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Chapter 2 

Materials and Methods 

2.1 Equipment 
0.2 mL PCR tubes 
 Starlab  (UK) Ltd.   Part no. B1402-4300 

 
0.6 mL Microcentrifuge tubes 

 Thermo Fisher Scientific Inc.  Part no. TUL-918-010X 

 

1.2 mL Micro dilution tubes 
 Starlab  (UK) Ltd.   Part no. E1730-9000 

 
1.5 mL Microcentrifuge tubes 
 Thermo Fisher Scientific Inc.  Part no. TUL-918-014G 
 
12-well Cell Culture Plates 

Thermo Fisher Scientific Inc.   Part no. TKT-520-070H 

 

25 cm2 Cell Culture Flasks 
Thermo Fisher Scientific Inc.   Part no. 136196 

 
48-well Cell Culture Plates 
 Thermo Fisher Scientific Inc.  Part no. TKT-522-070S 

 

96-well Cell Culture Plates 

Thermo Fisher Scientific Inc.   Part no. DPS-130-010N 

 

96-well TC-treated Black Clear Bottomed Plates 

Thermo Fisher Scientific Inc.   Part no. DPS-130-020K 

 
96-well aluminium insert for Dri-Block 

Thermo Fisher Scientific Inc.   Part no. BLD-810-560Q 

 

BD Eclipse Blood Collection Needle, 21g 

Southern Syringe Services Ltd.  Part no. 368609 
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BD Vacutainer One Use Holder 
Southern Syringe Services Ltd.  Part no. 364815 

 

BD Vacutainer® Whole Blood Tube, K2EDTA, 10 mL 

Southern Syringe Services Ltd.  Part no. 367895 

 

BD Vacutainer® Whole Blood Tube, K2EDTA, 6 mL 

Southern Syringe Services Ltd.  Part no. 367873 

 

Bio-Rad ChemiDoc XRS Molecular Imaging System 
 Bio-Rad Laboratories Ltd.  Part no. 170-8070 

 

Bio-Tek Synergy™ HT Multi-Detection Microplate Reader 

Labtech International Ltd.   Part no. SIAFR 

 

Bright-Line™ Haemocytometer 
Sigma-Aldrich Ltd.    Part no. Z359629 

 

Circulating Water Bath 

Wolf Laboratories Ltd.   Part no. GD100-P5 

 

Dynex Ultrawash PLUS™ Plate Washer 

Jencons (Scientific) Ltd.   Part no. 701-005 

 

E100 Binocular Microscope 

 Jencons (Scientific) Ltd.   Part no. 450-951 

 

Extra Thick Blot Paper 
Bio-Rad Laboratories Inc.   Part no. 170-3965 
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Hermle Z323K Refrigerated Centrifuge  
 VWR International Ltd.  Part no. 521-0221 

including: 
Swing-out Rotor (8 X 15 mL) 

Part no. 521-0189 

Fixed-angle Rotor (24 X 1.5 mL) 
Part no. 521-0201 

Fixed-angle Rotor (8 X 50 mL) 
Part no. 521-0194   

 

High Speed Mini Orbital Shaker 
Wolf Laboratories Ltd.   Part no. SSM5 

 

HTS Transwell-96 Well Permeable Support System 
 Thermo Fisher Scientific Inc.  Part no. HTS-106-050J 

 

Inverted TE2000-U Microscope System 
Nikon Corporation Ltd.: 
Eclipse TE2000-U Basic Unit 
Part no. MEA51010 

Eposcopic Fluorescence Attachment (Hg) 
Part no. MEE54000 
CFI Plan Fluor ELWD Objectives 

Part nos. MRH38220/MRH38420/MRH18620 
Hamamatsu Orca – 285 Digital CCD Camera 

Part no. 1HMOC285 
Coolpix Digital Colour Camera 

Part no. 85400RUK 

IPLAB Suite Software  

Part no. 1SCSUITE 
 

LMS Series 1 Cooled Incubator 
Wolf Laboratories Ltd.   Part no. 305 

 

Mini Trans-Blot Electrophoretic Transfer Cell 
 Bio-Rad Laboratories Inc.   Part no. 170-3930 
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Mini-PROTEAN® II Electrophoresis Cell 
 Bio-Rad Laboratories Inc.   Part no. 165-2940 

 

Nitrocellulose Membrane, 0.45 µm 

 Bio-Rad Laboratories Inc.   Part no. 162-0115 

 

Non-binding 96-well plates 
 Thermo Fisher Scientific Inc.  Part no. FB56426 

 
Nunc Immuno Maxisorp 96-well plates 
 Thermo Fisher Scientific Inc.  Part no. DIS-971-030J 

 

PowerPac™ 3000 Power Supply 

 Bio-Rad Laboratories Inc.   Part no. 165-5057 

 

Sigma 1-14 Microcentrifuge 

Wolf Laboratories Ltd.   Part no. 10016 

 
Slide-A-Lyzer Dialysis Cassette Kit, 10K MWCO 

Pierce Biotechnology Inc.   Part no. 66382 

 
SwellGel® Blue albumin removal kit 

Pierce Biotechnology Inc.   Part no. 89845 

 

Techne Dri-Block DB-3 

Thermo Fisher Scientific Inc.   Part no. BLD-715-010G 

 

Temperature-controlled, stirred water bath, GD100-S5 
 Thermo Fisher Scientific Inc.  Part no. BLE-650-010G 

 

Ultrafree®-CL microcentrifuge filters, NMWL 100 kDa 

Sigma-Aldrich Ltd.    Part no. M-2286 

 

Ultrafree®-CL microcentrifuge filters, NMWL 30 kDa 

Sigma-Aldrich Ltd.    Part no. M-1661 
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Vortex mixer, mini 
 Thermo Fisher Scientific Inc.  Part no. GBI-900-010E 

 

Zeba™ desalt spin columns, 2 mL 

Pierce Biotechnology Inc.   Part no. 89889 

 
Zeba™ desalt spin columns, 5 mL 

Pierce Biotechnology Inc.   Part no. 89891 
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2.2 Reagents 

 
Acetic Acid, Gacial  

Sigma-Aldrich Ltd.    Part no. 320099-2.5L 

 

Acrylamide  

VWR International Ltd.   Part no. 442994J 

 

Agarose 1  

Anachem Ltd.     Part no. 0710-500G-R 

 

ε-Amino-n-caproic acid  

Sigma-Aldrich Ltd.    Part no. A-7824 
 
Ammonium Persulphate  

Sigma-Aldrich Ltd.    Part no. A-3678 

 
Antibiotic/Antimycotic Solution (100X)  

Sigma-Aldrich Ltd.    Part no. A-5955 
 
Anti-FliC (flagellin) antibody 
 Cambridge Bioscience Ltd.  Part no. 629701  
 
Anti-mouse IgG (whole molecule)-Biotin antibody 

 Sigma Aldrich Ltd.   Part no. A-6649 

 
Anti-Mouse IgG (whole molecule)-Peroxidase antibody 
 Sigma-Aldrich Ltd.   Part no. A-5278 

 
Anti-Sheep IgG (whole molecule)–Peroxidase antibody  

Sigma-Aldrich Ltd.    Part no. A-3415 

 
Benzamidine  

Sigma-Aldrich Ltd.    Part no. B-6506  
 

Borrelia p41 recombinant flagellin of E. coli origin 
 Autogen Bioclear UK Ltd.  Part no. ABC1111 



 42

 
Bovine Serum Albumin  

Sigma-Aldrich Ltd.    Part no. A-7906 

 
Bromophenol Blue  

Thermo Fisher Scientific Inc.   Part no. B/4630/44 

 

Camptothecin  

Sigma-Aldrich Ltd.    Part no. C9911 

 
CD14 (N-15) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-6998-P 

 
CD36 (N-15) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-5522-P 

 
CellTiter® Aqueous One Solution Cell Proliferation Assay  

Promega UK Ltd.    Part no. G3580 

 
Coomassie (Bradford) Protein Assay Kit 
 Pierce Biotechnology Inc.  Part no. 23200 

 

DEGLKGKISEAD Custom-made Peptide  
KJ Ross-Petersen, Denmark. 

