, were used for la-
beling. Dye-labeled oligonucleotides were purified with an
additional HPLC step after labeling. To determine the ideal
conditions for RNA ligation and optimal FRET signal
readout, several assay variables like type of fluorophore,
temperature, buffer, pH, additives and denaturing methods
were systematically tested. Initial RNA annealing and lig-
ation conditions were as follows. Per reaction, 1 �l each
of 5′-RNA (5′-AAG /U-6FAM/AU GAG ACG UAG G-
3′), 3′-RNA (5′-pAUU GGA G/U-Cy5/U AUA Gp-3′) and
gRNA bridge (5′-CUA UAA CUC CAA UCC UAC GUC
UCA UAC UUp-3′) (all 10 �M) were mixed with 1 �l 10×
reaction buffer (250 mM KCl; 125 mM HEPES pH 7.9; 50
mM Mg(OAc)2; 2.5 mM DTT; 1% (w/v) Triton X-100) and
6 �l H2O, incubated at 70◦C for 2 min and cooled to 20◦C at
0.1◦C/s. A total of 50 ng of REL1 were mixed in a total vol-
ume of 10 �l with 1 �g BSA, 1 �l 200 �M ATP and 1 �l 10×
reaction buffer. Enzyme and substrate mix were combined
and incubated at 27◦C for 30 min. For heat denaturation, 80
�l stop buffer (25 �M competitor DNA oligonucleotide 5′-
AAG TAT GAG ACG TAG GAT TGG AGT TAT AG-3′;
12.5 �M EDTA) was added, the sample incubated at 95◦C
for 2 min and then transferred to a 96-well plate (Greiner
Bio-One 655083). Fluorescence was measured in a BMG
Labtech FLUOstar Omega plate reader (excitation at 490
nm, detection at 670 nm).


Assay conditions for HTS in 384-well format


Substrate RNAs were annealed in the presence of 25 mM
KCl, 12.5 mM Tris–HCl pH 8.0, 5 mM Mg(OAc)2 and 0.25
mM DTT at a concentration of 1 �M in 10-ml batches
by incubation at 70◦C for 10 min, followed by slow cool-
ing to room temperature. Annealed substrate was stored at
−80◦C. For 2400 assays, 2.4 �l 100 mM ATP were added
to 12 ml pre-annealed substrate and 5 �l of the mixture
dispensed into each well of a 384-well assay plate (Greiner
788075). A total of 50 nl of LOPAC (Sigma-Aldrich; 2 mM
in DMSO) or Maybridge Hitfinder (Thermo Fisher Scien-
tific; 2 mM in DMSO) compounds were added per well us-
ing a Biomek FX instrument. Recombinant REL1 was di-
luted in 10% (v/v) glycerol, 300 mM NaCl, 2 mM DTT
and 20 mM Tris–HCl pH 6.0 to a final concentration of
300 ng/�l. One hundred twenty microliter REL1 solution
were added to 11.88 ml ligation buffer (5 mM KCl; 12.5 mM
Tris–HCl pH 6.0; 1 mM Mg(OAc)2; 0.25 mM DTT, 0.2%
(w/v) Triton X-100; 0.003% (w/v) Brij 35) and 5 �l of the
REL1/ligation buffer mix were added to each well to start
the reaction (15 ng/�l REL1 per well). A total of 50 �M
NSC-42067 served as positive control for inhibition (34).
As additional controls, each plate included reactions with-
out inhibitor and reactions without REL1. After 30 min in-
cubation at room temperature the reaction was stopped by
adding 12.5 �l STOP solution (9 M urea; 20 mM EDTA).
After a minimum incubation period of 15 min plates were
read using a ratiometric wavelength read (excitation at 485
nm, detection at 665 and 535 nm). HTS was carried out at
The Scripps Research Institute, San Diego, CA, USA.


Gel electrophoresis


After ligation reaction, 20% (w/v) polyacrylamide gels were
used to separate the RNA molecules by non-denaturing
PAGE in Tris-borate-EDTA (TBE) buffer. For denaturing
PAGE, gels contained 7 M urea. Gels were analyzed using
a Typhoon FLA 7000 (GE Healthcare).


Protein docking and modeling


The first model of suramin bound simultaneously to the ac-
tive sites of two REL1 enzymes was built manually using
Maestro from Schrödinger (35). Initially, half of suramin,
which is symmetrical, was modeled into the active site of
the REL1 crystal structure (26). Structural water molecules
were deleted prior to this step to allow positioning of the
ligand. The resulting complex was minimized to optimize
enzyme-ligand interactions. Subsequently, a copy was made
of that complex, which was then reflected in the symme-
try point of suramin. The two halves of suramin were sub-
sequently bonded. To generate subsequent models, single
bonds in suramin were rotated while the enzymes with re-
spect to the ligand were fixed; this forced a rigid body ro-
tation of the enzymes with respect to one another to find
allowed conformations where the enzymes did not clash.
To evaluate the stability of both the ligand binding mode
and the proteins adjacent to each other, molecular dynam-
ics simulations of the complexes were carried out (further
details can be found in the Supplementary Data).


RESULTS


Protein production and purification


We were unable to obtain soluble, full-length REL1 when
expressed on its own in E. coli. However, a di-cistronic
construct for co-expression of REL1 with a fragment of
KREPA2 (amino acid residues 56–176; plasmid generously
provided by Wim Hol, University of Washington), permit-
ted expression of soluble REL1. This region of KREPA2
interacts with the C-terminal domain of the ligase (17,36)
and probably supports its correct folding in E. coli. Recom-
binant protein expression in E. coli BL21 (DE3) using LB
medium resulted in an initial ratio of roughly 2:1 of insol-
uble to soluble protein (estimated from relative band in-
tensity on Coomassie-stained SDS-PAGE gels). Reducing
IPTG concentration from 0.5 mM to 0.1 mM and adding a
10 min heat shock at 42◦C directly before induction resulted
in an optimized ratio of ∼1:1 and an increased yield of solu-
ble REL1-KREPA256–176 protein complex. Using a 6xHis-
tag at the N-terminus of KREPA256–176 for IMAC purifi-
cation, the REL1-KREPA256–176 complex could be isolated
to >95% purity (Figure 1A).


Assay development and optimization


Synthetic substrates developed for traditional in vitro edit-
ing and ligation assays (37) were modified by internal at-
tachment of the donor (6-FAM) and acceptor fluorophore
(Cy5) of a Förster Resonance Energy Transfer (FRET) pair
to the 5′-RNA and 3′-RNA oligonucleotides, respectively.
After annealing of 5′-RNA and 3′-RNA to a complemen-
tary gRNA, close proximity of the two fluorophores in the
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Figure 1. Purification of recombinant REL1 and initial characterization of the FRET-based assay. (A) SDS-PAGE showing the purified REL151–469-
KREPA251–176 complex. REL151–469 has a size of 46.9 kDa, while 6xHis-KREPA251–176 has a size of 16.5 kDa. (B) Schematic representation of the assay
principle. A nicked RNA duplex consisting of guide RNA (gRNA), 5′-RNA with donor fluorophore and 3′-RNA with acceptor fluorophore serves as
substrate. After incubation with REL1, ligated RNA is detected by denaturation-resistant FRET between the two fluorophores. (C) The FRET signal
is dependent on ATP and REL1. The assay was carried out as described in ‘Materials and Methods’ section under ‘Initial RNA annealing and ligation
conditions’, except 100 ng REL1 and the concentrations of ATP indicated were used. Means and standard deviations for three independent experiments
are shown. (D) The FRET signal is dependent on gRNA. The assay was carried out as described in ‘Materials and Methods’ section under ‘Initial RNA
annealing and ligation conditions’, except 200 ng REL1 were used, gRNA was added or omitted as indicated and samples were or were not denatured at
96◦C before reading, as indicated. Means and standard deviations for five (+gRNA) or three (−gRNA) replicates are shown.


dsRNA results in FRET. After sealing of the nick (e.g.
by active REL1), the FRET signal will be unaffected by
dsRNA denaturation (Figure 1B). Preventing sealing of the
nick (e.g. by inhibition of REL1 activity) will result in loss
of the FRET signal after dsRNA denaturation. As shown
in Figure 1C and D, the FRET signal shows the expected
dependency on REL1, ATP and gRNA. Reactions without
exogenous ATP gave a slightly higher signal than reactions
without REL1 (Figure 1C). This has previously been ob-
served for editosomes purified from T. brucei (37,38) as well
as for recombinant phage RNA ligase T4Rnl2 (24,39)––the
closest known homolog of the RELs (26)––and is due to
some ligase being pre-adenylylated when isolated from cells.


The dependence on gRNA is consistent with earlier re-
ports that unbridged RNA molecules are poor substrates
for the RELs (37,38). Efficient denaturation was achieved
by incubating the samples at 96◦C in the presence of 200-
fold excess of a DNA oligo that is complimentary to the
gRNA. This reduced the signal of unligated RNAs to that
of control reactions without both gRNA and REL1 (Figure
1D, compare heat denatured ‘−REL, +gRNA’ to ‘−REL1,
−gRNA’). Gel electrophoresis confirmed generation of the
expected products after annealing of the synthetic RNA
substrates and incubation with REL1 (Supplementary Fig-
ures S1 and S2). For both fluorophores, two alternative at-
tachment sites were also tested (6-FAM attached to the first
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uridylyl on the 5′-RNA and Cy5 attached to the third uridy-
lyl on the 3′-RNA, compare to Figure 1B; the attachment
chemistry limited the possible attachment sites to uridy-
lyls). The RNA molecules were tested in all four combina-
tions. The combination shown in Figure 1B gave an at least
three-fold better signal-to-baseline ratio (S:B; baseline de-
fined as reaction without ligase) than the other combina-
tions (data not shown) and was used for further optimiza-
tions. Replacing 6-FAM with Cy3 as donor resulted in an
approximately five-fold drop in S:B (Supplementary Figure
S3A and B). Consequently, subsequent optimizations were
performed using the 6-FAM/Cy5 combination (excitation
at 490 nm, detection at 670 nm). Note that the binding ki-
netics for unlabeled or fluorophore-labeled RNA substrates
to REL1 were not determined. It is possible that the fluo-
rophores affect binding to REL1, for example by steric hin-
drance, and such effects may in part be responsible for the
differences in S:B ratios observed for the various combina-
tions tested above.


To determine suitable temperatures for the ligation reac-
tion a range from 12.0–40.5◦C was tested. As shown in Fig-
ure 2A, 22◦C and 27◦C resulted in the strongest FRET sig-
nals, with higher temperatures possibly decreasing enzyme
and/or substrate stability. Testing a pH range of HEPES
and Tris–HCl buffers for the ligation reaction showed that
Tris–HCl pH 6.0 gave the best S:B ratio (Supplementary
Figure S3C, Figure 2B). Similar experiments using differ-
ent buffers and pH values for the RNA annealing reaction
showed that Tris–HCl buffer with pH 8.0 resulted in the best
S:B ratio (Figure 2C; note that the resulting pH in the liga-
tion reaction is 7.0). Several additional buffer components
were tested to enhance ligation efficiency. Of the Mg2+ and
K+ concentrations tested, 50 mM Mg2+ and 250 mM K+ in
the 10× annealing buffer and 10 mM Mg2+ and 50 mM K+


in the 10× ligation buffer were optimal (data not shown).
The presence of six cysteines in the REL1–KREPA256–176
complex, four in REL1 and two in KREPA256–176, makes
formation of disulphide bonds a possible way of protein
denaturation. Accordingly, 2.5 mM DTT was used during
purification and in all activity assays. However, since 2-
mercaptoethanol (2-ME) has a longer half-life than DTT
(40) it was tested as an alternative reducing agent. Initial ex-
periments with pre-ligated FRET substrate indicated that
2-ME had no negative effect on the FRET signal (data
not shown). However, independently of buffer or pH, 0.2%
(v/v) 2-ME resulted in a much lower S:B ratio after the lig-
ation reaction compared to 2.5 mM DTT (Figure 2D). It
is possible that the smaller 2-ME can enter the REL1 ATP
binding pocket and modify a cysteine involved in forming
the active center (26), thereby altering the affinity and ac-
tivity of REL1. The larger DTT would not be able to enter
the binding pocket.


