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11 Appendix	  3	  Biological	  Assays	  
11.1 Enzyme	  Assays	  

11.1.1 	  HTS	  Assays	  
The assays described in Chapter 2 were analogous to those used in the earlier Pfizer 
Candida and Aspergillus NMT programmes. The assay conditions were shared with 
collaborators at Imperial College and were subsequently adapted for use against 
PfNMT [157], PvNMT [160] and TbNMT [69]. Gareth Williams carried out minor 
modifications, which enabled extension of the assay conditions to LdNMT, HsNMT1 
and HsNMT2, and for use in a 384-well format in the Pfizer HTS Center of Emphasis 
[219]. Full assay conditions were provided in the latter reference. 

11.1.2 	  Routine	  screening	  
All IC50 determinations described in Chapters 3-5 were carried out using a 7-
diethylamine-3-(4’maleimidylphenyl)-4-methylcoumarin (CPM) fluorescence assay. 
References for the detailed methodology and minor modifications are provided in the 
Table below for the NMT orthologues in routine use for screening. Details for the 
unpublished modified assays against TbNMT and CaNMT are included. 

Enzyme Reference Peptide Substrate 

LdNMT [265] Homo sapiens p60src (2-16) GSNKSKPKDASQRRR-NH2 

LmNMT [265] Homo sapiens p60src (2-16) GSNKSKPKDASQRRR-NH2 

PvNMT [162] Homo sapiens p60src (2-16) GSNKSKPKDASQRRR-NH2 

PfNMT [161] Homo sapiens p60src (2-16) GSNKSKPKDASQRRR-NH2 

PbNMT [66] Homo sapiens p60src (2-16) GSNKSKPKDASQRRR-NH2 

HsNMT1 [162] Homo sapiens p60src (2-9) GSNKSKPK-NH2 

HsNMT2 [162] Homo sapiens p60src (2-9) GSNKSKPK-NH2 

TbNMT  Plasmodium falciparum ARF (2-16) GLYVSRLFNRLFQKK-NH2 

CaNMT  Candida albicans ARF (2-16) GLTISKLFASLLGRR-NH2 

 

IC50 values (Tables A3.1 and A3.2) were routinely determined in duplicate from the 
same compound stock (50mM in DMSO) and are reported as the mean and standard 
deviation value of two determinations (n=2). Additional assays were run for selected 
compounds and the results are reported as arithmetic means (Chapter 3) or geometric 
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means (Chapter 4 and 5). Data were elaborated using Microsoft Office Excel 2010 
and IC50 values were determined using GraFit 7.0 (Erithacus Software Ltd, UK) by 
non-linear regression fitting. 

11.2 Cell	  Assays	  

11.2.1 	  Leishmania	  donovani	  assays	  
Compounds were assessed using a novel assay format devised by Daniel Paape at the 
University of York [256]. The methodology was applied to literature standards and 
the HTS hits (and analogue L15) described in this thesis.  Full experimental details 
are included in the paper and in a subsequent medicinal chemistry paper [265].  

11.2.2 	  Plasmodium	  falciparum	  SYBR	  Green	  Assay	  
All routine EC50 data was generated by Kaveri Rangachari and Munira Grainger at 
the National Institute for Medical Research at Mill Hill. Synchronous Plasmodium 
falciparum 3D7 late stage trophozoites at 33 – 36 hr were used for the assays. Full 
experimental conditions have been reported previously [66].  

11.2.3 	  Plasmodium	  falciparum	  Lab	  Resistant	  Panel	  
Screening against lab derived resistant strains was carried out by Christian Scheurer 
and Sergio Wittlin at the Swiss Tropical and Public Health Institute using a tritiated 
hypoxanthine assay. Full experimental details have been published previously [278].  

11.2.4 	  Plasmodium	  falciparum	  Parasite	  Reduction	  Ratio	  Assay	  
This assay was performed at the GlaxoSmithKline Diseases of the Developing World 
(DDW) R&D facility of Tres Cantos (Madrid, Spain), in the group of Dr. Francisco 
Javier Gamo-Benito. It measures the effect of compounds on the viability of 
intraerytrocytic asexual Plasmodium falciparum parasites. The observed rate of 
killing allows the determination of the in vitro parasite reduction ratio (PRR) and the 
parasite clearance time (PCT) for the investigated compound. The assay was run in 
time course mode (measure done every 24 hours for up to 120 hours), for P20 and at 
single-time point (generally at 48 hours) for P35. Full experimental details for the 
assay protocol have been published previously [313].  