 
DEGLKGKISEAD-KLH Conjugated Custom-made Peptide  

KJ Ross-Petersen, Denmark. 

 

Dimethyl Sulfoxide  
Sigma-Aldrich Ltd.    Part no. D-2650 

 

DL-Dithiothreitol  
Sigma-Aldrich Ltd.    Part no. D-0632 

 
Escherichia coli DnaK Protein  

Assay Designs Inc.    Part no. SPP-630 
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Escherichia coli GroEL Protein  
Assay Designs Inc.    Part no. SPP-610 

 

Escherichia coli GroES Protein  

Assay Designs Inc.    Part no. SPP-620 

 

Enzolyte™ Rh110 Caspase-3 Assay Kit  
Anaspec Inc.     Part no. 71141 

 

Escherichia coli 0111:B4 Lipopolysaccharide  
Sigma-Aldrich Ltd.    Part no. L-4391 

 
Ethylenediaminetetraacetic acid, anhydrous (EDTA)  

Sigma-Aldrich Ltd.    Part no. E-6758 

 

Extravidin® peroxidise conjugate 
 Sigma Aldrich Ltd.   Part no. E-2886 

 

EZ-Link® NHS-PEO4-Biotinylation Kit  
Pierce Biotechnology Inc.   Part no. 21455 

 
Foetal Bovine Serum (FBS) 

Cambrex Corporation.   Part no. 14-810F 
 

Glycine  
VWR International Ltd.   Part no. 101196X 

 
HABA/Avidin Reagent 
 Sigma-Aldrich Ltd.   Part no. H-2153 

 
Histopaque®-1077 Hybri-max Solution  

Sigma-Aldrich Ltd.    Part no. H-8889 
 
HMG1 (HMGB-1) Antibody  

Assay Designs Inc.    Part no. CSA-614 
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HMG-1 (HMGB-1) Human Protein  

Sigma-Aldrich Ltd.    Part no. H-4652 

 

Human IL-1β (Interleukin-1 beta) ELISA Ready-SET-Go! Kit  

eBioscience Inc.    Part no. 88-7010 
 

Human IL-6 (Interleukin-6) ELISA Ready-SET-Go! Kit  
eBioscience Inc.    Part no. 88-7066 

 

Human IL-10 (Interleukin-10) ELISA Ready-SET-Go! Kit  
eBioscience Inc.    Part no. 88-7106 

 
Human TNF-α (Tumor Necrosis Factor alpha) ELISA Ready-SET Go! Kit  

eBioscience Inc.    Part no. 88-7346 
 
Hydrochloric Acid, 37%  

Sigma-Aldrich Ltd.    Part no. 320331 

 
Imject® Alum  

Pierce Biotechnology Inc.   Part no. 77161 

 
Immobilized TCEP Disulfide Reducing Gel  

Pierce Biotechnology Inc.   Part no. 77712 
 

Imperial Protein Stain  
Pierce Biotechnology Inc.   Part no. 24615 

 
L-Glutamine Solution (200 mM)  

Cambrex Corporation.   Part no. 17-605E 
 
β-Mercaptoethanol  

Thermo Fisher Scientific Inc.   Part no. M/P200/05 

 

2-Mercaptoethylamine HCl  
Sigma-Aldrich Ltd.    Part no. M-9768 
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Methanol  
VWR International Ltd.   Part no. 152506X 

 
Microlink™ Peptide Coupling Kit  

Pierce Biotechnology Inc.   Part no. 20485 
 
N,N,N’,N’-Tetramethylethylenediamine (TEMED)  

Sigma-Aldrich Ltd.    Part no. T-9281 

 

N’N’-Methylenebisacrylamide  

VWR International Ltd.   Part no. 4433003N 

 
Phenylmethylsulfonyl fluoride  

Sigma-Aldrich  Inc.   Part no. P-7626 

 
Phorbol 12-Myristate 13-Acetate  

Sigma-Aldrich Ltd.    Part no. P-1585 
 
Phosphate Buffered Saline without Ca++ or Mg++  

Cambrex Corporation.   Part no. BE17-516F 

 

Polymixin B Solution  

Sigma-Aldrich Ltd.    Part no. 81271 

 
Potassium Chloride  

Sigma-Aldrich Ltd.    Part no. P-5405 

 
Potassium Dihydrogen Orthophosphate  

VWR International Ltd.   Part no. 102034B 

 

Precision Plus® Protein Dual Colour Standards  

Bio-Rad Laboratories Inc.   Part no. 161-0374 

 

Precision Plus® Protein Unstained Standards  

Bio-Rad Laboratories Inc.   Part no. 161-0363 
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Protease Inhibitor Cocktail 100X 
Sigma-Aldrich Ltd.    Part no. P-8340 

 

QCL-1000 Chromogenic LAL Endotoxin Detection Assay Kit  

Cambrex Corporation.   Part no. 50-647U 
 

Recombinant Human Hsc70 (Hsp73) Protein  
Assay Designs Inc.    Part no. SPP-751 

 

Recombinant Human Chaperonin 10 (Cpn10) Protein - Low Endotoxin  
Assay Designs Inc.    Part no. ESP-110 

 

Recombinant Human Hsp70 (Hsp72) Protein, baculovirus expressed  

 Stressmarq Biosciences Inc.  Part no. SPR-115 

 

Recombinant Human Hsp70 (Hsp72) Protein  
Assay Designs Inc.    Part no. ESP-555 

 

Recombinant Human Hsp70 (Hsp72) Protein - Low Endotoxin  
Assay Designs Inc.    Part no. NSP-555 

 

Recombinant Human Hsp60 Protein - Low Endotoxin  

Assay Designs Inc.    Part no. NSP-540 
 
RPMI-1640 Medium  

Cambrex Corporation.   Part no. BE12-702F 
 
RPMI-1640 Medium, Phenol Red-Free  

Cambrex Corporation.   Part no. BE12-918F 
 

Sheep IgG  

Sigma-Aldrich Ltd.    Part no. I-5131 

 
Sodium Acetate, trihydrate  

VWR International Ltd.   Part no. 27652.232 
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Sodium Bicarbonate 
 Sigma-Aldrich Ltd.   Part no. S-6297 

 
Sodium Carbonate 

 Sigma-Aldrich Ltd.   Part no. S-7795 

 
Sodium Chloride  

Sigma-Aldrich Ltd.    Part no. S-7653 

 

Sodium Deoxycholate  
Sigma-Aldrich Ltd.    Part no. D-6750 

 
Sodium Dihydrogen Orthophosphate 1-hydrate  

VWR International Ltd.   Part no. 102454R 

 

Sodium Dodecyl Sulphate  
VWR International Ltd.   Part no. 442444H 

 
Sucrose  

Sigma-Aldrich Ltd.    Part no. S-7903 

 

SwellGel® Blue Albumin Removal Kit  

Pierce Biotechnology Inc.   Part no. 89845 

 
SuperSignal® West Pico chemiluminescent substrate  

Pierce Biotechnology Inc.   Part no. 30477 
 
TATDKSTGKAN Custom-made Peptide  

KJ Ross-Petersen, Denmark. 