The presence of detergents in the assay proved bene-
ficial. A final concentration of 0.1% (w/v) Triton X-100
improved the S:B ratio and resulted in faster reaction ki-
netics (Figure 3A). Titration of Triton X-100 and Brij-35
showed that a combination of 0.1% (w/v) Triton X-100 and
0.003% (w/v) Brij-35 gave the best results (data not shown).
The small amount of detergents might stabilize REL1 or
KREPA256–176 by increasing protein solubility, reduce pro-


tein binding to the well surface and/or help release ligated
RNA product from REL1.


In our assay, distinguishing ligated from un-ligated sub-
strate with good sensitivity and specificity depends upon a
complete separation of the fluorophore-labeled RNAs from
the gRNA bridge at the end of the reaction. Heat denatu-
ration at 96◦C in the presence of excess competitor DNA
(complementary to gRNA) proved efficient in small scale
experiments (see Figure 1D). However, this method is not
ideal for an HTS setting. Therefore, urea concentrations be-
tween 1 M and 8 M were tested as a method for efficient
denaturation at room temperature. Concentrations of 4 M
urea or higher denatured RNA duplexes as effectively as in-
cubation at 96◦C (Figure 3B). The assay was not affected
by the presence of up to 5% (v/v) DMSO (Figure 3C), an
important condition for HTS where compounds are usually
available in this solvent. Only concentrations ≥ 10% (v/v)
DMSO resulted in a noticeable decrease of the FRET sig-
nal.


Characterization of REL1 reaction kinetics using the FRET
assay


Using the optimized conditions we next measured product
formation over time and over a range of REL1 concen-
trations (Figure 4A). As expected, product formation in-
creased with higher protein concentration as well as longer
incubation times. For 66 nM REL1, the maximum signal
was reached after 20 min. Calibration with a double 6-
FAM/Cy5-labeled control oligonucleotide determined that
the maximum signal corresponded to ligation of ∼95%
of substrate (Supplementary Figure S3D). Reactions with
lower REL1 concentrations did not reach the same max-
imum. Adding fresh ATP restarted the reaction (Supple-
mentary Figure S3E), suggesting that this observation was
not simply a consequence of deteriorating activity of the en-
zyme. The biochemical basis for this observation remains
to be investigated. Testing product formation under the as-
sumption of Michaelis–Menten kinetics using a range of
ATP concentrations and initial velocity conditions (up to
5 min) established Km, Vmax and kcat values for the co-
substrate ATP of 0.76 ± 0.27 �M, 42.0 ± 4.0 nM/min and
0.54 ± 0.04 min−1, respectively (Figure 4B). The specific ac-
tivity of the REL1 preparation under these reaction condi-
tions was therefore 16.8 nmol min−1 mg−1 (50 ng of protein
was used per assay volume of 20 �l); this value was similar
for other preparations. We caution that the kinetic parame-
ters were calculated under the assumption that 100% of the
enzyme in the preparation was active. The actual percentage
of active protein has not been determined.


Pilot HTS and identification of REL1 inhibitors


To validate the suitability of the FRET-based REL1 activ-
ity assay for HTS, the assay conditions were adapted to 384-
well format to facilitate a pilot screen. An ATP concentra-
tion of 10 �M was chosen as a compromise between sensi-
tivity to inhibition and robust S:B ratio. As positive control
for inhibition we used National Cancer Institute compound
NSC42067, which had previously been identified in a virtual
screen and experimentally confirmed as a REL1 inhibitor
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Figure 2. Optimization of assay conditions (I). Optimization of (A) incubation temperature, (B) pH of ligation buffer, (C) pH of annealing buffer. (D)
Assay performance with dithiothreitol (DTT) versus �-mercaptoethanol (2-ME) as reducing agent. For (B), (C) and (D), parallel assays without REL1
were carried out as controls. Except for the parameters tested, all experiments were carried out as described in ‘Materials and Methods’ section under
‘Initial RNA annealing and ligation conditions’, and means and standard deviations for three replicates are shown.


that interferes with the first enzymatic step, adenylylation
(34). Using the HTS assay conditions an IC50 of 1.4 �M
was determined for NSC42067 (Figure 4C; see also Sup-
plementary Figure S4). Screening the LOPAC 1280 library
(single shot assays at 10 �M final concentration; four 384-
well plates, including controls) resulted in a mean Z’ score
of 0.74 and a mean S:B of 2.3, confirming suitability for
HTS (41). Applying the standard hit cut-off of three stan-
dard deviations from control samples resulted in the iden-
tification of 30 initial ‘hits’ (2.4% hit rate). Eight of these
were not reproducible, resulting in a final hit list of 22 com-
pounds (Table 1). Six of the seven compounds that showed
the strongest inhibition in the single-shot screen (Supple-
mentary Figure S5) were analyzed by dose response curves
to determine IC50 values. The compounds myricetin, tyr-
phostin AG 537, suramin, NF 023 hydrate and aurothioglu-
cose could be confirmed as inhibitors with IC50 values in the
low �M range, while the initial hit methyl-3,4-dephostatin
showed no significant inhibition up to 50 �M concentra-
tion (Figure 5 and Table 1). A second pilot screen against


the Maybridge library with a slightly altered liquid handling
protocol (pre-dispensing 25 �l of enzyme dilution to each
of the first two well of the plate) resulted in improved HTS
statistics of an average Z’ of 0.88 and an S:B of 3.6 (Supple-
mentary Figure S6). The standard cut-off of three standard
deviations from control samples resulted in a 3.3% hit rate.
An additional reading before stopping the reaction allowed
elimination of compounds interfering with the FRET signal
and reduced the hit rate to <1%.


Modeling suramin into the REL1 active site


Suramin’s relatively high potency combined with its large
size and symmetric character suggested that it might be
able to bind two instances of REL1 simultaneously. In-
deed, simultaneous binding of this compound to two target
molecules has been shown for Leishmania mexicana pyru-
vate kinase (LmPYK) (42). Therefore we explored whether
models of suramin binding in the ATP binding pocket of
two REL1 enzymes could be built without the two en-
zymes clashing. To create the initial model of such a com-
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Table 1. Hits from the pilot screen against the LOPAC library


Name CAS No. EC No.
PubChem
SID


Molecular
weight


Inhibition
at 10 �M1


IC50
(�M)2


Myricetin 529-44-2 208-463-2 24278566 318.24 100% 1.78
Methyl-3,4-dephostatin n/a n/a 24278575 168.15 97% > 50
Tyrphostin AG 537 n/a n/a 24278741 448.43 93% 0.25
Aurothioglucose hydrate 12192-57-3 235-365-7 24724383 392.18 93% 12.14
NF 023 hydrate 104869-31-0 n/a 24278597 1162.88 79% 1.95
Iofetamine hydrochloride 95896-48-3 n/a 24277716 339.64 70% n/d
Suramin sodium salt 129-46-4 204-949-3 24277738 1429.17 66% 2.94
�-Lapachone 4707-32-8 n/a 24278512 242.27 48% n/d
Cefsulodin sodium salt hydrate 52152-93-9 257-692-4 24278340 554.53 46% n/d
L-Canavanine 543-38-4 n/a 24892427 176.17 46% n/d
R-(–)-Desmethyldeprenyl hydrochloride 115586-38-4 n/a 24278383 209.72 38% n/d
cDPCP 106343-54-8 n/a n/a 379.14 30% n/d
ZM 39923 hydrochloride n/a n/a 24278044 367.91 26% n/d
Auranofin n/a 251-801-9 n/a 678.48 24% n/d
8-(p-Sulfophenyl)theophylline hydrate 80206-91-3 n/a 24277683 336.32 23% n/d
MNS 1485-00-3 n/a n/a 193.16 22% n/d
2-(Methylthio)adenosine 5′-diphosphate trisodium salt hydrate 475193-31-8 n/a 24278816 539.24 22% n/d
Cephalosporin C zinc salt 59143-60-1 261-624-9 24278307 478.79 21% n/d
2-Chloroadenosine triphosphate tetrasodium hydrate n/a n/a 24277700 629.55 18% n/d
MDL 105,519 161230-88-2 n/a 24277992 376.19 18% n/d
Morin hydrate 654055-01-3 207-542-9 24278552 302.24 17% n/d
cis-Diammineplatinum(II) dichloride 15663-27-1 239-733-8 24278632 300.05 14% n/d


1As suggested by HTS; n/a, not available; n/d, not determined.
2Note that the IC50 values measured will be influenced by the percentage of active protein in the preparation, which in this case is not known.


plex we took advantage of the symmetry in suramin and
first modeled binding of the one half to a single REL1 en-
zyme using the crystal structure with ATP bound (26). Half
of suramin was placed in the active site of REL1 overlay-
ing the naphthalene moiety of suramin with that of ATP
as best possible––given the bulky sulfonate groups––while
avoiding steric clashes. The complex was then duplicated
and reflected in the symmetry point of suramin shown in
Figure 6A. The binding mode of suramin is very similar
to other sulfonated naphthalene inhibitors, V2–V4, that we
have previously discovered (34) and the naphthalene ring’s
position is very similar to that of the native ATP substrate,
also stacking with Phe209 (Figure 6B; see Supplementary
Data for further details of the binding mode). Differences
are likely due to suramin containing three bulky sulfonate
groups while the other naphthalenes contained only one or
two of these. Exploring different orientations of the two en-
zyme molecules by rigid-body rotation we found three ad-
ditional models, during the rotation where the enzymes did
not clash. To gauge whether the four models were stable,
we subjected each of them to 100 ns of molecular dynamics
(MD) simulations. The enzymes are independently very sta-
ble over the course of the simulations (Supplementary Fig-
ure S7), the protein–ligand interactions are stable, and the
water phase between the two enzymes is persistent through-
out each of the simulations. This latter part suggests that
the two enzymes do not collapse on each other as a result
of suramin binding, which is in part perhaps because the
length of suramin prevents the two proteins from clashing.
The salt-bridge between Glu60 and Arg111, which was pre-
viously reported to be dynamic during simulations (34,43),
shows similar behavior here; the interaction is broken and
intermittently formed during the simulation of some of the
models, in other models it is more stable, perhaps attributed
to Glu60’s interacting with an amine group of suramin. The
models suggest that suramin binding to two proteins is a
likely outcome and contributes to its relatively high potency.
The binding mode we modeled for suramin is also likely for


NF 023 hydrate, since these molecules are very similar, with
NF 023 hydrate having a shorter linker in the middle, allow-
ing the two enzymes to come significantly closer together.


DISCUSSION


The key editing enzyme REL1 has been validated as an es-
sential enzyme in the disease-causing bloodstream form of
T. brucei (18), but lack of a specific, HTS compatible ac-
tivity assay has hampered development of REL1 as a tar-
get for novel therapies. We have now developed a novel
FRET-based assay for REL1 that combines ease of use with
highly reliable and reproducible results, thus demonstrating
its suitability for HTS. Together with available HTS assays
that can monitor a complete cycle of editing in vitro (32,33),
this assay makes the unique RNA editing process in try-
panosomatid parasites accessible as a new target for ther-
apeutic intervention.


Several aspects of this assay have systematically been op-
timized for the use in drug discovery. For example, the use of
urea instead of heat for denaturation reduces handling time
and eliminates the need for a suitable method of heating.
One major advantage of the FRET-based assay is the di-
rect measurement of the ligated RNA product itself. Avoid-
ing indirect measurement through secondary products elim-
inates possible sources for errors. Using only labeled RNA
substrate enables detection of every ligated RNA strand,
dramatically increasing the S:B ratio. Given enough time
and sufficient protein concentration, almost all of the sup-
plied substrate is ligated, which increases the S:B ratio fur-
ther. Combined, these aspects result in robust screening
statistics and biologically meaningful hit identification: five
of the six hits that were selected for follow-up could be con-
firmed. The absence of sample heating, the easy execution
due to the low number of steps and components and the
low volume needed compare favorably to assays described
for DNA ligases (28–31).


Although the principal motivation for screening the
LOPAC library was to validate our assay for HTS purposes,
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Figure 3. Optimization of assay conditions (II). (A) Comparison of liga-
tion production formation over time in the presence and absence of 0.1%
(v/v) Triton X-100 (TX-100). (B) Comparison of different methods for dis-
rupting the annealed (but unligated) nicked dsRNA substrate. Denatura-
tion by 96◦C heat in the presence of 200-fold excess competitor DNA oligo
was compared to treatment with 1–8 M urea at room temperature. (C) In-
fluence of 0.2–10% (v/v) DMSO on assay performance. Except for the pa-
rameters tested, all experiments were carried out as described in ‘Materials
and Methods’ section under ‘Initial RNA annealing and ligation condi-
tions’, and means and standard deviations for three replicates are shown.