11.2.5 	  Plasmodium	  berghei	  SYBR	  Green	  Assay	  
This assay is based on the murine P. berghei species transformed with luciferase. 
Hepatic human transformed cells (HepG2), pre-treated for 18 hours with the 
compound to investigate, were infected with freshly dissected P. berghei luciferase 
sporozoites. After another 48 hours of incubation with the compound to investigate, 
the viability of P. berghei exoerythrocytic forms (EEF) was measured by 
bioluminescence. The assay was run by Stephan Meister at the University of 
California in San Diego, using previously published conditions [278]. 



322	  
	  

11.2.6 	  Mammalian	  Cell	  Toxicity	  Assays	  
Measurement of the ability of compounds to kill human cells (HepG2, HeLa or 
BL-41) was performed using a 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) cell 
viability assay, modified from the Promega Corporation Technical Bulletin No. 
TB169. The assays were carried out under the conditions previously reported for 
HepG2 cells [161] by Zhihong Yu, Emmanuelle Thinon or Siak (Gee) Lim. 

11.3 Bioorthogonal	  Ligation	  Assays	  

11.3.1 	  Plasmodium	  falciparum	  
Assays were setup using parasites 40hr post invasion and diluted to ~10% parasitemia 
in a 4% haematocrit culture. To each culture (5mL in 6 well plates) the YnMyr was 
added to a final concentration of 25µM, along with inhibitors.  Cell cultures were 
performed by Kaveri Rangachari; click chemistry was carried out by Megan Wright 
and Emmanuelle Thinon, using conditions reported previously [66].	  	  	  

11.3.2 	  Leishmania	  donovani	  
Assays made use of ex vivo amastigotes, which were incubated with compounds for 
1hr. Cell experiments were carried out by Daniel Paape at the Univerisity of York; 
cell pellets were provided to Megan Wright for click chemistry and analysis. The 
detailed conditions have been published previously [83]. 

11.4 In	   vivo	   mouse	   experiments	   with	   Plasmodium	  
berghei	  

11.4.1 	  Ethics	  statement	  
All animal work was approved by the United Kingdom Home Office and passed an 
ethical review process. All work carried out was in compliance with European 
Directive 86/609/EEC for the protection of animals used for experimental purposes 
and in accordance with the United Kingdom “Animals (Scientific Procedures) Act 
1986”. The project license permit number is 40/3344. Tuck’s Original (TO) (Harlan) 
outbred female mice weighing 22-28g were used for all experiments. 

11.4.2 	  Compound	  toxicity	  tests	  
Naïve mice were treated with the appropriate compound at the planned efficacy dose 
through intra-peritoneal injection twice a day and observed for 24 hours to check for 
changes in behaviour or neurological symptoms. 

11.4.3 	  Compound	  efficacy	  tests	  
Plasmodium berghei, GFP ANKA 507 clone 1 strain (1x107) was dissolved in 150 µL 
PBS and delivered through intra-peritoneal injection into three experimental mice 
(M1-M3) and two control mice (M4, M5). 48 hours after parasite injection, the 
experimental group was treated with drug (5-20mg/kg in 150µLPBS) twice daily for 
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three days. Blood smear to determine parasite load was performed daily by taking 
drop of tail blood and staining the blood smear with Giemsa. 5-10 fields with 1500-
2000 RBCs were counted and numbers of cells infected with parasites was 
determined. Percentage parasitemia was then determined for both control and 
experimental animals. 