 
TATDKSTGKAN-KLH Conjugated Custom-made Peptide  

KJ Ross-Petersen, Denmark. 

 
3,3’,5,5’-Tetramethylbenzidine (TMB) Substrate 
 Cheshire Sciences (UK) Ltd.  Part no. UP664781 
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Thimerosal 
 Sigma-Aldrich Ltd.   Part no. T-8784 

 

TLR2 (N-17) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-8689-P 

 
TLR4 (C-18) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-8694-P 

 
TLR5 (N-15) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-8695-P 

 
TLR7 (H-20) Blocking Peptide  

Santa Cruz Biotechnology Inc.  Part no. sc-13208-P 

 

Tris (hydroxymethyl)methylamine  
VWR International Ltd.   Part no. 443866G 

 
Triton® X-100 
 Sigma-Aldrich Ltd.   Part no. T-8787 

 

Trypan Blue Solution (0.4%)  

Sigma-Aldrich Ltd.    Part no. T-8154 
 
Tween® 20  

Sigma-Aldrich Ltd.    Part no. P-1379 

 
U937 Human Cell Line 

European Collection of Cell Cultures. Part no. 85011440 

 
 

2.2.1 Hsp72 ELISA buffers 
 
0.1 M Sodium bicarbonate buffer, pH 9.6 
Sodium carbonate (10.6 g) and sodium bicarbonate (8.4 g) were added to 1 L of 

dH2O and pH adjusted to 9.6. 
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0.15 M Phosphate buffered saline, pH 7.2 (PBS) 
Sodium chloride (8.0 g), potassium chloride (0.2 g), potassium dihydrogen 

orthophosphate (0.24 g) and sodium dihydrogen orthophosphate (1.44 g) were 

added to 1 L of dH2O and pH adjusted to 7.2. 

 

Blocking buffer 
0.5 % (w/v) bovine serum albumin (BSA) was dissolved in PBS. 

 

Wash Buffer 

Phosphate buffered saline, pH 7.2 plus 0.05 % (v/v) Tween®20 and 0.01 % 

(w/v) thimerosal. 

 

Detector antibody 
The detector antibody was a kind gift from Dr Torsten Nygård, Faculty of 

Agricultural Sciences, Aarhus University, Denmark. It is a mouse monoclonal 

antibody raised against Bovine Hsp70 (H-9776, Sigma-Aldrich Ltd.) which is 

specific for Hsp72 and at a concentration of 1 mg/mL in PBS + 0.01 % (w/v) 

thimerosal. 

 
1 M Phosphoric acid 
Orthophosphoric acid (6.8 mL) was diluted with dH2O up to 100 mL. 

 

2.2.2 Cell extraction buffer 
Tris base (0.315 g), EDTA (0.004 g) and DL-dithiothreitol (0.01 g) was made up 

to 100 mL with dH2O and pH adjusted to 7.4. This was then supplemented with 

phenylmethylsulfonyl flouride (0.035 g), ε-amino-n-caproic acid (0.065 g), 

benzamidine (0.016 g) and 0.1% (v/v) Triton X-100. This was prepared up to 

one month in advance and stored at 4°C. 

 

2.2.3 SDS-PAGE buffers 
 
1.5 M Tris-HCl, pH 8.8 
Tris base (18.5 g) was added to 40 mL of dH2O and pH adjusted to 8.8 then 

made up to 100 mL with dH2O. 

 

0.5 M Tris-HCl, pH 6.8 
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Tris base (3.0 g) was added to 40 mL of dH2O and pH adjusted to 8.8 then 

made up to 100 mL with dH2O. 

 

Acrylamide-bis 

Acrylamide (30.0 g)and N’N’ bismethylene acrylamide (0.8 g) was added to 

100 mL of dH2O, stirred thoroughly then filtered through Whatman #1 filter 

paper. 

 

10 % SDS solution 

SDS (10.0 g) was added to 100 mL of dH2O. 

 

10 % Ammonium persulphate 
Ammonium persulphate (0.1 g) was added to 1 mL of dH2O. This was freshly 

prepared when required. 

 

0.05 % Bromophenol blue 
Bromophenol blue (0.01 g) was added to 20 mL of dH2O. 

 

Non-reducing sample buffer 
Sucrose (2.4 g), 0.5 M Tris-HCl pH 6.8 (2.0 mL), 10 % SDS solution (2.0 mL), 

0.05 % bromophenol blue (0.4 mL) was added to 9.1 mL of dH2O and mixed 

thoroughly. 

 

Reducing sample buffer 
Non-reducing sample buffer plus DL-dithiothreitol (0.02 g). 

 

Electrode buffer, pH 8.3 

Tris base (5.4 g), glycine (25.92 g) and 10 % SDS solution (9.0 mL) was added 

to 900 mL of dH2O and stirred thoroughly. This was prepared a day prior to use 

and stored at 4°C. 

 

2.2.4 Western blotting buffers 
 

Transfer buffer 
Tris base (3.03 g), glycine (14.4 g) and 200 mL methanol was made up to 1 L 

with dH2O. This was prepared a day prior to use and stored at 4°C. 
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Tris buffered saline (TBS) 
Tris base (2.42 g) and NaCl (29.22 g) was added to 750 mL of dH2O, pH 

adjusted to 7.5 then made up to 1 L with dH2O. 

 

Washing solution (TTBS) 

Tween®20 (0.05 % v/v) was added to 500 mL of TBS and stirred thoroughly. 

 

Blocking solution 
BSA (1 % w/v) was added to 50 mL of TBS and stirred thoroughly. 

 

Antibody buffer 
BSA (1 % w/v) was added to 100 mL of TTBS and stirred thoroughly. 

 
 



 52

2.3 Methods 
 
2.3.1 Screening of sheep serum for peptide-specific antibodies. 
Peptides were coated onto Nunc Immuno Maxisorp 96-well plates, 100 µL per well 

at 5 µg/mL in 0.1 M sodium bicarbonate buffer and incubated overnight at 4°C. 

Plates were then washed three times with ELISA wash buffer using an automated 

plate washer and plates were blotted dry. Plates were then blocked with 250 µL per 

well blocking buffer and incubated at 25°C for 1 h. Plates were washed and dried 

as before. Serum from immunised sheep was diluted 1/100, 1/1000, and 1/10000 in 

PBS and applied to the plate at 100 µL per well. Control pre-immune serum was 

added at the same dilutions, as controls. The plate was then incubated at 37°C for 

1 h. Plates were washed and dried as before. An anti-sheep IgG peroxidase-

labelled antibody was diluted 1/1000 with 0.5 % BSA (w/v) in wash buffer and 

applied to the plate at 100 µL per well and incubated for 1 h at 25°C. Plates were 

washed and dried as before and TMB substrate applied at 100 µL per well for 30 

min in the dark at 25°C. The reaction was stopped with 100 µL per well 

1 M phosphoric acid and the plates read at 450 nm using a microplate reader. 

 
2.3.2 Reduction of disulfide bonds in peptides. 
Reduction of disulfide bonds in peptides were performed using immobilized TCEP 

gel. 

TCEP gel slurry (400 µL) was added to a Handee™ spin cup column and placed 

into a collection tube. The column was centrifuged at 50 g for 30 sec. Supernatant 

was discarded and the gel washed with 300 µL peptide coupling buffer (component 

of Microlink™ peptide coupling kit) by adding coupling buffer to the column, 

vortexing briefly and centrifuging at 50 g for 1 min. The gel was washed a total of 5 

times. Peptide was dissolved in 300 µL coupling buffer (1 mg/mL), added to the top 

of the gel and vortexed briefly before incubation for 60 min at 25°C. Reduced 

peptide sample was then collected by centrifugation at 50 g for 1 min. 