Figure 4. Kinetic characterization of REL1. (A) Product formation over
time. Substrate was incubated with different concentrations of REL1 and
urea stop buffer was added after 0–70 min. (B) Determination of Km for
ATP. The assay was carried out with varying concentrations of ATP and
50 ng REL1 in a reaction volume of 20 �l. The data were fitted to the
Michaelis–Menten equation. (C) Determination of IC50 for compound
NSC42067. REL1 activity was measured in the presence of increasing con-
centrations of compound, calculated as% inhibition compared to the con-
trol, plotted and fitted to a sigmoidal curve. All experiments were carried
out under optimized conditions, and means and standard deviations for
three replicates are shown.
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Figure 5. Dose-response curves for the top six hits from the pilot screen
against the LOPAC library. Data were plotted as% inhibition compared
to controls without inhibitor and fitted to a sigmoidal curve. (A) Com-
pounds myricetin, NF023 hydrate and tyrphostin AG537. (B) Compounds
suramin, methyl-3,4-dephostatin and aurothioglucose. All experiments
were carried out under optimized conditions, and means and standard de-
viations for three replicates are shown.


the hits that were confirmed as REL1 inhibitors (suramin,
NF 023, myricetin, tyrphostin AG 537, aurothioglucose)
may prove useful. Suramin has been used for treatment of
HAT since the 1920s. Most likely it acts on several T. brucei
pathways and the exact mode of action is still not entirely
clear (42,44,45). Suramin and its analogue NF 023 have pre-
viously been identified as inhibitor of RNA editing in vitro
(32,46). One study suggested that NF 023 and suramin ‘are
either acting at a step following the endonuclease cleavage
or alternatively having global effects on the editing complex’
(32). Our confirmation of these compounds as REL1 in-
hibitors supports the first hypothesis. Interestingly, our labs
had previously identified related naphthalene-based com-


Figure 6. Proposed binding mode of suramin to REL1. (A) Predicted
binding of suramin to two REL1 enzymes simultaneously. The two en-
zymes have been colored gray and tan, respectively. Suramin is shown with
its carbon atoms colored green. Only side-chains of residues in the two
enzymes that interact with suramin are shown for clarity (carbon atoms
colored cyan). (B) Detailed view of the predicted interaction of one half
of suramin with key residues in the ATP binding pocket. Suramin, shown
with carbon atoms colored green, assumes the binding position of REL1’s
natural substrate ATP and its interactions with the enzyme. Only the side-
chains of interacting residues in the enzyme are shown for clarity (in cyan).


pounds similar to suramin and NF 023 as REL1 inhibitors
via virtual screens (34,43). However, since trypanosomes
that are not dependent on mitochondrial gene expression
show no decreased sensitivity to suramin (47), REL1 is
clearly not a relevant target of suramin in vivo. Further-
more, negatively charged compounds would require active
transport to reach suitable concentrations in the mitochon-
drial matrix, which is also negatively charged. Both suramin
and NF 023 have also been found to inhibit HCV heli-
case, another ATP-dependent nucleic acid-modifying en-
zyme (48). Crystal structures of suramin and suramin ana-
logues bound to pyruvate kinases from L. mexicana and
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Trypanosoma cruzi showed how suramin binds these pro-
teins (42). Our molecular modeling studies suggest a similar
two-to-one stoichiometry for REL1-suramin binding, and
perhaps for NF 023 as well.


Two other hits from the LOPAC screen, myricetin and
tyrphostin AG 537, share as a common feature phenyl
groups with two or one additional hydroxyl groups, respec-
tively, and this similarity could be a possible reason for
the considerable potency of both molecules toward REL1.
Nonetheless, they belong to different compound classes.
Tyrphostin AG 537, like other dimeric tyrphostins, is a po-
tent inhibitor of the oncoprotein EGF receptor tyrosine ki-
nase (49) and of dynamin I GTPase activity (50). Its rel-
atively high molecular weight makes it an unlikely candi-
date for hit-to-lead optimization. Myricetin is a naturally
occurring flavonol with strong antiradical activity and an-
tiproliferative effects on cancer lines, reportedly due to an
impairment of cell cycle progression (51). It was also iden-
tified as an inhibitor of T. brucei hexokinase 1, albeit with
only moderate potency (52). A closely related compound,
quercertin, is toxic to T. brucei gambiense in vitro with an
LD50 of 10 �M without affecting human hemopoietic cells
(53). These findings, combined with myricetin’s low molecu-
lar weight and considerable potency toward REL1, suggest
myricetin as a possible starting point for compound opti-
mization. These examples illustrate the potential of our as-
say for finding new drug leads for HAT. The unproblematic
adaptation of the assay for 384-well format suggests feasi-
bility for a 1536-well format.


The HTS described here cannot distinguish between
competitive inhibitors of ATP binding (which would be ex-
pected to enter the ATP binding pocket), non-competitive
inhibitors that alter REL1 activity in other ways or com-
pounds that bind the RNA substrates. Compounds that in-
hibit editosome function by one of the latter two mecha-
nisms have been described (54,55). The suramin docking
studies described above and our earlier confirmation of
similar compounds as inhibitors of the adenylylation step
(34), strongly suggest that suramin and, by extension, NF
023, are indeed competitive inhibitors of ATP binding. The
mode of inhibition of the other compounds described in the
present study remains to be determined.


HAT is only one of the diseases caused by kinetoplastids
(56). Chagas disease, caused by T. cruzi is endemic to South
America and endangers tens of millions of people there
(57,58). Leishmania spp. cause leishmaniasis which results in
hundreds of thousands of deaths every year (59). All kine-
toplastids have mitochondrial RNA editing ligases highly
homologs to T. brucei REL1 (18,26). In the case of T. bru-
cei, an inhibitor of the mitochondrial REL1 with potency in
vivo is required to cross three membranes, which poses ad-
ditional challenges for drug development. However, a num-
ber of important existing anti-trypanosomatid drugs have
mitochondrial targets (47), a huge range of other clinically
approved drugs act directly on these organelles (60), and ap-
proaches are being developed for mitochondrial specific de-
livery (60).


Additionally to the potential for cross-trypanosomatid
drug discovery our assay also has potential as a research
tool for further investigations into REL1 function. This is
particularly relevant for T. cruzi and Leishmania, where ge-


netic tools to study gene function are less developed than in
T. brucei. In vitro and in vivo studies of REL1 biochemistry
and function have traditionally relied on assays with ra-
dioactively labeled substrates (22,26,27,61). Using our new
FRET-based assay drastically reduces the amount of pro-
tein and reagents needed as well as simplifying the process
of activity testing.


Beyond RNA editing ligases this assay has also the poten-
tial to be used with other nucleic acid ligases. The assay for-
mat can readily be adapted to study bacteriophage ligases
such as T4Rnl2 (24,62) and DNA ligases, which are pursued
as potential antimicrobial and anti-cancer targets (29,63).
Adaptation of the assay format to the latter enzymes would
also be useful to determine if REL1 inhibitors interfere with
human DNA ligase functions and thereby estimate possible
side effects early during the drug development process.


In summary, the new RNA ligase activity assay presented
here will aid drug discovery and basic research efforts re-
garding RNA editing in trypanosomes and also promises
to assist the investigation of related nucleic acid processing
activities in other systems.
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6)  In the context of my present position and simulating 
tumour metastasis in a platelet rich environment based on tissue 
culture modelling, The first task was to develop a simple stream 
lined model of tumour endothelium interaction in culture: This has 
been achieved by seeding Boyden chambers with Huvec cells 
followed by additional seeding with a tumour cell line (HT 29) and 
then evaluating transmigration of the latter cells through the 
endothelial barrier. All seeding parameters have been personally 
and empirically investigated by myself, with proposals put at bi 
weekly meetings to my PI who then comments on my ideas. In 
addition, I have reached out to the scientific community at large 
via Research Gate to solicit best practice and also consulted 
current literature on transmigration to adopt and adapt such 
published precedents. The next stage, which will commence 
shortly, will be to set up the full transmigration assay, where 
purified platelets are added to the mix together with putative 
antagonists of platelet exosome factors to identify substances 
demonstrating putative inhibition of HT 29 transmigration 
 
7) In the context of isoform specific gene expression linked to 
cardio toxicity protection in select Myocyte cell lines I devised an 
SOP for students which took them from mining transcripts in data 
bases like EBI/Ensembl to primer design which includes general 
aspects of primer design, e.g. avoiding hair pin loops,  formation 
of heterodimers and crucially how to select target sites for such 
optimal primers in order to amplify just one gene transcript and 
not another; viz. selection of exon-exon sites only found in that 
spliceform. Having compiled an extended SOP a number of 
students were walked through it in a tutorial type discussion of the 
procedure 
 
         




Identifying NCBI transcript & associated primers 


1. Go to the Entrez gene (‘Gene’) database (formerly ‘Locus Link’): 
http://www.ncbi.nlm.nih.gov/gene 


2. Click on the ‘RefSeqGene link’: ‘Resources_DNA & RNA_RefSeqGene’ 
3. This will take you to the portal for NCBI Reference sequences 
4. Type the generic name of your gene into the search box_Search 
5. Now select the link to your gene 
6. This should provide a summary page of your gene: 
7. On the right hand side you should see ‘NCBI Reference sequences’ 
8. Click on this and you will come to a page giving details of transcripts 
9. One of the headings is ‘mRNA & Proteins’ & under that links are provided 


to individual transcripts, denoted by accession numbers ‘NM*****’ 
10. Now click on the ‘NM******’ link: This will take you to a detailed 


description of the transcript 
11. On the right hand side is the heading ‘RefSeq alternative splicing’:  
12. Click on this link and you are taken to links of respective transcript variants 


 


Elucidating Transcript structure in Ensembl 


Ensembl is the EBI data base for genomic information including mRNA 
Transcripts. I like to elucidate transcript structure in Ensembl to clarify and 
confirm structures predicted by NCBI 


Moreover, I only focus on and design primers to structures predicted by 
both NCBI and Ensembl  


  


Sub loop Protocol  


A. From the NCBI page summarising transcripts click on the back button 
B. This will take you to a GenBank transcript sequence 
C. Scroll down until you see ‘Link out to External resources’ on the right 


hand side 
D. Now click on Ensembl 



http://www.ncbi.nlm.nih.gov/gene





E. Amongst other things you will see a summary table itemising transcripts, 
including aforementioned ‘NM ****’ NCBI structures under the column 
‘Refseq’ 


F. Under the heading ‘about this transcript’ click on the link which 
enumerates the number of exons 


G. Under the heading ‘Exons’ you will see a graphical summary of Exon and 
Intron structures for that transcript version 


H. To archive click on the excel icon then open 
I. Save that transcript and including the ‘NM***’ name in the file title 
J. Now go back to the transcript summary table and repeat this process 
K. Compare transcript structures and colour code exons that are unique to 


each transcript version 


 


Selecting primers from FASTA files of NCBI Reference Sequences using Primer 
BLAST 


13.  Navigate back to the NCBI transcript summary page by clicking on one of 
the (NCBI) transcripts in the ‘RefSeq’ column then ‘alternative’ splicing’ 
further down on the right hand side 


14. For each transcript variant (of interest) click on ‘FASTA’ 
15. If unique exons have been elucidated in Ensembl: 
16. Click on ‘highlight sequence features’ 
17. Now go to the bottom select ‘exons’ and navigate to the last unique exon 


of that splice variant 
18. Click on FASTA at the bottom of the window: This should just show the 


particular exon formerly highlighted 
19. Now change the region by typing ‘1’ for the beginning of displayed region 


and ‘update view’: This will now display just those exons from the start of 
the transcript unique to that splice variant  


20.  Click ‘pick primers’ 
21.  This should take you to a new window  
22. Within the ‘PCR template’ field you should see the transcript accession 


number viz. ‘NM*****’ under investigation 
23.  Change the following parameters: 


 







 Primer melting temp_’Opt’  to 65oC and ‘max’ to 70oC 
 Exon junction span = ‘primers must span exon-exon junction’ 
 # of primers to return = 5 
 Max Tm difference = 2 
 Product size = 100bp to 300bp (for qPCR) 
 It is important to keep the amplicon size between 200-300bp Maximum 
as this will discourage ‘Relaxed’ primer placing which will discourage 
amplification of other isoforms !! 
 