11.5 Crystallography	  
Jim Brannigan carried out all of the following crystallography studies.	  

11.5.1 	  Leishmania	  major	  NMT	  
Protein at 10 mg ml was incubated at 4°C overnight with a 1/20th volume of cofactor 
MyrCoA (10 mM in 50% DMSO) and crystallized by vapour diffusion using a mother 
liquor consisting of 30% PEG 1500, 0.2M NaCl, 0.1M sodium cacodylate pH 5.5. 
Crystal-soaking experiments proved to be more reliable and convenient. Ligand 
compounds (L2, L13, L15, L16, L27, L33 and P18 25 mM stocks in 50%DMSO) 
were added to a stabilization solution (33% PEG 1500, 0.22M NaCl, 0.11M sodium 
cacodylate pH 5.5) to give a final ligand concentration of 2.5 mM. Ligand solution 
was used to replace liquid in crystallization drops containing LmNMT–MyrCoA 
crystals by careful pipetting, repeated three times to completely wash away the 
original drop solution and left to soak for 20 h.  Full experimental details for L15 have 
been published [107].  

11.5.2 	  Plasmodium	  vivax	  NMT	  
Crystals of the ternary complex of the non-hydrolysable co-factor (NHM) and 
inhibitors (P3, P3/NT100, P19, P20 and P41 bound to PvNMT were obtained as 
described previously [163]. 

11.5.3 	  Homo	  sapiens	  NMT1	  
Crystals of HsNMT1 were obtained by the vapour diffusion method using a variant of 
the conditions published previously [53]. 

A ternary complex of HsNMT1 containing both co-factor and P20 (added as 5% 
volume of a 25mM solution in 50% DMSO) at 6mg/mL was crystallized using an 
equal volume of 17.5% PEG 3350, 100mM phosphate-citrate buffer and either 
100mM NaH2PO4 (pH4.6 ) or 50mM sodium formate (pH5.0). 

11.5.4 	  Data	  Collection	  
X-ray diffraction data were collected on synchrotron beamlines at the Diamond Light 
Source and were processed using XDS [404] and SCALA [405] implemented within 
xia2   [406]. 

11.6 Pharmacokinetic	  experiments	  
All pharmacokinetic experiments were performed by either WuXi Apptec or the 
Centre for Drug Candidate Optimisation (CDCO).  
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11.6.1 	  Bi-‐directional	  Permeability	  in	  Caco-‐2	  Cells	  (WuXi)	  
Caco-2 Cells (obtained from ATCC) were cultured in MEM with 10% FBS. Cells 
from passage number from 30 to 50 were seeded onto PET membranes of 96-well. 
Plates were inserted at 1 x 105 cells/ cm2 until 21-28 days to ensure confluent cell 
monolayer formation. The integrity of the monolayer was verified by measuring 
Lucifer yellow rejection assay. The quality of the monolayer was also verified by 
measuring the unidirectional (A→B) permeability of femoterol (low permeability 
marker), propranolol (high permeability marker) and bi-directional permeability of 
digoxin (a P-glycoprotein substrate marker) in duplicate wells. 

Standard assay conditions for test compounds: 

Test concentration: 2 µM (DMSO≤1%); 

Replicates: n=3; 

Directions: bi-directional transport including A→B and B→A; 

Incubation time: single time point, 2 hours; 

Transport buffer: HBSS, pH7.4; 

Incubation condition: 37°C, 5% CO2, 95% relative humidity. 

At the end of incubation, sample solutions from both donor and receiver wells were 
mixed with cold acetonitrile containing internal standard (IS) immediately. The cells 
were lysed with acetonitrile containing IS will be also included for intracellular 
accumulation determination. 

All samples including starting dosing solution, donor solution, receiver solution and 
cell lysate were analyzed using LC/MS/MS. Concentrations of test compound were 
expressed as peak area ratio of analytes versus IS with no standard curve. 

Deliverables:  

The A→B and B→A apparent permeability coefficients (Papp) of the test compound;  

Percent recovery and total recovery of the test compound; 

Efflux ratio;  

11.6.2 	  Microsome	  Metabolic	  Stability	  Assay	  (human,	  rat	  and	  CD-‐1	  
mouse)	  

Test compounds were incubated at 37°C with liver microsomes (pooled from multiple 
donors) at 1 µM in the presence of a NADPH regenerating system at 0.4mg/ml 
(CDCO) or 0.5mg/ml (WuXi) microsomal protein. Positive controls include 
Testosterone (a 3A4 substrate), Propafenone (2D6) and Diclofenac (2C9). They were 
incubated with microsomes in the presence of a NADPH regenerating system.  
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Time samples (0, 5, 10, 20, 30 and 60 minutes) were removed, immediately mixed 
with cold acetonitrile containing internal standard (IS e.g. diazepam). Test compound 
incubated with microsomes without NADPH regenerating system for 60min were also 
included. Samples were analyzed by LC/MS/MS; disappearance of test compound 
was assessed based on peak area ratios of analyte/IS (no standard curve).  