The reduced sample was then used immediately for generating an affinity column 

using the Microlink™ peptide coupling kit. 

 
2.3.3 Immobilization of peptide onto iodoacetyl gel. 
Peptides with free, reduced sulfhydryl groups can be coupled to iodoacetyl gel to 

form an affinity substrate for purification of antibodies. Iodoacetyl gel reacts with 

free sulfhydryl groups to form a stable thioether link on a 15-atom spacer which 
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allows binding between peptide and antibody to be more efficient. The iodoacetyl 

gel was purchased pre-packed in spin columns for ease of use. 

All reagents were brought to 25°C before use. 

Peptide was dissolved in 300 µL of coupling buffer resulting in a peptide 

concentration of 1 mg/mL. 

The column cap was loosened and base plug was removed, and the column placed 

into a collection tube which was then centrifuged at 1000 g for 2 min. 

The cap was removed and plug reinserted, and the gel was re-suspended in 

300 µL of coupling buffer. The cap was loosened, plug removed and column placed 

in a collection tube then centrifuged at 1000 g for 2 min. Flow through was 

discarded. This step was repeated twice more. 

The column was then plugged and 250 µL of peptide sample added directly to the 

gel; 5 µL of sample was retained for analysis. The cap was replaced and gel and 

sample mixed using a vortex at low speed. The column was then incubated 

overnight at 4°C followed by centrifugation at 1000 g for 1 min. The flow through 

was retained to determine coupling efficiency. 

The column was then plugged, coupling buffer (300 µL) added and cap replaced. 

The column was gently inverted 10 times followed by centrifugation as before. This 

step was repeated twice more. Flow-through was retained to determine coupling 

efficiency. 

The remaining active sites on the iodoacetyl gel were blocked by the addition of 

2 mg of L-cysteine in 200 µL of coupling buffer which was added to the gel, mixed 

gently and incubated for 60 min at room temperature with mixing every 15 minutes. 

The column was then centrifuged at 1000 g for 1 min and 300 µL of wash solution 

(1 M NaCl) added. The column was gently inverted 10 times followed by 

centrifugation as before. This step was repeated twice more. 

PBS (300 µL) was added to the column, plug and cap replaced, and gently inverted 

10 times followed by centrifugation as before. This step was repeated twice more 

followed by the addition of 300 µL PBS containing 0.02 % (w/v) sodium azide. The 

column was then stored at 4°C until required for affinity purification of antibodies. 

Coupling efficiency was determined by comparing protein concentration of peptide 

sample prior to coupling, after coupling, and flow-through from wash steps.  

 

2.3.4 Affinity purification of polyclonal antibodies. 
Immobilized peptide and buffers were equilibrated to room temperature prior to use. 

Column cap and plug were removed and column centrifuged at 1000 g for 1 min 

and flow-through discarded. 300 µL of PBS was then added to the column and cap 
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and plug replaced before mixing gently by inversion. Cap and plug were then 

removed and the column centrifuged as before and flow-through discarded. This 

step was repeated once more. The plug was then replaced and 250 µL of serum 

was added to the column and cap replaced; 5 µL of sample was retained for 

analysis. The column was then incubated overnight at 4°C. Cap and plug were 

removed and the column centrifuged at 1000 g for 1 min. Flow-through was 

retained for analysis. Wash solution was prepared by diluting original wash solution 

(1 M NaCl) 1:1 with dH2O containing 0.05 % (v/v) Tween®-20.The plug was then 

replaced and 300 µL diluted wash solution added. The cap was replaced and 

column gently inverted 10 times. The plug was then removed and column was 

centrifuged at 1000 g for 1 min. Flow-through was retained for analysis. This step 

was repeated twice more. 

PBS (300 µL) was then added to the column and mixed as before. The column was 

then centrifuged as before and flow-through retained for analysis. This step was 

repeated twice more. 

PBS (300 µL) was then added to the column in 100 µL increments down the sides 

of the column to wash the immobilized peptide gel down. The plug was then 

removed and the column centrifuged as before. Flow through was discarded. The 

plug was replaced and 100 µL of elution buffer was added to the column and was 

gently mixed by tapping on the bench top. The cap was replaced and the column 

was incubated at room temperature for 10 min. Following incubation the column 

cap and plug were removed and the column centrifuged at 1000 g for 1 min. Eluate 

was collected and immediately neutralised with 5 µL of 1 M Tris, pH 9.0. Elution 

steps were repeated four more times to ensure maximum elution of pure 

antibodies, followed by buffer exchange to PBS using desalting columns (Section 

2.3.4). The column was then regenerated by washing three times with 300 µL of 

coupling buffer followed by two washes with PBS. PBS containing 0.02 % (w/v) 

sodium azide (300 µL) was then added to the column and stored at 4°C until 

required for use again. 

 

2.3.5 Buffer exchange and desalting of purified antibodies. 

Buffer exchange and desalting of antibodies was performed using Zeba™ desalting 

spin columns.  

Columns and buffers were brought to 25°C prior to use. The column bottom closure 

was twisted off and cap loosened then placed in a 15 mL collection tube. The 

column was centrifuged at 1000 g for 2 min to remove storage solution. PBS buffer 

(2.5 mL for 5 mL column, and 1 mL for 2 mL column) was then added dropwise to 
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the column. The column was then centrifuged as before and buffer discarded. This 

was repeated 4 times to ensure complete removal of residual storage solution. 

Antibody sample (1 mL for 5 mL column, and 500 µL for 2 mL column) was then 

pipetted slowly onto the centre of the resin bed followed by a stacker of ddH20 

(100 μL) to ensure maximal protein recovery. The column was then centrifuged at 

1000 g for 2 min and sample collected.  

 

2.3.6 Biotinylation of antibodies 

 

All reagents were brought to room temperature before use. IgG at a concentration 

of between 1-10 mg diluted in 0.5-2 mL of PBS was prepared. NHS-PEO4-biotin 

was dissolved in 170 µL of dH2O to prepare a 20 mM solution. The appropriate 

volume of NHS-PEO4-biotin was added to the IgG sample. The reaction was then 

incubated on ice for two hours and the biotinylated IgG sample was collected and 

desalted using desalting spin columns (See method 2.3.5). 

 

2.3.7 Determination of biotin incorporation. 
A generic HABA assay was used to determine the number of biotin molecules 

incorporated per antibody molecule. 

HABA/avidin solution 45 µL was pipetted in triplicate onto a non-binding 96-well 

microtitre plate well and the absorbance was measured at 500 nm. The value was 

recorded as A500 HABA/avidin. Then 5 µL of biotinylated antibody was added to 

each well containing the HABA/avidin solution and mixed briefly on a plate shaker. 

Absorbance was then measured multiple times at 500 nm until the signal was 

stable for at least 15 sec. This value was then recorded as A500 HABA/avidin/biotin.  

The calculation to determine biotin incorporation was as follows: 

 

Calculation 1 – concentration of biotinylated protein in mM/mL 

 

mM protein per ml = molecular weight of protein (mg/mM)
protein concentration (mg/ml)

=Calc 1 

 

Calculation 2 – change in absorbance at 500 nm 

 
DA500 = (A500 HABA/avidin) - (A500 HABA/avidin/biotin) = Calc 2 

 

Calculation 3 – concentration of mM biotin per mL 
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ml reaction mixture
mM biotin

= 34, 000 # 0.5
Calc 2

=Calc 3 

 

Calculation 4 – mM of biotin per mM of antibody 

 

mM biotin per mM antibody = Calc 1
(Calc 3) # 10 # dilution factor  

 

 

2.3.8 Determination of protein concentration of samples. 
Sample protein concentration was determined using a coomassie dye protein assay 

which is a modified version of the Bradford binding assay (Bradford, 1976). It 

utilises coomasie blue dye which binds to amino acid residues resulting in a shift in 

absorbance from 465 nm to 595 nm when protein is bound. This can be visualised 

as a colour change from brown to blue. 