24.   Select ‘show results in a new window’ 
25.   ‘Get primers’ 
26.   To save primer sequences in ‘detailed primer reports’ highlight all the 


information and paste into an excel spreadsheet 


Selecting primers to use 


Appraise primers in ‘detailed primer view’; In particular look for the  
following: 


1. On average, make primers 18-22 mers and incorporate 50 – 60% GC. This equates to an 
average Tm of ~ 60oC 


2. Avoid runs of 3 or more of the same bases, particularly G’s & C’s or consecutive G’s 
3. Keep primer Tm’s in an optimal window of 55oC_65oC 
4. Ensure that primer pairs have Tm’s within 2oC of one another 
5. Preferably match primers for Δ G values as well: No more than -10Kcal/mol between primer 


pairs 
 


6. Pay attention to the last 5 bases:  
 


 Termination  with either a ‘G’ or ‘C’ residue preceded by a pyrimidine base is acceptable 
 Avoid terminating with ‘T’ residues 
 If primer must end in 3 purine (GC) residues (by virtue of restricted placement) 


terminate with an ‘A’ residue 
 Termination with either a GG/GC or CC residue is satisfactory 
 Indeed some commentators think that this so called ‘GC clamp’ increases priming 


efficiency and so is preferable for qPCR primers 
 
Blasting selected primers from Graphical view 
 
27.  Right Click on selected primer in ‘Graphical view’ (if available: If not copy 


and paste primer sequence to BLAST as described below) 
28.  Now select ‘BLAST & Primer Search’_’Blast search (visible region)’ 







29.  Select ‘RefSeq RNA’ under database and BLAST 
30.  Make sure just one transcript variant is highlighted in colour in returned 


output and has ‘100% query’ ‘100% identity’  
 
 
 
 
Mapping primers to NCBI Transcripts 


31. Now go back to ‘graphical primer view’ highlight the primer pair of   
interest_go down to ‘FASTA’ view_select: 


32. This will generate a separate field tab of FASTA sequence encompassing   
the primer amplicon 


33. Go back to the original forward primer sequence 
34. Copy this sequence  
35. Now go to the amplicon sequence tab_’Find in this sequence’_paste into 


find field_find: Make sure the primer sequence defines the beginning of 
the amplicon sequence 


36. Now do the same for the reverse complement of the reverse primer 
37. To reverse complement the reverse primer sequence open ‘Oligo 


calculator’: 


  http://www.basic.northwestern.edu/biotools/oligocalc.html 
 


38. Paste the reverse primer sequence into the top field_calculate_swap  
strands_Copy and paste the reverse complement strand into the find field 
of amplicon sequence: Ensure it defines the end of that sequence 


39. To map the primers to an archived copy of the transcript variant sequence 
highlight any of the primer pairs in the graphical view of the primer 
sequences_right click_download_FASTA visible range_Open_Select word: 
This creates an archived word file of that sequence 


40. Now use the find function in word to map the primer sequences to the 
archived word copy of the transcript sequence 


41. Alternatively, go back to the FASTA file of the whole transcript 
sequence_select ‘find in this sequence’ and map primer sequences to NCBI 
transcript. Unlike the ‘find’ function in word this will always find the primer 
sequence 


42. Having mapped the primer sequence that way copy and paste into word 



http://www.basic.northwestern.edu/biotools/oligocalc.html





 


Blast Searching of primer to verify specificity 
 
43. Go back to Oligo Calculator 
44. If required re paste primer sequence 
45. Hit ‘calculate’ then  ‘Blast’: 
46. Now select the alternative link to use the updated BLAST algorithm 
47. Select ‘Human’ for data base 
48. Select ‘RefSeq RNA’ from drop down menu described as ‘data base’ 
49. Now paste primer sequence into the query field 
50. Select ‘Show results in a new window’ 
51. BLAST 
52.  In the ‘Graphical summary’ Look (ideally) for just 1 x graphical coverage 


line in blue 
53. Click on this &  Verify that all ‘query cover’ and ‘identity’ cover of ‘100%’ 


are just the gene under scrutiny: This confirms that this sequence only 
maps to database entries corresponding to that gene and no other 
secondary site in the genome 


54. Scroll down to description and make sure that alternative versions of that 
transcript, whilst reporting ‘100% identify’ do not yield ‘100% query cover’  


 


Verifying exon locations for Exon spanning primers 


55.   Go back to NCBI RefSeq NCBI file 
56.   Click on ‘highlight sequence features’_exons 
57.   This defines exons 
58. Now map back exon locations to archived word sequence: This will enable  


you to verify that a particular primer crosses an exon-exon junction 
59. Now make sure that primers cross exon-exon junctions predicted as 


unique to that transcript in the Ensembl Schematic (saved in Excel) 


 


Appraising Design and specificity of Selected primers 


To appraise the specificity of primers selected by primer blast from NCBI 
Ref Seq transcript sequence(s): 
 


 Open Oligo calculator: 







 http://www.basic.northwestern.edu/biotools/oligocalc.html 
 Paste primer sequence into investigation field: 
 ‘check self complementarity’: 
 Ideally all 3 fields will come back with none !! 
 If putative ‘self annealing sites are highlighted verify thermal stability using 
IDT oligo analyser tool ( > -10kcal/mol = potential steady state, real time 
structure, i.e. the possibility this annealing may actually occur in reality in 
your PCR reaction) 


 If ‘hairpin formation’ and ‘complementarity’ are identified then 
design/select alternative primer 


  Now open IDT oligo analyser tool: 
  https://www.idtdna.om/ccalc/analyzer 
  Paste primer sequence into analysis window 
  In addition enter real time reaction parameters like [mg] which affect 
duplex stability and thus Tm: 


 [Mg] = 1.5mM 
 [dNTP] = 0.2mM 
 [Na] = default 
 [primer] = 0.5mM 


 
 


 Click analyse: Make a note of the Tm 
 If ‘self annealing’ was identified by oligo calculator also subject primer to 
‘self dimer’ analysis: If the ΔG value returned is < 10kCal/mol this implies 
that the predicted structure has no steady state basis in reality and thus will 
not accrue to any appreciable degree 


 Now select ‘hetero dimer analysis’ in IDT oligo analyser 
 Paste the reverse primer into the ‘secondary sequence’ box  
 Hit calculate: 
 Once again pay close attention to any structures with ΔG values > -
10kcal/mol: These normally equate to 3 or more G/C residues at the 5’ or 3’ 
ends of primers and can potentially culminate in primer dimers. 3 x G/C 
residues at either end of a primer should therefore be avoided !! 


 In particular: 
 


Ignore predicted dimer formation where ΔG < -10 kcal/mol if 
 


 Duplex formation not at either termini 



http://www.basic.northwestern.edu/biotools/oligocalc.html

https://www.idtdna.com/calc/analyzer





 Dimer formation consists of predominant contiguous ‘A’ & ‘T’ residues 
 Dimer formation consists of non contiguous bases 


 
 


 See also ‘net primer’: 
 http://www.premierbiosoft.com/netprimer/index.html 


 
 


Mapping & archiving primer sequences to target RefSeq 


60.   Go back to NCBI BLAST result(s) window 
61.   Select ‘GenBank’ for aligned sequence 
62.  This will bring up the transcript sequence 
63.  Select ‘FASTA’ 
64.  Now select ‘find in this sequence’ 
65.  Identify primer sequence then copy and paste into word in order to 


format/highlight primer sequences 


 


 


 


 


 



http://www.premierbiosoft.com/netprimer/index.html



lsh11
File Attachment
Detailed primer design including Gen Bank details_Updated with Ensembl addition_170314.pdf
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A3: analyse, interpret and 
evaluate relevant scientific 
and technology 
information, concepts and 
ideas and to propose 
solutions to problems 

This means that you can describe how 
you observe the results or examples 
from your work and that of others and 
explain their relevance.  How you are 
able to review the work and ideas of 
others and propose ways in which 
problems/difficulties may be overcome.  
Your example could show how you: 

a) enable others to be able to analyse 
and interpret their work and advise 
on how they may overcome 
problems. 

b) review a number of relevant 
literature/manuals/designs and 
present your findings to others. 

c) develop new methods/approach 
based on information or outcomes 
from previous work by others or 
yourself. 

Why: 
 
1) We have an experimental cohort of formalin fixed paraffin 
embedded (FFPE) tissue samples that are refractory to antibodies 
targeting CD31, a marker of new blood vessel formation. This 
experimental cohort is designed to investigate whether drugs 
delivered in the vicinity of a clot by stent can promote formation of 
new blood vessels as evinced by immunohistochemistry (IHC) 
using CD 31 inter alia 
2) Another example in my current position of proposing solutions 
to experimental problems concerned another project I was linked 
to where I benched supervised a Ph.D student regarding 
experimental design and data interpretation linked to project work 
investigating gene expression in experimental cell lines simulating 
human myocardium. In essence, I/we needed to come up with a 
solution or standardised method to reliably quantify expression of 
genes of interest (GOI’s) in the context of different cell lines with 
different and defined physiological properties regarding cardio 
toxicity   
 
3) In my prior infectious diseases post at the university of 
Edinburgh (validated by Ref. #2) it proved necessary to produce 
large amounts of soluble, active and stable recombinant target 
protein as pre requisite to develop and implement drug screening 
with a FRET based assay, as elaborated in a previous competency 
answer  
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What: 
 
1) To evaluate formation of new blood vessels in experimental 
samples we needed to find a way of renaturing or retrieving the 
CD 31 epitope that is targeted by anti CD 31 antibodies and thus 
quantifiable by IHC. Formerly, the epitope had been denatured by 
the fixation process rendering IHC unworkable 
2) With regard to gene expression and cardiotoxicity devise a 
workable empirical standardised method for evaluating gene in 
expression in human derived myocardial cell lines 
 
3) To produce large amounts of a  soluble recombinant target 
protein, stable in long term storage in order to develop and 
implement a drug screening program (of small compound libraries) 
to identify putative antagonists with potential utility as a 
chemotherapeutic agent to treat Human African Trypanosomiasis 
(HAT)   
How: 
 
1) In order to un mask the epitope Denatured by tissue fixation 
there are various methods of antigen ‘chemical retrieval’ that 
needed to be tried. This was done by me personally and based on 
extant data but also analogous optimisation I had performed in a 
previous position, I evaluated an improvised method based on 
standard practice. This did indeed unmask the CD31 epitope: As a 
consequence of this optimisation, entirely conceived and 
performed in the laboratory by myself we are now in a position to 
begin screening the experimental cohort and answer the question. 
‘Do certain growth factors promote collateral blood formation’ in 
the vicinity of a simulated Atherosclerotic plaque (in experimental 
rat models’  
2) In order to standardise gene expression data derived from real 
time qPCR platforms (ABI Viia 7) it was first necessary to evaluate 
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a panel of ‘housekeeping genes’ (for normalising expression 
between different biological replicates) by gel based RT PCR to 
identify those with strong and consistent expression in the context 
of particular myocardial cell lines. The sub set of such genes that 
satisfied these criteria where then further evaluated by sybr green 
real time qPCR; recapitulating gel based RT PCR to make sure 
such genes were strong and stable in the context of real time PCR: 
Although this bench work was not performed by me, selection of 
appropriate cardiac housekeeping genes, based on published 
precedents & discussions on Research gate, including soliciting 
answers to pertinent experimental questions; design of RT PCR 
and real time qPCR experiments and interpretation/data 
troubleshooting, including selection of best software for evaluating 
stable gene expression in our experimental system, cf. Normfinder, 
were performed by me and necessary experiments carried out by 
the Ph.D student under my direction.  
 