An excel data summary, calculated intrinsic clearance and t½ values were provided 
using the following equation to calculate the microsome clearance: 
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11.6.3 	  Plasma	  Stability	  (human	  and	  CD-‐1	  mouse	  -‐	  WuXi)	  
Frozen plasma (from multiple species) was pre-warmed in water bath at 37°C before 
use. Test compounds were incubated at 37°C with plasma at 2µM in duplicates. Time 
samples (0, 10, 30, 60 and 120min) were removed and immediately mixed with stop 
solution containing internal standard (IS). 

Eucatropine or Diltiazem will be used as positive control. 

Samples were analyzed by LC/MS/MS. Disappearance of test compound was 
assessed base on peak area ratio of analyte/IS (no standard curve).  

11.6.4 	  Plasma	  Protein	  Binding	  (WuXi)	  
Frozen plasma (EDTA-K2 as anticoagulant, animal n≥3, male) was used as text 
matrix. Test compound (in triplicate) was spiked into blank plasma at the final 
concentrations of 2 µM in matrix. A 150µL aliquot of matrix sample and an equal 
volume of PBS was added to one of the two sides of a 96-well equilibrium dialyzer 
plate (HTDdialysis), respectively. An aliquot of matrix sample was harvested before 
the incubation and used as T0 sample for recovery calculation. The dialyzer plate was 
rotated slowly for 4hr at 37°C. After incubation, samples wereremoved from the 
matrix side as well as the buffer side. The matrix aliquots were diluted with equal 
volume of buffer; buffer samples were diluted with equal volume of blank matrix. The 
diluted samples were mixed with stop solution containing internal standard (IS). 

Samples were analyzed by LC/MS/MS. Test compound concentrations in matrix and 
buffer samples were expressed as peak area ratios (PAR) of analyte/internal standard 
(no standard curve). 

Deliverables:  

% bound fraction at 4 hours (% bound = 1- % unbound) 

% recovery in incubates at 4 hours 
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11.6.5 	  LogD	  (WuXi)	  and	  gLogD	  (CDCO)	  
The Log D assay was a miniaturized 1-octanol/buffer shake flask method followed by 
LC/MS/MS analysis. 

Test compounds (10mM in DMSO; 2 µL/well) and QC samples (10mM in DMSO; 2 
µL/well) were transferred in duplicate from storage tubes to the 96-well 
polypropylene cluster tubes.  Buffer-saturated 1-octanol (149µL/well) and 1-octanol 
saturated buffer (149µL/well) were added to each well. Each of the tubes was 
vigorously mixed on their sides for 3min and then shaken for 1hr at a speed of 880 
rpm at room temperature, followed by centrifugation at 2500rpm for 2min. The buffer 
layer sample was diluted by a factor of 20 fold and 1-octanol layer sample by a factor 
of 200 fold with IS solution. 

Sample analysis was performed using a triple quadrupole mass spectrometer. Peak 
areas were corrected by dilution factors and incorporating internal standard, and the 
ratio of the corrected peak areas were used to calculate the results (Log D value). 

The Log D value for each compound was calculated using the following equation: 
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Partition coefficient values (gLogD) of the test compounds were estimated by 
correlation of their chromatographic retention properties against the characteristics of 
a series of standard compounds with known partitin coefficient values. The method 
employed is a gradient HPLC based derivation using the literature method [407]. 

 

11.6.6 	  Microsomes	   5-‐CYP	   Isozymes	   Inhibition	   Using	   Cocktail	  
Substrate	  (WuXi)	  

CYP450 dependent activities were determined using a marker substrate cocktail. For 
each reaction, enzyme activities in the presence and absence of test compound were 
tested at 7 concentrations (0, 0.049, 0.195, 0.781, 3.125, 12.5, 50.0µM) in singlet. A 
known inhibitor for each isoform, tested at a single concentration (3µM) in duplicates, 
was included as positive control. 