All protein concentrations were determined using the microplate method. 

Protein standards (2 - 0.125 mg/mL) were prepared using bovine serum albumin 

(BSA) diluted in the appropriate buffer. Standards, zero control and samples (5 µL) 

were added in triplicate to a non-binding 96-well microtitre plate followed by the 

addition of 250 µL of dye reagent solution. The plate was then incubated at 25°C 

with shaking for 5 min. Absorbance was then measured at 595 nm. If sample 

concentrations were higher than within the working range of the assay, they were 

subsequently diluted in appropriate buffer until within range. 

If sample concentrations were lower than the working range, the assay was 

modified as follows: 

BSA standards were prepared within the range 100 - 3.125 µg/mL in appropriate 

buffer. Standards, zero control and samples (75 µL) were then dispensed onto a 

non-binding 96-well microtitre plate in triplicate followed by the addition of 75 µL of 

dye reagent concentrate. The plate was incubated at 25°C with shaking for 5 min 

and absorbance read at 595 nm. 

 

2.3.9 Determination of IgG concentration. 
Purified IgG concentration was measured using the method described in section 

2.3.8 except that IgG from the appropriate animal species was used to generate the 

standards instead of BSA. All other conditions remained the same. 
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2.3.10 SDS-PAGE electrophoresis. 
Sodium dodecyl sulphate – polyacrylamide electrophoresis (SDS-PAGE) was used 

to analyse cellular protein extracts, proteins released into the extra-cellular media, 

and to determine antibody purification techniques.  

Following determination of protein or IgG concentration (Sections 2.3.8 - 2.3.9), all 

samples were adjusted in the appropriate buffer until all contained the same 

amount of protein. They were then diluted 1:1 with sample buffer (either reducing or 

non-reducing (Section 2.2.3). 

All reduced samples were denatured by heating at 75oC for 10 min followed by 

cooling for 10 min prior to use. 

Non-reduced samples were applied directly onto the gel. 

Precision Plus® standards that do not require any pre-treatment were used as a 

molecular weight reference.  

 

Samples were separated using homogenous percentage SDS-PAGE gels as 

described by Laemmli (1970) using the Bio-Rad mini-protean II electrophoresis 

apparatus. For all buffers required see section 2.2.3. 

All samples were run using 10 % separating gels. The following method is for 

running two 1 mm spaced gels. 

The 10 % separating gels were prepared by adding the following to a small side-

arm flask: dH2O (6.05 mL), 1.5M Tris-HCl, pH 8.8 (3.75 mL), 10% SDS solution 

(150 μL) and acrylamide-bis (5.0 mL). This was then degassed for 15 min before 

the addition of 10 % ammonium persulphate (50 μL) and TEMED (7.5 μL). The 

solution was then quickly pipetted between the glass plates until 2 cm from the top 

of the inner plate, then carefully overlaid with 1 mL of dH2O and allowed to 

polymerise for 1 h. 

The dH2O was poured off and a 3 % stacking gel was prepared by adding the 

following to a small side-arm flask: dH2O (3.15 mL), 0.5 M Tris-HCl, pH 6.8 

(1.25 mL), 10 % SDS solution (50 μL) and acrylamide-bis (500 μL). This was then 

degassed for 15 min before the addition of 10 % ammonium persulphate (50 μL) 

and TEMED (5.0 μL). The well combs were put into place and the stacking gel 

solution poured and allowed to polymerise for 1 h. The well combs were then 

removed and the gel apparatus assembled and electrode buffer added to the inner 

reservoir and outer tank. Standards and samples were then loaded onto the 

stacking gel and the gel run at 200 V (constant voltage) until the bromophenol blue 

dye front was within 2 mm of the bottom of the separating gel. The gel was then 
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carefully removed and either stained for total proteins or electro-transferred by 

western blotting onto nitrocellulose membrane for probing with specific antibodies. 

 

2.3.11 SDS-PAGE total protein staining. 

For visualisation of proteins on SDS-PAGE gels, Imperial protein stain which is a 

modified coomasie blue dye was used. Following SDS-PAGE, the gels were 

removed from the apparatus and washed three times with 100 mL dH2O, with 

shaking, followed by staining with 20 mL per gel of protein stain for 1 h, with 

shaking. The stain was then poured off and the gel washed with 200 mL dH2O 

which was replaced frequently to increase band intensity in relation to background.  

This was maximized by overnight washing with 200 mL dH2O. 

Stained gels were visualized and recorded using the Bio-Rad ChemiDoc imaging 

system. 

 

2.3.12 Western blotting. 
Following SDS-PAGE electrophoresis (Section 2.3.10), gels were subjected to 

electrophoretic transfer to nitrocellulose membrane by western blot using the 

Bio-Rad mini-trans blot apparatus. For all reagents required see section 2.2.4. 

For each gel, pre-cut nitrocellulose membrane, pre-cut filter paper and sponges 

were soaked in transfer buffer. The transfer cassette was then assembled as 

described below from the bottom upwards: 

 

CLEAR PLASTIC (TOP) 

SPONGE 

FILTER PAPER (X1) 

NITROCELLULOSE MEMBRANE 

SEPARATING GEL 

FILTER PAPER (X2) 

SPONGE 

BLACK PLASTIC (BOTTOM) 

 

When placing the membrane on top of the gel, care was taken to ensure there were 

no air bubbles in between and good contact was made. This was achieved by using 

a test tube as a rolling pin. The transfer cassette was then closed and placed within 

the blotting apparatus along with the cooling unit and that tank filled with transfer 
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buffer. The transfer was run at 100 V (constant voltage) for 1 h. Following transfer 

the nitrocellulose blot was removed and immuno-stained using specific antibodies. 

 

2.3.13 Immuno-staining of western blots. 

For all buffers required see section 2.2.4. After western blotting electro transfer, the 

blot was blocked in blocking solution for 1 h at 25°C. Blocking solution was then 

poured off and the blot incubated with antigen specific antibody at the appropriate 

dilution in 50 mL of antibody buffer (Section 2.2.4) and incubated overnight at 4°C. 

Solution was then discarded and the blot washed three times with 50 mL washing 

solution before being incubated with appropriate dilution of secondary enzyme-

labelled antibody or enzyme-labelled avidin in 50 mL antibody buffer for 1 h at 

25°C. The blot was washed five times with 50 mL washing solution then incubated 

with 2 mL Supersignal West Pico chemiluminescent substrate for 5 min, then 

visualised and recorded using the Bio-Rad ChemiDoc imaging system. 

 

2.3.14 Optimisation of primary and secondary labelled antibody dilutions for 
Hsp72 ELISAs. 

Nunc Immuno Maxisorp plates were used throughout ELISA development. 

Primary antibody and secondary labelled antibody dilutions were optimised through 

use of checkerboard titrations to ensure optimal signal to noise ratio between the 

highest standard required and zero control. 

Plates were coated overnight at 4°C with either DEG or TAT purified antibodies at 

2 µg/mL in 0.1 M sodium bicarbonate buffer. Plates were then washed three times 

with 350 µL/well wash buffer and blotted dry, before being blocked with 300 µL/well 

of 0.5 % (w/v) BSA in PBS and incubated at 25°C for 1 h. Plates were then washed 

three times as before and blotted dry. An appropriate high standard of pure Hsp72 

protein was prepared in the appropriate buffer, along with zero controls of buffer 

only. These were applied to the plates at 100 µL/well and sealed before incubation 

at 37°C for 2 h. Plates were then washed five times with 350 µL/well wash buffer 

with a 20 sec soak time between each wash, then blotted dry. 