3) Regarding production of stable, soluble and abundant 
amount of a recombinant target protein, underpinning a 
HAT drug discovery program at the University of Edinburgh, my 
first and personal task was to perform small scale pilot expression 
experiments to investigate yield and activity of soluble 
recombinant protein. This was based on guidance from my PI, 
precedents in the literature and conversations with protein 
biochemists in the core proteomics facility at the University of 
Edinburgh. In essence expression in E Coli (BL21 DE3)  can result 
in production of large amounts of in soluble inclusion bodies not fit 
for purpose: This is due to mis directed post translational 
modification coupled with crude expression conditions 
exacerbating protein mis folding in vitro. As a result of literature, 
e.g. Nature Methods and guidance from protein biochemists and 
discussions with my PI empirical evaluation resulted in large 
amounts of the active fraction we required to implement the drug 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4380439/
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screening program: In essence, the solution to insoluble inclusion 
bodies in the context of our experimental system was to include a 
heat shock procedure in the protocol and then commence 
expression over a protracted time period at sub ambient 
temperatures. The former kick starts heat shock proteins that turn 
on protein expression efficiently whereas the latter ensures that 
ensuing expression results in a high proportion of soluble active 
protein by minimising misfolding   

 

B: Personal responsibility: Exercise personal responsibility in planning and implementing tasks  

Competencies Guidance Evidence Chosen 

B1: work autonomously 
while recognising limits of 
scope of practice 

This means that you can show how you 
work with no supervision for certain key 
tasks, experiments or procedures 
associated with your role, whilst 
understanding when you need to seek 
input from either your supervisor or 
others. You should be able to explain 
how you carry out certain work with no 
input from your line manager and 
describe how/what you report back in 
detail to her/him on completion. 

 

Why: 
 
1) My current role as a ‘core research technician’ is a 
centrally funded support role and my overall job scope is  
to offer technical support to individual end users’ 
particularly students with limited laboratory experience 
and also provide and maintain a fully functioning multi PI 
large molecular biology laboratory. I was hired into this 
position based on my abundant experience in both ambits and as 
such I am expected to organise my own time and interact with 
students, PIs admin and outside technical representatives with 
minimal input from my line manager 
 

2) In my prior position at the University of Edinburgh (Ref. 
#2) I was, as my PIs first employee in the UK, having come to the 
UK on an MRC fellowship from the USA, I was expected to assist 
with lab set up from its inception and also set up a drug discovery 
project, building on prior work in the USA 
 

http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_protein-expression.html
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_protein-expression.html
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What: 
 
1) Organise my own work schedule and objectives in order to 
autonomously support research projects of students by technical 
training and troubleshooting; set up and discharge personal bench 
projects with PIs; and maintain a fully functioning molecular 
biology lab through stock taking and ordering consumables; 
auditing a small consumables budget by liasing with finance staff 
and collaborate with outside representatives to trial new products 
in order reduce costs and improve experimental procedures, i.e. 
procure more ‘bang for the buck’  
 
2) Recapitulating point 1), set up a new laboratory with minimal 
supervision and also implement a drug discovery program, building 
on prior work in the USA 
 
How: 
 
1) Based on prior experience I manage my own time and set my 
own priorities; both with regard to project work and running a 
busy multi user molecular biology laboratory. In essence, this 
requires efficient time management in which one or more bench 
projects are intercalated with housekeeping duties to satisfy both 
sets of work objectives. Regarding lab management I discharge 
this aspect of my job description completely independently based 
on prior personal practice; I simply keep my line manager in the 
loop. Where bench project work is concerned I discharge technical 
duties independently but recognise the bigger picture informing 
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why I do what I do is outside my own expertise (requiring 
theoretical expertise in the actual subject matter). Accordingly, I 
will try and trial particular technical solutions to problems 
associated with experiments of my own volition but the initial 
project scope is set by a PI who I will meet with on an intermittent 
basis. These progress meetings take the form of me presenting 
material(s)/results, usually in power point format as a personal 
presentation for comment and scrutiny. Technical details tend to 
be a 2 way discussion, based on my own findings and discussion 
elicited by me via forums like Research Gate but project priorities, 
vis-à-vis how they conform to the bigger picture and permission(s) 
to order relevant experimental consumables are given by the PI 
  
2) Regarding set up of the lab and project work at the 
University of Edinburgh: 
 
I spent the first 3 months in post: 

 
• Procuring quotes for key pieces of equipment 
• Purchasing such equipment and consumables with 

permission from my PI/line manager 
• Organising the physical space in the lab including attendant 

organisation of fridges and freezers for perishable 
consumables for subsequent project work to be carried out 
by myself and other lab staff employed subsequently 

 
 Having set up the lab, I liased with my PI to identify bench work 
priorities and project scope with reference to the aforementioned 
drug discovery program I personally and independently performed 
in the lab. To autonomously perform this lab work, I versed myself 
with key achievements in the USA and then identified technical 
strategies to achieve key practical objectives as already outlined, 
viz. efficient production of soluble and stable recombinant target 
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protein (rREL 1) and subsequent optimisation of the fluorescent 
assay utilising rREL 1 with reference to substrates, enzyme kinetics 
and statistical evaluation of preliminary hits. My principal role was 
to independently perform the wet science and inform my PI of 
progress and potential future experiments. He would ratify 
progress; confirm future objectives and also modify experimental 
objectives in line with MRC project milestones and finance. 
Progress meetings were weekly and took the form of one on one 
Power Point presentations of data, experimental design and future 
priorities. In addition, I was expected to present via Power Point to 
publicly to the group as a whole in order for my PI but also post 
doctoral fellows to comment on my data and plans   

B2: take responsibility for 
safe working practices and 
contribute to their 
evaluation and 
improvement 

This means that you can describe how 
you accept responsibility for working 
safely.  How you may be responsible for 
the generation and communication of 
some of the following (but not limited 
to) and can give examples: 

 risk assessments associated with 
your work 

 relevant Health and Safety 
regulations, e.g. COSHH, Noise, 
Manual Handling, DSE 

 relevant Home Office Licences 

Why: 
 
1) In my current position I am responsible for all aspects of the labs 
operation and Infra structure, including Health and Safety. 
Similarly for my former cited position at the University of 
Edinburgh 
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 safety training courses you have 
successfully completed for your 
laboratory role 

 any monitoring of safety within your 
work, e.g. for radioactivity, chemical 
exposure 

 safety equipment and control 
measures necessary to work safely 
and protect others. 

 carrying out safety inspections of 
premises and equipment, producing 
reports and making 
recommendations. 

You may also be responsible for an 
aspect of ‘safety monitoring or training’ 
and (if relevant) a description of this 
should be included.  

What: 
 
1) Devise and ensure safe implementation of Good laboratory 
practice, complaint with COSHH, in my current run 
 

2) Devise and ensure safe implementation of good laboratory, 
COSHH complaint practice in my former cited role at the university 
of Edinburgh  

How: 
 
1) In my current position, I am responsible for completing 
COSHH forms for communal hazardous chemicals I order via 
smarter purchasing 

2) In addition, I am responsible for training students in the 
completion of such forms and making sure they understand and 
comply with GLP in terms of PPE and waste disposal: Training of 
novice students is an integral part of the students 
introduction/induction into the lab 

3) Apart from this induction into health and safety, I provide an ad 
hoc  service for anyone purchasing hazardous/toxic chemicals 
linked to a new procedure if they require help completing or 
complying with the COSHH form, e.g. interpretation of hazard 
statements; pictograms & risk phrases 

4)  In addition, safe working practice is inculcated by training, e.g. 
safe waste streaming by paying attention to such things as 
methods and routes of disposal: A seminal example would be 
making sure that cytotoxic chemicals are only handled in the fume 
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hood and are disposed of in a cytotoxic bin, collected and 
eradicated by incineration; as opposed to working on the open 
bench and streaming such waste via standard orange biological.  
waste bags, neutralised by microwaving and destined for land fill. 
An example of this would be use of Trizol for extraction of RNA 

5) To ensure that such practices are continually adhered to, apart 
from initial training of students we have monthly lab meetings 
where obvious transgressions are pointed out and GLP is clarified 
in such meetings and subsequent lab minutes. These monthly 
meetings are augmented by ad hoc e mails when mal practice is 
identified  

6) Another example of safe working practice compliant with COSHH 
is storage of chemicals; This has been set up by me as part of my 
lab management remit: Specifically, acids and alkalis are separated 
from oxidising agents in separate metal fire proof cabinets and 
volatile cabinets are stored in ducted, ventilated solvent cabinets 

7) To comply and implement the above I have attended Leicester 
specific COSHH and risk assessment courses 
 

8) In my former position at the University of Edinburgh, I 
was responsible for all aspects of health and safety including inter 
alia GLP, storage and safe handling of hazardous substances and 
waste streaming. Thus all of the above considerations and 
practices were similarly carried out 

9) Furthermore, to gain an appreciation of such practices and how 
they are informed by HSE legislation I attended a 1 week Biosafety 
course with 1 full day of examinations and an oral presentation, 
culminating in the award of Bio safety practitioner (Foundation 
Level #1)  

http://www.istr.org.uk/docs/bsp%20level%201%20register.pdf
http://www.istr.org.uk/docs/bsp%20level%201%20register.pdf





lsh11
File Attachment
Biosafety Prac Training course_Edinburgh_Nov 2011_2.pdf






lsh11
File Attachment
Biosafety Prac Training course_Edinburgh_July 2012_Certificate of Registration for Practice.pdf






lsh11
File Attachment
Biosafety Prac Training course_Edinburgh_July 2012_Practice register.pdf






lsh11
File Attachment
Biosafety Prac Training course_Edinburgh_Nov 2011_Marks.pdf
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B3: promote and ensure 
the application of quality 
standards 

This means that you can show how you 
are aware of the quality standards 
necessary for the work being carried out 
by you and others.  You should be able 
to describe examples of how you 
promote these standards and ensure 
that they are applied.  You may for 
example: 

a) produce and communicate protocol 
standards (such as good 
laboratory/workshop/design practice) 

b) train others to recognise when 
something has not been carried out 
correctly and explain the impact this 
could have. 

c) contribute to the analysis of your 
own and others’ work and explain 
the impact of good and bad data and 
outcomes 

d) recognise when your own and others’ 
work needs to be repeated or the 

Why: 
 
1) I am responsible for a  managing a large multi user lab where all 
personnel are required to adhere to GLP and be mindful of each 
others’  practices to render this environment both safe and 
competent 
 

2) In my prior role at the University of Edinburgh the same 
existential practices and considerations pertained   

What: 
 
1) In both my current role in the BHF cardiovascular centre at the 
University of Edinburgh and former role in Infectious diseases at 
the University of Edinburgh, part of my remit was to ensure safe 
and competent working practice through administering COSHH and 
paying due regard to laboratory organisation and GLP 
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methodology updated and be able to 
communicate the reasons for this in 
terms of reproducibility or quality 
standards for example. 