Incubation mixture containing microsomes, substrate and standard inhibitor or test 
compound were pre-incubated at 37°C for 5min.  Reaction was initiated by addition 
of the NADPH.   
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After incubation, ice-cold acetonitrile was added to terminate the reaction. Generation 
of metabolites from the substrate reactions was determined by LC-MS/MS and was 
assessed based on peak area ratios of analyte/IS.  
Group mean will be used to calculate the extent of inhibition (expressed as % of 
control activity) 

11.6.7 	  Pharmacokinetic	  study	  (IV,	  PO)	  in	  male	  CD-‐1	  mice	  (WuXi)	  
a) In life 

Group  No. of Mice 

(#/ gender) 

Treatment 

# Dose 

(mg/kg) 

Conc. 

(mg/mL) 

Vehicle Route 

IV 3 males P20, 
P35 

5 2.5 DMSO/PEG400 

/PBS 

IV 

PO 3 males 10 2.0 DMSO/PEG400/ 

PBS 

PO 

SAMPLE COLLECTION: 
   Sampling Time points (hours post dosing) 

Group Dose Route animals ID 0.25 0.5 1 2 4 8 24 

PO PO 1, 3, 5 P P P P P P P 

   Sampling Time points (hours post dosing) 

Group Dose Route animals ID 0.083 0.25 0.5 1 2 4 8 24 

IV IV 2, 4, 6 Pa P P P P P P P 

a: blood was collected via submadibular or saphenous vein and plasma was prepared. 

Marker Substrate Reaction (isoform) Standard Inhibitor 

Phenacetin O-deethylation (CYP1A2) α-Naphthoflavone 

Diclofenac 1’-hydroxylation (CYP2C9) sulfaphenazole 

S-Mephenytoin 4’-hydroxylation 
(CYP2C19) 

(+)-N-3-benzylnirvanol 

Dextromethorphan O-demethylation (CYP2D6) quinidine 

Midazolam 1’-hydroxylation (CYP3A4) ketoconazole 
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b) Bioanalysis 
 

Dose formulation concentration verification  

§ Aliquots of the formulations were collected in the middle position of each 
dose formulation in duplicate 

§ A LC/UV or LC/MS/MS method was developed with a calibration curve 
consisting of 6 calibration standards 

§ The concentrations of the test compound in dose formulation samples was 
determined by the LC/UV or LC/MS/MS method 
 

Bioanalytical method development and sample analysis 

Ø LC-MS/MS method development: 
§ A LC-MS/MS method for the quantitative determination of test compound in 

corresponded biological matrix was developed under non-GLP compliance.  
§ A calibration curve with 8 non-zero calibration standards was applied for the 

method including LLOQ.  
§ A set of QC samples consisting of low, middle, and high concentration was 

applied for the method. 
 

Ø Sample analysis: 
§ In general, one calibration curve with 2 sets of QC samples consisting of low, 

middle, and high concentration will be applied if sample numbers less than 48. 
§ If sample numbers are more than 48, then two calibration curves with 2 sets of 

QC samples will be applied. 

 

c) PK analysis and data presentation 
§ WinNonLin（Phoenix Pharsight） non-compartmental model, using plasma 

concentration time data from individual animals 
§ PK data in excel spreadsheet, with method summary and all relevant tables of 

bioanalytical data 
§ Intravenous: C0, CL, Vdss, AUC0-last, AUC0-inf, %F, MRT0-last, MRT0-inf, T½  
§ Extra vascular: Cmax, Tmax, AUC0-last, AUC0-inf, %F, MRT0-last, MRT0-inf 

	  

11.6.8 	  hERG	  IC50	  (WuXi)	  
Instrument 

QPatch-HTX System (Sophion Inc.), 48-channel parallel recording 

Assay Readout 

Electric currents from voltage clamp 

Cell Line 
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Stable CHO-K1 cells expressing hERG channel 

Test Compound Concentration 

IC50 derived from 0.37, 1.1, 3.3, 10, 30µM (for 5-point dose responses),  

Number of Replicates 

n=2  

Control 

Amitriptyline