Primary antibody was serially diluted in 0.5 % (w/v) BSA in wash buffer at relevant 

dilutions, and 100 µL/well applied to the plates for 1 h at 37°C. Plates were then 

washed five times with 350 µL/well wash buffer with a 20 sec soak time between 

each wash, and then blotted dry. Secondary labelled antibody was serially diluted 

at relevant dilutions with 0.5 % (w/v) BSA in wash buffer was applied to the plates 

(100 µL/well) and incubated at 37°C for 1 h. The plates were then washed five 

times as before and blotted dry before the application of 100 µL/well TMB substrate 
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for 45 min, with shaking, at 25°C in the dark. The reaction was stopped with the 

addition of 100 µL/well 1 M phosphoric acid. The plates were then read at 450 nm 

on a microplate reader. 

 
2.3.15 Intra-assay variability of optimal Hsp72 ELISA conditions. 
Intra-assay variability was determined by applying 6 replicates of each standard 

and zero control to the optimised ELISA. 

 
2.3.16 Inter-assay variability of optimal Hsp72 ELISA conditions. 

Inter-assay variability was determined by applying 2 replicates of each standard 

and zero control to five individual plates. 

 
2.3.17 Recovery assays of Hsp72 spiked, and non-spiked cell extracts using 

an optimised Hsp72 ELISA. 
Recovery of Hsp72 in cell extracts was determined by applying spiked or non-

spiked samples to the optimised ELISA. Control (37°C) or heat-treated (40°C, 4 h) 

U937 cell extracts were diluted in extraction buffer to contain 100 µg/mL total 

protein and applied to the plate as non-spiked samples. Spiked samples were 

prepared by diluting cell extracts to contain 200 µg/mL total protein. This was then 

diluted 1:1 with extraction buffer containing 100, 50 and 10 ng/mL Hsp72 to result in 

cell extracts at 100 µg/mL total protein and spiked with 50, 25 and 5 ng/mL Hsp72. 

 
2.3.18 Recovery assays of Hsp72 spiked, and non-spiked tissue extracts 

using an optimised Hsp72 ELISA. 
Recovery of Hsp72 in tissue extracts was determined by applying spiked or non-

spiked samples to the optimised ELISA. Tissue extracts (muscle and brain from the 

domestic Duroc pig) were diluted in extraction buffer to contain 10 µg/mL total 

protein and applied to the plate as non-spiked samples. Spiked samples were 

prepared by diluting cell extracts to contain 20 µg/mL total protein. This was then 

diluted 1:1 with extraction buffer containing 100, 50 and 10 ng/mL Hsp72 to result in 

cell extracts at 10 µg/mL total protein and spiked with 50, 25 and 5 ng/mL Hsp72. 

 
2.3.19 Recovery assays of Hsp72 spiked, and non-spiked tissue culture 

supernatant using an optimised Hsp72 ELISA. 
Recovery of Hsp72 from tissue culture supernatant was determined by applying 

spiked or non-spiked samples to the optimised ELISA. Spiked samples were 

prepared by adding pure Hsp72 to 10 % RPMI or 10 % RPMI from heat-treated 
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U937 cells (1 X 106/mL, 42°C, 2 h) at 25, 10 and 2.5 ng/mL. Non-spiked 10 % 

RPMI was used as a 0 ng/mL control. 

 

2.3.20 Albumin depletion from serum and tissue culture supernatant. 

One disc of SwellGel® Blue per sample was placed in a mini-spin column and 

re-hydrated with 380 μL ddH20 and vortexed for 5 sec. The bottom closure of the 

mini-spin column was twisted off and the cap loosened, then the column placed in a 

2 mL collection tube and centrifuged at 12,000 g for 1 min. Flow through was 

discarded. Serum or supernatant (50 μL) was then added to the resin and 

incubated for 2 min. The column was then centrifuged as before and flow-through 

reapplied to the column for 2 min to ensure maximal albumin binding. The column 

was centrifuged as before and flow-through retained. The column was then 

discarded. If sample required more albumin removal, the sample was applied to a 

new SwellGel® column and the process repeated until all albumin was removed. 

Albumin removal was determined by SDS-PAGE electrophoresis (Section 2.3.10). 

 
2.3.21 Cell culture conditions. 
All culture and manipulation of cells was performed using aseptic technique in a 

Class II tissue culture hood. All cells were grown or incubated at 37°C in a 

humidified atmosphere under 5 % CO2 unless stated otherwise. 

 

2.3.22 Thawing of frozen cell lines. 
RPMI-1640 medium was equilibrated at 37°C then supplemented with 10 % (v/v) 

foetal bovine serum (FBS) (10 % RPMI). Vials of cells were removed from liquid 

nitrogen and rapidly thawed at 37°C until almost completely thawed. Cell culture 

medium (9 mL) was dispensed into a 25 cm2 tissue culture flask and the thawed 

cell suspension was then dispensed into the flask and observed under an inverted 

light microscope for viability. The flask was then incubated at 37°C. 

  

2.3.23 Growth of U937 cell line. 

Human monocytic U937 cells were grown in 10% RPMI and maintained at a density 

of between approximately 2 - 9 X 105 cells/mL. Cells were passaged every 3-4 days 

and observed for viability using trypan blue exclusion (Section 2.3.24). 
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2.3.24 Cell counting and viability testing. 
Cell number and viability testing were performed using trypan blue dye exclusion. 

Routinely 500 µL of cell suspension was diluted 1:1 with trypan blue and incubated 

for 10 min. Viability and counts were carried out four times with 20 µL of cell/trypan 

blue suspension using a haemocytometer. 

 

2.3.25 Freezing and storage of cell lines. 
Cells were routinely frozen down to maintain minimal passaging of cells. 

Sub-confluent cells (~5 X 105 cells/mL) were transferred to a 15 mL centrifuge tube 

and centrifuged at 300 g for 3 min at 25°C. The medium was removed and the cell 

pellet re-suspended in 1 mL of ice-cold freeze medium (FBS supplemented with 

10% (v/v) sterile dimethyl sulfoxide) and transferred to a cryovial. Cryovials were 

incubated in vapour phase liquid nitrogen for at least 2 h and were then transferred 

to liquid nitrogen and stored until required. 

  

2.3.26 Preparation of heat-inactivated FBS. 
FBS was heat-inactivated to inactivate heat-labile components such as growth 

factors and complement proteins which may adversely affect experimental results. 

FBS was allowed to thaw at 37°C before being placed in a 56°C water bath for 

30 min. The FBS was swirled every 5 min during the 56°C incubation. After 30 min 

the FBS was removed and allowed to cool on ice. 

 

2.3.27 Preparation of cell lines prior to experimental treatments. 
Prior to treatments, U937 cells were centrifuged at 400 g, washed once with RPMI 

then re-suspended in phenol red free RPMI containing 10 % (v/v) heat-inactivated 

FBS (10 % HI-RPMI) plated out into 12-well cell culture plates at ~5 X 105 cells/mL 

(1 mL/well). 