How: 
 
1) In both such roles to promote and sustain the application of 
quality standards I 
 

• Make sure that for all new chemicals that are communally 
ordered on behalf of the lab, COSHH forms for hazardous 
chemicals are completed 

• Furthermore, these are made available via our departmental 
intranet and all new lab staff are aware of their location via 
an induction pack 

• For new students (in particular) performing laboratory 
procedures with one or more of these chemicals they are 
instructed in implicit hazards and GLP by me before 
commencing such procedures 

• In addition, for procedures utilising non communal but 
hazardous chemicals I make sure the students are aware of 
how to fill out relevant COSHH forms (by accessing and 
transposing MSDS information onto the departmental 
COSHH forms) and implied safe practice; In particular, 
storage & handling of such substances; disposal routes & 
PPE 

• Promotion of such safe COSHH compliant working practices 
as mentioned is reinforced through monthly lab 
housekeeping meetings which I contribute to in terms of 
housekeeping points and on occasions publicly conduct as 
well as devise minutes (for general circulation to lab staff) 
 

2) In addition to safe practice, promotion of quality standards is 
also concerned with conduct of GLP in terms of technical 
procedures. In that regard: 
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• I train new students in the nuances of particular 
techniques, e.g. extraction of RNA via use of columns and 
Trizol, paying attention to use and disposal of Trizol in the 
fume hood cytotoxic bin as well as subsequent proficient 
chloroform extraction and ethanol precipitation; inculcated 
by SOPs I devise for students 
 

3)  Another example of ‘promotion of quality standards’ is the 
attendant re organisation I have conducted in our micro biology/ 
cloning lab since the inception of my position: In particular, I now 
insist that  
 

• Virgin LB agar plates are segregated from inoculated plates 
in a ‘clean fridge’ ( where reagents for plasmid preps etc 
are also stored) 

• Virgin plates are kept sealed by para film to minimise 
contamination by fungal spores 

• Inoculated plates are segregated in a so called ‘Dirty 
fridge’: Such plates are sealed with Nesco film and dated 
 

A. To prevent cross contamination 
B. To make sure that plates are disposed of within a 6 week 

time frame, after which time colonies are desiccated and 
not viable (for plasmid purification) 
 

1) Finally, inculcated LB agar plates must be disposed in separate 
bins (for incineration) and not general biological (Orange bag 
waste) as any agar from a breached orange bag that escapes 
during autoclaving can block the filters and put the autoclaves out 
of action 
 
All such competent practices are promoted by making sure that 
every new user of the cloning/Micro biology lab is subject to 
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induction by me and also via laminated instructions on the friges 
and bins within microbiology 
 
4) The same considerations and practice regarding implementation 
of laboratory techniques and competent practice were devised and 
implemented by myself at the University of Edinburgh as an 
integral lab management responsibility 

   

B4: take responsibility for 
planning and developing 
courses of action as well as 
exercising autonomy and 
judgement within broad 
parameters 

This means that you can describe why 
and how you accept responsibility for 
planning and developing relevant 
courses of action within the required 
time frame. You should be able to give 
an example that demonstrates that you 
are able to do this with no supervision 
using your own judgement within the 
parameters of your broader role. This 
might include (but not be limited to) an 
example of: 

 devising contingency plans in the 
case of a safety breach (e.g. spillage 
of radioactive material). 

 assessing the risks of equipment and 
plant failure on experiments, 

Why 
 
1) In my current role, I have dual responsibilities for lab 
management and support, as already elaborated; Training 
students; devising SOPs; stock taking and ordering consumables 
as well as managing and auditing a small consumables budget; 
and intercalation and personal participation in a number of 
research projects. This involves strict time management and 
making sure that every bodies (diverse) needs are met on time 
2) In addition, as the primary support person in a modern genomics 
lab I am also responsible for a number of complex pieces of 
equipment, including a bank of PCR machines, multiple real time 
qPCR platforms (Viia 7 and Rotor genes) and a Nano drop. These 
require maintenance, annual servicing and ad hoc repairs. All such 
responsibilities fall to me  
3) My prior cited role at the university of Edinburgh engendered 
identical responsibilities and requisite courses of action  
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production, and procedures and how 
to deal with such situations. 

 developing and planning training of 
personnel to cover essential tasks in 
the event of staff absence 

 determining which 
equipment/machine/tool needs 
regular maintenance and servicing 
and planning the timetable and 
personnel involved. 

 understanding what must be 
undertaken in terms housekeeping in 
the laboratory/workshop/section, 
planning and developing appropriate 
methods and timetables to meet the 
requirements. 

What: 
 
In both roles under discussion: 
 
1) Maintain equipment by timetabling maintenance activities  
2) Liase with engineers in the event of equipment break down & 
sub optimal data output (implying faults, e.g. contaminated hot 
blocks and heat sensor fatigue on board the Viia 7) 
3) Liase with engineers to arrange annual servicing of equipment; 
in particular the Viia 7 real time qPCR machine & G Storm PCR 
machines 
4) Liase with outside companies regarding recycling provision: In 
particular, recycling of empty tip boxes via courier collection 
5) Weekly stock taking and ordering of lab consumables in the 
chemicals area and also molecular reagents in fridges and freezers 
6) Ad hoc thawing of a bank of -20oC freezers and occasionally -
80oC freezers, making sure contingency plans are in place to store 
in back up freezers during thawing and users’ are kept informed 
and when this will happen and for how long (before restitution of 
normal storage locales) 
7) Monthly enumeration of signed consumables and computing 
total costs for the purposes of recharging using Excel scripts; 
liasing with finance staff in that regard 
8) Annual auditing of the consumables budget which I personal 
spend on such consumables – and are responsible for – to ensure 
that expenditure is matched by income generated: This 
consumables budget which I manage amounts to about £50,000 
worth of income and expenditure per year 
9) Making sure that in my absence the aforementioned requisite 
tasks are performed by another core technician  
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How: 
 
1) With regard to equipment maintenance: 
 

• Acid cleaning of the pH electrode on a monthly basis; 
• Acid cleaning of the pedestals on the Nanodrop;  
• Weekly wiping of data on board the instrument Console 

linked to the viia 7 real time qPCR machine (to prevent 
memory saturation and cessation of running) 

• Yearly calibration of the viia 7 ensuring optimal S;N from 
output data is sustained  
 

2) Regarding equipment failure, repair and annual servicing logging 
a call with the appropriate company, e.g. Thermo Fisher ABI (for 
the real time Viia 7 qPCR machine) and making sure that 
contracts/monies are available for such activities via my line 
manager and chief technician, Dr Tim Barnes (Ref #1) 
3) With regard to stock taking, ordering and auditing of 
consumables, of my own volition I devised more efficient Excel 
scripts for calculating monies to recharge and relay that 
information to personnel in accounts. In addition, to improve 
accountability, I have elected to put up laminated tallies on fridges 
and freezers which declare levels of consumables, e.g. Taq, syrbr 
green qPCR mix etc. so I can order efficiently and also users are 
aware of extant levels and can make me aware if they require 
more or if they take the last units (necessitating re ordering) 
4) With regard to provision of recycling (of empty tip boxes etc.), as 
implied, by phoning the companies to arrange for couriers to 
collect bags on an ad hoc basis 
 
5)  Regarding these activities in  my prior position at the 
University of Edinburgh the same considerations and practices 
applied   
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C: Interpersonal skills: Demonstrate effective communication and interpersonal skills  

Competencies Guidance Evidence Chosen 

C1: demonstrate effective 
and appropriate 
communication skills 

This means that you can give examples 
of how you demonstrate effective and 
appropriate communication using oral, 
written and electronic means. This may 
include (but is not limited to) examples 
of: 

 discussing and agreeing objectives 
with your supervisor 

 discussing and agreeing objectives in 
team meetings 

 giving presentations of your work or 
other aspects of lab work (e.g. 
safety updates, method updates) to 
your supervisor and team. 

 preparing written reports on your 
work 

 train, demonstrate or teach others in 
procedures or protocols 

Why: 

My current position intercalates lab housekeeping duties with 
personal laboratory project work and also training of students in 
particular techniques. This is necessary to ensure competent work 
is performed by myself and other users in the lab; provision of basic 
materials for such work to be performed on time and on budget; 
and safe COSHH compliant (GLP) working practices are adhered to. 
The same pertained to my previous position at the University of 
Edinburgh 

What: 

• Liasing with PIs regarding project objectives and timetabling 
of experiments 

• Liasing with students regarding training in competent, safe 
practice in particular technical methods 

• Liasing with lab personnel in general regarding conduct in 
the lab and GLP 
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 play a part inn staff development 
(e.g. carry our appraisals or staff 
reviews) 

 carry out induction training 

How: 

• Power Point progress reports to PI’s at weekly meetings to 
review data and new experimental objectives 

• Perusal of technical literature and participation in technical 
forums e.g. Research gate, to solicit best current practice 
and troubleshooting methodology, relating to such projects 

• Devising or updating SOPs for students regarding particular 
techniques, e.g. best practice for extracting RNA from 
tissues is one I have repeated to multiple students in both 
my present position and prior position under discussion (and 
also in many other positions over the last 25 years) 

• With such SOPs demonstrating to novices best practice for 
carrying out such techniques, e.g. manual extraction of RNA 
using Trizol and chloroform – paying particular regard to the 
safety aspects of this protocol such as working in the fume 
hood; wearing nitrile gloves, disposing of materials in fume 
hood based cytotoxic bins 

• In the case of real time qPCR devising SOPs and then 
training novice users in their application by demonstrating 
the set up and running of the Viia 7 qPCR machine  

•  
• In my prior position delivering Power Point presentations 

at public lab meetings to solicit comments from other group 
members and also departmental seminars to solicit 
comment from a wider audience 

C2: demonstrate 
interpersonal and 
behavioural skills 

This means that you can give an 
example that demonstrates the skills 
that enhance your ability to interact with 
colleagues in the work setting.  In these 
situations it may be appropriate to 

Why: 

In both my current and prior role under scrutiny I deal with various 
constituent groups, e.g. Specialist technical lab staff; Admin 
personnel in finance; outside technical and sales representatives 
and interested members of the public in an ‘Outreach capacity’ 
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discuss these with your supervisor, as 
an external perspective is often very 
useful in this regard.  Your example 
should also describe how you ensure 
your method of communication is 
appropriate for (but is not limited to): 

a) interacting with students or trainees 
face to face 

b) interacting with other professionals 
such as researchers, technicians, 
administrators, and other members 
of staff 

c) interacting with external colleagues 
(such as manufacturers, suppliers, 
couriers, designers etc.) 

What: 

• Provide detailed technical training to scientific personnel 
through practical demonstration and technical SOPs 

• Perform face to face non technical discussions with sales 
representatives where the object of the exercise is to 
consider new products in terms of cost, expedient delivery 
and reliability 

• Liase with finance staff regarding spending and auditing of 
the consumables budget I manage 

• Provide in house admin staff with ad hoc lab tours where 
the primary object is to impart what goes on in a modern 
cardiovascular research environment, by initially providing 
background concepts like mutations in DNA and their 
relevance to disease (‘Pitched at the level of a Radio 4 
documentary’ for example and therefore conducive to the 
needs of a non-specialist, lay but educated audience) 

• In a similar vain provide analogous ‘Outreach’ tours to lay 
members linked to the BHF, viz. fund raisers and Admin 
staff to try explain where their money goes !!     

How: 

As already detailed: 

• Provide technical literature and training to scientific lab 
based personnel 

• Meet on a one to one basis with medical representatives to 
discuss the financial calculus and thus cost effectiveness of 
consumable products 

• Liase with in house financial team members to discuss 
managements of the consumables budget: Generally, this 
takes the form of monthly accounting reports supplied as 
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Excel spreadsheets and one on one personal meetings to 
iron out any queries 

• Conducting personal lab tours with explanation and 
laminated cartons of genetic concepts, e.g. identifying 
mutations in genomes and linking that to disease in order to 
foster symbiosis within the department and provide 
explanation to lay members of our funding bodies such as 
the British Heart Foundation (BHF) 

 

C3: demonstrate 
productive working 
relationships and an ability 
to resolve problems 

This means you should be able to 
describe how, when working with 
others, you are able to demonstrate that 
you developed positive working 
relationships and resolved conflict.  Your 
example should demonstrate how those 
working relationships were effective in 
resolving problems.  For example you 
may: 

a) be a member of a committee/group 
that is tasked with a particular safety 
aspect of the job and be able to 
demonstrate that together you made 
a difference that was useful and 
effective in the work place. 

b) liaise with other groups within your 
organisation to effectively deal with 
problems (e.g. lack of or demand for 
training in a particular area) 

Why: 

In both my previous role at the University of Edinburgh and my 
current role in BHF cardiovascular Sciences at the University of 
Leicester  I deal with different constituent groups, e.g. scientific  
specialists (lab personnel), admin staff outside protagonists, each 
with their respective and different agendas. Productive & 
relationships are necessary to perform all aspects of my job 
description to the best of my ability. This is imperative in my 
support role to ensure smooth running of the labs on behalf of 
other lab users and perspicuous costings in relation to finance staff. 
Part of that remit is addressing different and competing problems to 
keep everything afloat    

What: 

• Communicate regularly with lab staff via e mails and 
approaching individual users to ensure compliance with GLP 
and try and understand if there are issues relating to lack of 
compliance 

• Make sure I participate actively in monthly housekeeping 
issues to address concerns of other lab users and my own 
concerns regarding transgressions in terms of GLP 
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c) be a part of working groups tasked 
with addressing specific problems or 
the need for change. 

• Make sure I communicate with finance staff on a monthly 
basis to ensure timely delivery of financial reports for the 
purposes of recharging 

• Make sure I provide PIs with spending figures for students 
and post docs in their group to make them aware of 
expenditure occurring 

• Actively participate in monthly lab housekeeping meetings to 
identify areas of concern, e.g. personnel working with 
dangerous chemicals at the open bench; supply problems 
with particular items and minute such discussions for future 
actions 

• Communicate for example with our tip supplier (VWR) 
regarding provision of recycling and any attendant 
problems, e.g. couriers failing to turn up to pick up point to 
collect the recycling bags   

• Communicate with outside technical personal, e.g. analytical 
equipment engineers to ensure optimal performance and 
repair of analytical platforms 

How: 

• Communicate with individual lab users regarding 
transgressions and GLP, e.g. inappropriate disposal of 
chemicals; use of hazardous volatile chemicals on the open 
bench (rather than the fume hood), e.g. organics 

• Actively provide housekeeping points at lab meetings, e.g. 
changes in practice such as re organisation of communal 
stocks in fridges and freezers; aseptic practice in Micro 
biology; supply problems with particular chemicals; 
encouraging end users to communicate depleted stocks via 
a ‘Lab matters’ board, put up be me, to ensure requisite 
stocks of essential consumables are maintained 
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• In the event for example of particular individuals failing to 
adhere to GLP, rendering their practices potentially unsafe, 
schedule a meeting to work through the COSHH form and 
justify why such measures are needed: For example 
organics must be used in the fume hood because they are 
volatile and inhalation of vapour phase might cause harm to 
them. Thus, the ventilation provided by the fume hood 
protects them. Similarly, If practice is changed in a lab – 
insisting that spent agar plates in Micro biology are disposed 
of in an incinerated bin – Justify that change, i.e. disposal of 
LB agar plates in general orange bag refuse might lead to 
break down of the autoclave in the event of seepage and 
that could personally impact their work. There again I justify 
my insistence that all agar plates are sealed to prevent 
contamination which could affect their work; If in doubt 
appeal to self interest !! 

• Regarding one particular responsibility, namely arranging for 
recycling tip boxes, when I take up this position, I quickly 
identified problems associated with expedient collection; and 
quite often no collection at all. The problem turned out to be 
the courier failing to follow instructions regarding correct 
pick up point (cf. hospital ‘estates and services’ as opposed 
to the lobby in the BHF cardiovascular centre). Through a 
succession of phone calls and e mails to the manufacturer of 
our tips who outsourced collection to a courier this problem 
was eventually resolved to the satisfaction of all parties   

• Regarding one piece of equipment I both personally use in 
my project work but also manage on behalf of other end 
users’, viz. the Viia 7 Real time qPCR machine over the last 
18 months in particular we have experienced a series of 
performance problems and outright cessation of running. 
This has required communication with laboratory staff to 
clarify the specifics of problems, e.g. Arrested runs owing to 
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temperature sensor detector issues & faulty communication 
between the instrument console and PC linked running 
software inter alia and then communicating these issues to 
the engineer. Furthermore, subsequent to resolution of 
these problems, suggestions have been made by the 
engineer regarding better operational practices, which have 
then been incorporated into user SOPs by myself and 
inculcated to new and existing users’ via ‘group’ e mails and 
pertinent conversations, making reference to the updated 
SOPs  

 

 

D: Professional practice: Apply appropriate theoretical and practical methods  

Competencies Guidance Evidence Chosen 

D1: identify, review and 
select scientific 
techniques, procedures 
and methods to 
undertake tasks 

This means that you can give an 
example of work that you have 
undertaken where and why the 
method/procedure used was chosen 
as the best (or most relevant) to 
use.  This might include (but is not 
limited to): 
 
a) review of method – why is this 

one the best compared to others 
that are available 

b) cost effectiveness 
c) time taken 

Why: 
 
1) In my current role I not only manage a large multi 
user molecular genomics lab but also participate in 
laboratory research: This can be personal participation in 
bench work or vicarious participation by instruction of 
novice users’ or bench supervision of particular 
techniques/ data generation & analysis carried out by 
Ph.D students’:  
 

• In one example of technical bench supervision it 
was necessary to stablish a standard operating 
procedure for measuring gene expression 
underpinning cardiotoxicity; That is metabolic 
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d) IT considerations changes which help protect cardiac myocytes 
from injury due to foreign substances 
 

2) In another example from my prior cited position (ref 
#2) it was necessary to seek advice & trial pilot methods 
in order to find an optimal method for abundant 
expedient and cost effective production of a soluble 
target protein (rREL1) utilised in a drug screening 
program for HAT   
What: 
 
1) Devise a procedural pipeline for extraction of RNA 
from cardiac myocytes & consistently and robustly 
measure expression of pertinent genes of interest (GOI):  
 

• Using real qPCR to quantify such genes, do we 
elect to use customised & therefore expedient 
TaqMan assays or more technically involved but 
cheaper and flexible Sybr Green qPCR assays ?   

• Having selected a real time qPCR protocol, how 
do we go about selecting stably expressed 
abundant housekeeping genes for normalisation 
of expression 

• Regarding IT considerations, what is the best 
method for quantifying expression between 
different sample groups (normalised to selected 
housekeeper genes)  

 
 
2) Trial methods and devise a standard operating 
procedure for production of abundant, soluble and active 
target protein constituting a ‘smart’ target for 
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subsequent development and implementation of a drug 
discovery assay and drug discovery program  
 

How: 
 
1) Regarding measuring expression of GOIs conferring 
protection to cardio toxic agents (and with reference to 
the 3 seminal question posed in ‘what’) it became 
obvious that  
 

• Sybr green assays although requiring design of 
primers to GOIs and working up the assay would 
afford flexibility in terms of where in the cDNA 
sequence we were able to map the primer 
sequence: This seemed important in order 
elucidate if a particular protein isform derived 
from a particular alternative transcript was 
responsible for conferring cardio protection to 
drugs. Moreover, Taqman probes, although off 
the shelf and therefore convenient are expensive 
compared to simple sybr dye labelling of cDNA 
and with inclusion of panels of housekeeping 
genes to select the best requisite 2 or 3 for 
expression analysis, it became evident that 
significant cost savings could be incurred by 
choosing to label with sybr green   

• Based on current best practice and MIQE 
compliance  it was also evident that we needed 
to screen a panel of housekeeping genes using 
programs like gene Norm to find the 3 optimal 

http://miqe.gene-quantification.info/
http://miqe.gene-quantification.info/
https://genorm.cmgg.be/
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housekeepers in the context of our expression 
system  

• Finally, from literature perusal, including 
discussion threads on Research Gate  and also 
soliciting answers on Research gate to questions 
posed I realised that we needed to perform 
normalisation of gene expression using the 
geometric mean of 2-3 housekeepers and 
enumerate actual gene expression between 
different cardiac cells lines using the so called 
Delta Delta Ct method (or Livak method). This 
was carried out in Excel and students trained by 
me in the methodology 

 
2) In my prior position in Edinburgh, it was necessary to 
devise and implement a standard protocol for production 
of soluble active recombinant target protein in sufficient 
quantities to allow implementation of a drug discovery 
program using a drug screen assay incorporating this 
protein as a smart target: As detailed in my prior answer 
using this technical imperative as an example of 
autonomous work, the solution was basically to precede 
the expression (In E Coli BL21 DE3) with a heat shock – 
this initiated SOS genes that lick started in vivo 
translation of the recombinant protein in the E Coli host 
– followed by protracted expression at sub ambient 
temperatures (18-20oC) for a protracted period ( ~ 20 
hours rather than 1-6 hours); This resulted in protein 
expression with minimised mis folding and thus a 
significant soluble fraction that was biologically active: 
Details can be found in a technical report on my web site 
summarising this optimisation    

https://en.wikipedia.org/wiki/Geometric_mean
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.1365&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.1365&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.320.1365&rep=rep1&type=pdf
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_protein-expression.html
http://portfoliolaurencedawkinshall.weebly.com/examples-of-work_protein-expression.html
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D2: contribute to the 
organisation of tasks and 
resources 

This means that you can give 
examples of how you have 
contributed to the running of the 
laboratory/workshop/section and 
related areas. For instance this 
might mean (but is not limited to): 

 organisation of safety checks 
and  inspections 

 ordering equipment, software, 
and materials 

 organisation of a rota for 
cleaning, maintenance, or 
machine time 

 organisation of human and 
physical resources when an issue 
arises 

 organisation of statutory 
inspections, external/internal 
servicing, and maintenance of 
equipment or infrastructure. 

Why: 
 
1) I currently work  (2015-) in a multi user multi PI lab 
amounting to about 25 individuals; I am responsible for 
managing consumable resources, the ordering and 
organisation of such resources and maintenance and 
operations of key pieces of equipment as well as 
managing a consumables budget supplying these 
consumables: At the outset, it became evident to me 
that the laboratory required structural re organisation to 
render operations less complicated and benefit the end 
users’ 
 
2) In my prior discussed position at the University of 
Edinburgh (2008-2012), I arrived at the labs inception 
and thus was responsible for helping to set up the 
laboratory  
What: 
 
1) Completely re organise communal space in multiple 
lab -20oC & -80oC freezers and numerous fridges. 
Regarding the former in particular, separating archived 
materials from current working materials and devoting a 
single freezer to consumable stock that can therefore be 
located and quantified (for stock taking and ordering 
purposes) more efficiently 
2) Re organise charging of signed consumables on a 
monthly basis rather than a quarterly basis so relevant 
PIs could more effectively manage costings 
3) Re organise materials and practice of the  
microbiology/cloning laboratory to render stock taking 
more efficient and aseptic technique better 
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4) In my prior cited position in Edinburgh, similar 
considerations pertained  
  

How: 
 
1) Regarding my current position: 
 

• Arranging through the Chief Technician, Dr Tim 
Barnes, to ‘down tools’ for 1 day in order to carry 
out a collective clearing of obsolete stock in 
fridges and freezers: This liberated space – in part 
the object of the exercise – enabling streaming of 
freezers into those for immediate work, linked to 
current users’; those with archived materials 
linked to former lab users’ (since departed) and a 
freezer dedicated to stratified consumable stock; 
therefore easy to find and stock take, enabling 
timely and seamless ordering (of such 
consumables). With reference to accountability of 
this this new order, laminated personal signs with 
users names’ were appended to respective 
freezers and in the case of the consumables 
Freezer, a laminated shelving plan was displayed 
on the outside, including a column with written 
levels of current stock and a separate notice 
asking users’ to inform me when particular items 
were depleted to a certain number to enable 
order and delivery before all such stock runs out. 



                                              REGISTERED SCIENTIST – COMPETENCIES REPORT  
 

               Document Ref:             / Issue No:  2 / Issue Date: 2014       Page 36 

All such activities were initiated by myself, with 
simple consultation and necessary permissions 
sought from my line manager rather than 
solutions to such infra structure issues asked for 

• In a similar way, Excel spreadsheets denoting 
signed out stock were put up and changed on a 
monthly basis: By then calculating expenditure of 
particular items by particular individuals  - using 
an excel spreadsheet with costing scripts devised 
by myself – Pis could then more easily monitor 
consumables expenditure and manage recharges 
from their grants 
 

2) With regard to my prior position at the University of 
Edinburgh, similar considerations applied. However, 
because I helped set up the lab from its inception, apart 
from efficient maintenance & utilisation of resources I 
was also involved in independently tendering quotes on 
key pieces of equipment from major medical science 
retailers e.g. VWR and Thermo Fisher. Added to that I 
was also responsible at the outset from risk safety 
management, including COSHH forms &  safe streaming 
of waste (complaint with local university edicts)    

D3: participate in the 
design, development and 
implementation of 
solutions 

This means that you can give an 
example of ‘problem solving’ that 
describes your specific role in 
helping to overcome a specific 
problem.  For instance it might 
mean that a process, programme, 
design, assay, or method suddenly 
stops working and you are involved 
in finding out the reason why. Your 

Why: 
 
1) In my current role and regarding a particular IHC 
based research project, a cohort of experimental 
samples of paraffin fixed formalin embedded (FFPE) 
tissue (Microtome) sections failed to display staining with 
an antibody to an epitope of CD 31; a biomarker of 
angiogenesis 
2) In my current role also, but relating to my lab 
management responsibilities, certain communal pieces of 
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example should show what your role 
was in understanding the problem 
and what your contribution 
achieved. 

equipment e.g. rotor gene real time qPCR machines are 
serviced with ‘soft monies’ taken from grant overheads 
linked to all lab PIs’. Should PIs using the equipment be 
responsible for service contracts and not departmental 
funds derived from all PIs’ ?      
  