 

2.3.28 Transformation of U937 cells into U937 macrophages. 
U937 cells were grown as described previously (Section 2.3.23). Prior to 

experimental treatments, cells were removed from flasks and viability tested as 

described in section 2.3.24. Cells in log phase of growth and at >95% viability were 

then centrifuged at 500 g for 3 min at 25°C and re-suspended at ~5 X 105 cells/mL 

in phenol red-free RPMI medium supplemented with 10% heat-inactivated FBS 

(10 % HI-RPMI), containing 10 ng/mL phorbol 12-myristate 13-acetate (PMA). Cells 

were plated out in 12-well cell culture plates at 1 mL/well and incubated for 48 h to 

enable differentiation of cells. After this time the media was removed and cells 
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rinsed twice with 10 % HI-RPMI then 1 mL/well fresh 10% HI-RPMI media was 

added. U937 macrophages were then ready for experimental treatments. 

U937 cells usually grow in a single cell suspension. When transformed with PMA, 

U937 cells became larger and began to adhere to the well surface within 24 hours, 

with some forming clusters. Within 48 hours the majority (>90%) of U937 cells 

adhered to the well surface and became granular with large lysosomes which is 

consistent with maturation of monocytes to macrophages (Figure 2.1). 

 

               
 

Figure 2.1: Illustration of normal (A) and PMA transformed (B) U937 cells. 
 
 
2.3.29 Isolation of peripheral blood mononuclear cells (PBMCs). 
Venous whole blood was collected using K2EDTA vacutainers. Aliquots (3 mL) of 

whole blood were mixed by inversion with 5 mL of PBS without Ca++ or Mg++ in a 

15 mL centrifuge tube. Histopaque® (3 mL) was then carefully layered underneath 

the blood/PBS and centrifuged at 400 g for 30 min. With a Pasteur pipette the 

upper layer of plasma was removed to within 0.5 cm of the PBMC interface. 

PBMCs were then carefully transferred to a new 15 mL centrifuge tube with 10 mL 

PBS and mixed by inversion. This was centrifuged for 10 min at 250 g after which 

the supernatant was discarded. The pellet was re-suspended in 5 mL PBS and this 

was centrifuged for 10 min at 250 g after which the supernatant was removed and 

the step repeated once. PBMCs were then re-suspended in 10 % HI-RPMI (5 mL) 

followed by counting and viability testing using trypan blue exclusion (Section 

2.3.19). PBMCs were then diluted with 10 % HI-RPMI to adjust cell density to 

~1 X 106 cells/mL and plated out in 12-well cell culture plates at 1mL/well. These 

were then incubated for 1 h prior to treatment. 
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2.3.30 Determination of apoptosis by measurement of caspase-3. 
Caspase-3 activity was determined using a fluorescence assay which measures 

caspase-3 and caspase-7. Caspase-3 plays an essential part in apoptosis and is 

common to most apoptotic pathways. It is an effector caspase which is cleaved and 

activated by granzyme B. Caspase-3 then activates a caspase proteolytic cascade 

leading to apoptosis. The assay kit used to measure caspase-3 activity utilises the 

synthetic peptide (Z-DEVD)2-Rh110 which, upon caspase-3 cleavage, generates 

the green fluorophore Rh110 (rhodamine 110). This green fluorescence can be 

detected at λex 496 nm/λem 520 nm using a fluorescence microplate reader. The 

assay also measures downstream caspase-7 as the substrate specificity for both 

caspases is the same. 

Typically, 100 µL of cells (~5 x 104 per well) were plated out in a clear-bottomed 

black 96-well cell culture plate. Cells were then treated with 50 µL of test compound 

for the desired time. Caspase-3 substrate solution (40 µL, 1M DL-dithiothreitol 

(DTT); 1 mL assay buffer; 10.4 µL caspase-3 substrate) was then added to the 

plate at 50 µL caspase-3 substrate solution per well. The plate was incubated in the 

dark for 60 min at 25°C, and fluorescence intensity measured at λex 496 nm/λem 520 

nm using a microplate reader. 
 
2.3.31 Determination of necrosis by measurement of propidium iodide 

staining. 
Typically, 100 µL of cells (~5 x 104 per well) were plated out in a clear-bottomed 

black 96-well cell culture plate. Included on the plate were positive controls 

consisting of ~5 x105 necrotic cells/mL; negative controls consisting of ~5 x104 per 

well of untreated cells; and background controls of media only. Cells were then 

treated with 10 µL of test compound for the desired time followed by the addition of 

100 µL/well of 5 µg/mL propidium iodide in PBS. The plate was then incubated for 

20 min in the dark at 25°C before fluorescence intensity was measured at 

λex 535 nm/ λem 617 nm using a microplate reader. 

 

Necrotic cells were prepared by autoclaving 5 x 105 cells/mL in 10 % RPMI at 

121°C. for 20 min. 

 
2.3.32 Detection of endotoxin contamination by LAL assay. 
Endotoxin concentrations can be measured by the Limulus amebocyte lysate (LAL) 

assay which utilises a purified enzymatic protein derived from the circulating 

amebocytes of the horsehose crab, Limulus polyphemus. Gram-negative endotoxin 
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is able to catalyse the activation of the purified amebocyte protein and in the 

presense of p-nitroaniline (pNA) releases a yellow substrate which can be 

measured photometrically. 

All materials used for the LAL assay were brought to room temperature before use 

and the assay was performed carefully to reduce the possibility of any external 

endotoxin contamination. All glassware and plastic consumables were sterilised 

before use. Endotoxin standards were prepared in the range 1 - 0.125 EU/mL with 

LAL reagent water. A sterile non-binding plate was pre-equilibrated to 37°C in a 

heating block. With the plate still on the heating block, standards, blank and 

samples were carefully pipetted in duplicate onto the plate at 50 μL per well. Then 

50 μL of prepared LAL protein extract was then added to each well and the plate 

gently tapped to enable mixing. The plate was then incubated for 10 min followed 

by the addition of 100 μL pre-warmed p-NA substrate solution and the plate tapped 

gently. The plate was then incubated for a further 6 min on the heating block 

followed by 100 μL of 25 % (v/v) acetic acid to stop the reaction. The plate was 

then read at 405 nm using a microplate reader. 

 

2.3.33 Determination of IL-1β concentration by ELISA. 

The concentration of IL-1β secretion was quantified by a commercially available 

enzyme linked immunosorbent assay (ELISA). 

The ELISA format is an indirect sandwich assay that uses a plate bound antibody to 

capture antigen (in this case IL-1β) in an unknown sample followed by a 

biotinylated detector antibody and, a peroxidise-labelled avidin. TMB substrate is 

then added to convert the peroxidase to a detectable colorimetric form which is 

converted to an absorbance value with a microplate reader at 450 nm. Using a 

defined set of IL-1β standards unknown samples can be quantified. 

 

An ELISA plate was coated with 100 µL/well of capture antibody in coating buffer at 

1/250 dilution. The plate was sealed and incubated at 4°C overnight. The plate was 

then washed five times with 250 µL/well wash buffer with a soak time between each 

wash of 1 min. The plate was then blotted dry and all wells were blocked with 200 

µL/well of 1X assay diluent and incubated for 1 h at 25°C. The plate was washed 

and blotted dry as before. Standards (0-500 pg/mL) were prepared by diluting IL-1β 

stock in 1X assay diluent. Samples were either applied directly to the plate or 

diluted, if required, in 1X assay diluent. Standards and samples were applied at 

100 µL/well to the appropriate wells, the plate sealed and incubated overnight at 

4°C. The plate was then washed and dried as before and 100 µL/well of 
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biotinylated detector antibody diluted (1/250) in 1X assay diluent was added and 

incubated at 25°C for 1 h. The plate was then washed and dried as before and 100 

µL/well of peroxidase labelled avidin diluted (1/250) in 1X assay diluent was added 

and incubated at 25°C for 1 h. The plate was then washed seven times with a soak 

time of 1 min between washes and blotted dry. Substrate solution was then added 

to the plate (100 µL/well) and incubated for 15 min before the addition of 1M 

orthophosphoric acid (50 µL/well) to stop the reaction. The plate was then read at 

450 nm using a plate reader. 

Absorbance values were then converted to IL-1β concentrations using Prism™ 

5.01 software. 

 

2.3.34 Determination of IL-6 concentration by ELISA. 
The concentration of IL-6 was determined using a commercially available indirect 

sandwich ELISA. 

 

An ELISA plate was coated with 100 µL/well of capture antibody in coating buffer at 

1/250 dilution. The plate was sealed and incubated at 4°C overnight. The plate was 

then washed five times with 250 µL/well wash buffer with a soak time between each 

wash of 1 min. The plate was then blotted dry and all wells were blocked with 

200 µL/well of 1X assay diluent and incubated for 1 h at 25°C. The plate was 

washed and blotted dry as before. Standards (0 - 200 pg/mL) were prepared by 

diluting IL-6 stock in 1X assay diluent. Samples were either applied directly to the 

plate or diluted, if required, in 1X assay diluent. Standards and samples were 

applied at 100 µL/well to the appropriate wells, the plate sealed and incubated 

overnight at 4°C. The plate was then washed and dried as before and 100 µL/well 

of biotinylated detector antibody diluted (1/250) in 1X assay diluent was added and 

incubated at 25°C for 1 h. The plate was then washed and dried as before and 100 

µL/well of peroxidase labelled avidin diluted (1/250) in 1X assay diluent was added 

and incubated at 25°C for 1 h. The plate was then washed seven times with a soak 

time of 1 min between washes and blotted dry. Substrate solution was then added 

to the plate (100 µL/well) and incubated for 15 min before the addition of 1M 

orthophosphoric acid (50 µL/well) to stop the reaction. The plate was then read at 

450 nm using a plate reader. 

Absorbance values were then converted to IL-6 concentrations using Prism™ 5.01 

software. 

 

 



 67

2.3.35 Determination of TNF-α concentration by ELISA. 
The concentration of TNF-α was determined using a commercially available indirect 

sandwich ELISA. 

 

An ELISA plate was coated with 100 µL/well of capture antibody in coating buffer at 

1/250 dilution. The plate was sealed and incubated at 4°C overnight. The plate was 

then washed five times with 250 µL/well wash buffer with a soak time between each 

wash of 1 min. The plate was then blotted dry and all wells were blocked with 

200 µL/well of 1X assay diluent and incubated for 1 h at 25°C. The plate was 

washed and blotted dry as before. Standards (0-500 pg/mL) were prepared by 

diluting TNF- α stock in 1X assay diluent. Samples were either applied directly to 

the plate or diluted, if required, in 1X assay diluent. Standards and samples were 

applied at 100 µL/well to the appropriate wells, the plate sealed and incubated 

overnight at 4°C. The plate was then washed and dried as before and 100 µL/well 

of biotinylated detector antibody diluted (1/250) in 1X assay diluent was added and 

incubated at 25°C for 1 h. The plate was then washed and dried as before and 

100 µL/well of peroxidase labelled avidin diluted (1/250) in 1X assay diluent was 

added and incubated at 25°C for 1 h. The plate was then washed seven times with 

a soak time of 1 min between washes and blotted dry. Substrate solution was then 

added to the plate (100 µL/well) and incubated for 15 min before the addition of 1M 

orthophosphoric acid (50 µL/well) to stop the reaction. The plate was then read at 

450 nm using a plate reader. 

Absorbance values were then converted to TNF-α concentrations using Prism™ 

5.01 software. 

 

2.3.36 Determination of IL-10 concentration by ELISA. 
The concentration of IL-10 was determined using a commercially available indirect 

sandwich ELISA. 

 

An ELISA plate was coated with 100 µL/well of capture antibody in coating buffer at 

1/250 dilution. The plate was sealed and incubated at 4°C overnight. The plate was 

then washed five times with 250 µL/well wash buffer with a soak time between each 

wash of 1 min. The plate was then blotted dry and all wells were blocked with 

200 µL/well of 1X assay diluent and incubated for 1 h at 25°C The plate was 

washed and blotted dry as before. Standards (0 - 200 pg/mL) were prepared by 

diluting IL-10 stock in 1X assay diluent. Samples were either applied directly to the 

plate or diluted, if required, in 1X assay diluent. Standards and samples were 
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applied at 100 µL/well to the appropriate wells, the plate sealed and incubated 

overnight at 4°C. The plate was then washed and dried as before and 100 µL/well 

of biotinylated detector antibody diluted (1/250) in 1X assay diluent was added and 

incubated at room temperature for 1 h. The plate was then washed and dried as 

before and 100 µL/well of peroxidase labelled avidin diluted (1/250) in 1X assay 

diluent was added and incubated at 25°C for 1 h. The plate was then washed seven 

times with a soak time of 1 min between washes and blotted dry. Substrate solution 

was then added to the plate (100 µL/well) and incubated for 15 min before the 

addition of 1M orthophosphoric acid (50 µL/well) to stop the reaction. The plate was 

then read at 450 nm using a plate reader. 

Absorbance values were then converted to IL-10 concentrations using Prism™ 5.01 

software. 

 
2.3.37 U937 macrophage migration assay. 
U937 macrophages were prepared as in section 2.3.28, and harvested by scraping, 

then centrifuged at 500 g for 3 min at 25°C, and re-suspended in fresh 10 % 

HI-RPMI at ~5 X 105 cells/mL. Macrophages (75 µL) were added to the upper 

compartment of a modified Boyden chamber (HTS Transwell® permeable support) 

and treatment (235 µL) added to the lower compartment (Figure 2.2). Migration of 

cells was monitored at 4 h. Migrated cells were counted and viability tested by 

trypan blue exclusion (Section 2.3.24) and photographed using the inverted 

TE2000-U microscope system. 
 
 
2.3.38 Preparation of necrotic cell lysate (NCL). 
U937 macrophages were prepared as described in section 2.3.28, in 25 cm3 flasks. 

Flasks were incubated at 40°C (heat-treated) for 4 h then media was removed and 

cells washed twice with 10 % HI-RPMI before being harvested by scraping in fresh 

media. Cells were then subjected to repeated (3 times) freezing with liquid nitrogen 

and thawing at 25°C, before centrifugation at 13 500 g for 30 min. Centrifugation 

was repeated once more to remove cell debris. The media containing intra-cellular 

contents was then used immediately for experimental treatments. 

 

 

 



 69

 
 

Figure 2.2: Illustration of a modified Boyden chamber used for U937 
macrophage migration assay. 
(A) Macrophages are added to the top chamber, treatment to the bottom chamber. 
(B) As treatment diffuses through pores macrophages are activated and begin to 
migrate through the pores. (C) As the macrophages are further stimulated, more 
migration occurs. (D) Following treatment, the number of cells which have migrated 
through the pores are counted. The microporous membrane pore size is 8.0 µm. 
U937 macrophages are approximately 15-20 µm. 
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2.3.39 Statistical analyses. 
All statistical analyses were performed using Prism™ 5.01 (GraphPad Software 

Inc., San Diego, USA). 

All data are represented as the mean ± standard error of the mean (SEM) unless 

stated otherwise in the figure legend. Numbers of replicates (n) are shown in 

parentheses in figure legends where appropriate. 

Statistical significance of single variables was tested using the unpaired Student’s 

two-tailed t-test. Dose- or time- dependent effects were tested using one-way or 

two-way ANOVA, with appropriate post hoc multiple comparison test shown in 

parentheses in figure legends. 

 