What: 
 
1) Find a way to restore CD31 staining in refractory FFPE 
tissue cohorts in order to quantify blood vessel formation 
in experimental and control samples (delivery of drugs 
by stent versus treatment with a stent in the absence of  
angiogenic substances) 
 
2) Monitor usage of equipment like rotor genes and 
ascertain if usage is linked predominantly to particular 
end users’ associated with particular PIs’ 
How: 
 
1)  I surmised that The pertinent issue with the 
experimental cohort failing to stain with anti CD 31 
antibody by IHC was ineffective ‘antigen retrieval’: In 
particular fixation had denatured the CD 31 epitope and 
standards methods of antigen retrieval had failed to 
sufficiently renature the antigen, allowing detection by 
monoclonal antibodies. Having tried various heat and 
enzymatic methods for antigen retrieval (viz. Hot citrate 
buffer; Trypsin digestion & Proteinase K digestion at 
37oC) sufficient specific antigen retrieval and hence 
staining was conferred by digestion at 55oC with 
Proteinase K. My rational for trying this elevated 
temperature was based on the fact that prior experience 
had taught me that digestion of protein in samples of 
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genomic DNA is more efficient at 55oC; Would this 
salient precept carry over to IHC? The answer was a 
resounding ‘yes’ as staining at 55oC was procured 
sufficiently that new blood vessel formation could now 
be scored in the experimental cohort !     

   

D4: contribute to 
continuous performance 
improvement 

This means that you can give an 
example which shows how you are 
aware of progress in your area and 
seek ways of improving the 
efficiency of your work. It should 
describe how you seek to discuss 
with your supervisor the strategy for 
achieving this. For instance this 
could include new and improved 
methods, new ways to increase 
throughput, or ways to increase 
cost-effectiveness. Examples might 
be your role in (but is not limited 
to): 

• taking part in staff reviews 
• working within time frames 

and using SMART objectives 
• contributing to operational 

plans 
• looking for cheaper resources 

Why: 
 
1) In my current role, key pieces of equipment, e.g. the 
Rotor gene real time qPCR machines are communal. 
However, monies to service these machines are availed 
from general departmental funds. Should monies come 
from particular PIs to cover service costs if they 
dominate usage rather than general ‘soft’ funding which 
is taken from the grants (via over heads) from all PIs’ ? 
2) Part of my remit in my current role is to trial new 
molecular reagents to improve performance and/or 
reduce costs and also introduce the same consumables 
from alternative suppliers, but at a cheaper price 
3) The multi user lab I manage as a modern molecular 
genomics lab has a series of complex analytical 
platforms e.g. PCR machines, real time PCR machines 
and gel documentation systems inter alia. Establishing 
and improving protocols for maintenance and use leads 
to continuous performance improvements in terms of 
data quality and reliability 
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• working within a budget 
• playing a role in procurement 

management 

What: 
 
1) Implement a system to monitor rotor gene usage in 
order to apportion the monies needed for a service 
contract based on actual usage, rather than a general PI 
split 
2) Liase with outside technical and product specialists to 
up ate communal consumables to bring down cost and 
improve performance 
3) Devise and inculcate SOPs and maintenance 
procedures for analytical instruments in order to ensure 
consistent high quality data for end users’ in the lab and 
hastle free performance of the instruments themselves 
How: 
 
1) When I arrived in this job, a booking system already 
existed with regard to rotor gene usage. Obviously that 
information can be used to quantify usage and relate 
usage back to particular PI’s. Accordingly, I have started 
to compile records of the booking information in a log 
book and then on a monthly basis I transpose that 
information into histogram format in Excel, quantifying 
usage per platform but crucially I also make pie charts 
showing apportioned usage by particular individuals per 
month. On a 6 month basis this information is used to 
compile meta charts that will form the basis in the future 
for eliciting discussions by PI’s regarding contributions 
made by particular PIs towards the service contract for 
instrument maintenance and repair 
2) Regarding updated consumables I regularly meet with 
sales specialists to try and reduce costs by sourcing the 
same product from alternative suppliers. In addition, our 
current smarter purchasing system allows me to shop 
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around when it comes to approved suppliers linked in to 
Science warehouse: This allows me to swap and change 
continuously when it comes to purchase of common 
communal consumables like gloves, tips and tubes and 
pass those savings onto the PI’s. A concomitant of this 
activity is that I compute expenditure using formulas in 
excel and obviously prices require continuous adjustment 
in relevant fields to reflect these changes.  
 
Another example of this is product evaluation: In 
particular, I am responsible for PCR genotyping of mice 
for marker assisted breeding and recently trialled an 
alternative PCR ready mix from Appleton Woods. Not 
only was this PCR mix cheaper than our then current 
supplier but also demonstrated improved signal to noise, 
enabling unambiguous identification of animal genotypes 
in samples that were hitherto ambiguous, requiring re 
extraction of genomic DNA and repeat of those subset of 
PCRs. Indeed the improved signal to noise was such that 
the company asked me to write an article for their web 
site in order to show case the merits of their PCR ready 
reaction mix   
 

3) Since taking up this post 2 ½ years ago I have 
ensured that key analytical platforms are subject to 
maintenance procedures which are recorded on a 
laminated schedule for end users’ to take note of. For 
example, both the Nanodrop and pH meter are subject 
to monthly acid washes to prevent build up of residue 
which might interfere with data output. Similarly, the Viia 
7  PCR machine requires 6 monthly spectral calibration 
to maximise signal to noise and sensitivity from 
generated data and this is declared on a laminated 

http://www.appletonwoods.co.uk/acatalog/AppTaq-RedMix.html
http://www.appletonwoods.co.uk/acatalog/AppTaq-RedMix.html
http://www.appletonwoods.co.uk/acatalog/AppTaq-RedMix.html
http://www.appletonwoods.co.uk/acatalog/AppTaq-RedMix.html
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scheduled sheet. In addition, I have introduced a log 
system for when the Viia 7 breaks down and generates 
error messages which I ask users to write down. I also 
take a snap shot of those error messages and archive 
them in a desk top folder. This information is useful for 
engineers in terms of diagnosing and thus expeditiously 
resolving technical problems. Finally, the Viia 7 platform 
in particular generates large data files and unless these 
are archived instrument performance is compromised 
(on account of memory saturation). Thus I insist that all 
users take away data files on a personal USB stick and 
weekly data files on board the instrument console are 
wiped and a self test to identify mechanical running 
issues is now run at the beginning of every week by me. 
Finally, data files are also generated on the PC linked to 
the instrument console. These are periodically archived 
on a large shared departmental drive which hitherto had 
not happened; All such measures have been initiated 
and are promoted by me 

 

 

 

 

E: Professional standards: Demonstrate a personal commitment to professional standards 

Competencies Guidance Evidence Chosen 
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E1: comply with relevant 
codes of conduct and 
practice 

This means that you can give examples 
of how you: 
a) comply with the code of professional 

conduct of the Institute of Science & 
Technology  

b) manage work within all relevant 
legislation, regulatory frameworks 
such as Healthy and Safety 
Legislation, Home Office 
Regulations, Good Laboratory 
Practice (GLP), local Codes of 
Practice, data protection etc. 

Why: 
 
1) Safe codes of conduct in a modern life sciences research lab are 
mandated by HSE health and safety legislation 
2) When I arrived in this position good GLP and effective aseptic 
practice was not being adhered to in our Microbiology/Cloning 
laboratory 
What: 
 
1) Ensure that lab practice by end users complies with GLP, COSHH 
and health and Safety legislation 
2) Devise methods structural and procedure to render practice in 
microbiology more in line with GLP  
How: 
 

• As already discussed I am responsible for devising COSHH 
forms for any new hazardous chemical: These forms are 
made available on a shared drive, together with source 
MSDS forms on a shared drive. In addition, hard copies are 
availed in ring binders: These are for end users to examine 
and then sign to say they have understood, viz. PPE, 
disposal etc. 

•  In addition, I make myself available to train new users in 
how they should personally go about filling out COSHH 
forms, viz. transposing information from MSDS forms to 
Leicester formatted COSHH forms; and also avail myself in 
terms of answering any queries they might have about how 
such information relates to actual lab practice. Furthermore, 
for new users and/or techniques, this might also involve 
practical technical instruction provided by me  

• Regarding the cloning microbiology lab since taking up this 
post I have streamed the un inoculated LB agar plates from 
inoculated to prevent contamination of virgin plates. In 
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addition, all such plates are sealed with parafilm or Saran 
wrap to prevent cross contamination with spores. Finally, by 
dating plates users’ at my behest are expected to keep 
plates for no more than 2 months: After this time viability is 
low or abrogated and such obsolete plates are a source of 
infection for extant plates. To inculcate this good practice I 
have taken to placing laminated instructions on each fridge 
and also expect all new users to undergo an induction in 
GLP provided by me before commencing work in the room  

E2: maintain and enhance 
competence in own area of 
practice through 
professional development 
activity 

This means that you undertake activities 
to enhance your competence in your 
own area of practice (PPD – Professional 
and Personal Development).  Your PPD 
report may be used as evidence for this 
section, and details of what you need to 
achieve in terms of PPD are outlined in 
the PPD section of the website. 

For your first application for Professional 
Registration you need to submit a plan 
of what you expect to undertake in the 
next 12 months.   

Note that PPD has to be submitted on 
an annual basis to maintain your entry 
on the Professional Register. 

Why: 
 
1) It is necessary to update technical skills, acquire new technical 
skills and also participate in CPD activities to verify that such 
objectives have been achieved: In my case this is imperative 
because I am expected to participate in multiple ad hoc research 
projects, necessitating personal training, and also ensure that lab 
practice by other users is GLP and HSE compliant: All of this is the 
subject of my annual appraisal 
2) Apart from my lab management role, CPD is necessary to 
improve promotion prospects within a  (BHF) well funded and 
diverse department, where new opportunities might be around the 
corner  
What: 
 
1) Demonstrate that I continually interact with persons in the 
department to update my technical skills in order to participate in 
personal lab based projects as and when needed  
2) Be aware of COSHH and HSE matters in order to prosecute lab 
management duties effectively and also train novice users in safe 
and COSHH complaint practice 
3) Both of these activities require demonstration via an annual 
appraisal document and extended ‘performance’ meeting with my 
line manager 
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How: 
 
1) Attend Health and safety courses e.g. regarding COSHH  
2) Interact with PIs in order to solicit new technical training in order 
to personally participate in new laboratory projects 
3) Discuss and prove the above in the context of an annual 
appraisal which includes  sections on future objectives as well as 
extant performance set against previous objectives set in the 
previous annual appraisal: These have included matters under 
discussion such as lab re organisation to render practice GLP 
compliant and render stock taking and ordering more accountable 
and efficient 
4) Finally, to validate my conduct, I have in the last 6 months I 
have solicited and achieved elected membership of  various 
professional societies, e.g. The Royal Society of Biology (MRSB); 
The Institute of Science and Technology  (MIScT) and a licentiate 
member of the Institute of Biomedical Sciences (LIBMS). With 
particular reference to the IST since elected full membership I have 
also become a ‘Registered Practitioner’ : This is based on satisfying 
the CPD objectives of the IST; which are re iterated for the 
purposes of this application for ‘Registered Scientist’  
5) Finally, I have series of professional online profiles, e.g. Orcid, 
Research ID and Academia.edu which document my experiences 
skills and publications and are useful resources for completing 
member ship applications. Furthermore, my public visibility and 
personal participation in Research gate have led to numerous 
invitations to join editorial boards of various journals. Consequently 
and currently I am a review editor for ‘Frontiers in Microbiology’. 
Such activities assist my technical work but also contribute to CPD 
in terms of report writing/reviewing skills  

 

http://orcid.org/0000-0002-6138-6715
http://orcid.org/0000-0002-6138-6715
http://www.researcherid.com/ProfileView.action?returnCode=ROUTER.Success&Init=Yes&SrcApp=CR&queryString=KG0UuZjN5WldxeSVz4oFDmjDLLHdy%252BbRnebVM16Q2VU%253D&SID=W1AKQk92lXQyh9wM79Z
https://leicester.academia.edu/LaurenceDawkinsHallBScHonsLIBMSMRSBMIScTReg
http://loop.frontiersin.org/people/159049/overview
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