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Supplementary Materials and Methods 

Chemicals and reagents 

All chemicals and reagents used in this study were of the highest purity available and endotoxin 

free and were purchased from Sigma Aldrich (Dublin, Ireland) unless otherwise indicated. 

Plasma and neutrophil isolation   

Blood samples were collected in lithium heparin or EDTA bottles (Sarstedt-Monovette®) and 

centrifuged at 350xg for 5 min at room temperature. Plasma was aliquoted for immediate use or 

stored at 
-
80°C. For neutrophil isolation 30ml of venous blood was obtained from subjects in 

7.5ml lithium heparin tubes (Sarstedt Monovette™). The volume was made up to 40ml with 

0.9% (w/v) saline and 4ml of 10% (w/v) dextran was then added to each sample. The mixture 

was allowed to settle at room temperature for 20min to allow for sedimentation of erythrocytes. 

The supernatant containing lymphocytes was removed and underlaid with 5ml of Lymphoprep™ 

(Fresenius/Axis-Shield, Oslo). This was then centrifuged at 836g for 10min at room temperature 

(Hettich Rotina 420R centrifuge). The resultant pellet was re-suspended in 25ml de-ionised 

water for lysis of remaining erythrocytes followed by the immediate addition of an equal volume 

of 2x saline (1.8% w/v NaCl). This mixture was then centrifuged at 470g for 5min at room 

temperature. The resultant neutrophil pellet was re-suspended in 1ml PBS containing 5mM 

glucose (PBSG). Purity of isolated neutrophils was validated by flow cytometric analysis using a 

monoclonal antibody against CD16b [1, 2]. Neutrophil viability was assessed by trypan blue 

exclusion assays. Results confirmed viability and the purity of isolated neutrophils greater than 

98 %.   

For preparation of whole cell lysates, neutrophils were lysed by sonication in lysis buffer 

(150mM NaCl, 50mM TrisHCl, 1% (v/v) Triton X-100, 0.2mM NaVO4, 1mM DTT, 10mM NaF, 
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1mM EDTA and protease inhibitors) as previously described [3]. For neutrophil membrane 

isolation, cells were lysed by sonication in break buffer (10mM KCl, 3mM NaCl, 4mM MgCl2, 

10mM PIPES, 10% (w/w) sucrose, pH 7.0) with the following protease and phosphatase 

inhibitors: N-tosyl-L-lysine chloromethyl ketone hydrochloride (27 µM), 

phenylmethanesulfonyl fluoride (5.7 µM), pepstatin A (15 µM) and leupeptin (23 µM), Na3VO4 

(54 µM), NaF (238 µM), ethylenediaminetetraacetic acid (EDTA) (34 µM) and Pefabloc (42 

µM). Post nuclear supernatants were layered onto discontinuous sucrose gradients (17.5%, 35%, 

43% and 60% (w/w) sucrose in break buffer). Cytosol and plasma membranes were separated by 

ultracentrifugation at 140,000x g as previously described [4].  The plasma membrane pellet was 

re-suspended in 50l of Urea Buffer (6M urea, 2M thiourea, 10mM Tris, pH 8), snap frozen and 

stored in liquid nitrogen.   

Quantitative Label-free LC-MS/MS and data analysis for proteomics. 

Neutrophil cell membrane protein samples underwent in-solution digestion using sequencing 

grade modified trypsin (Promega) at a 1:20 enzyme:protein ratio. A Dionex Ultimate 3000 

nanoLC system (Thermo Fisher Scientific) coupled to an LTQ Orbitrap XL mass spectrometer 

(Thermo Fisher Scientific) was used for the nano LC-MS/MS analysis as previously described 

[5]. Quantitative label-free data analysis was carried out using Progenesis QI  for Proteomics 

(software version 3.1; Non-linear dynamics, a Waters company)  as described by the 

manufacturer (www.nonlinear.com). Peptide and protein identification was achieved using 

Proteome Discoverer 2.1 (Thermo Scientific) with Sequest HT, Mascot and Percolator. The data 

was searched against the NCBI Uniprot Swissprot 2017 Homo sapiens database containing 

20,148 sequences. The following search parameters were set for protein identifications: (i) 

MS/MS mass tolerance set at 0.6 Da; (ii) peptide mass tolerance set to 20 ppm; (iii) up to two 

http://www.nonlinear.com/
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missed cleavages were allowed; (iv) cysteine carbamidomethylation set as a static modification; 

(v) methionine oxidation set as a dynamic modification; (vi) MASCOT ion score set to a 

minimum of 40; (vii) Sequest HT XCorr was set at 1.9 for +1 ions, 2.2 for +2 ions and 3 for +3 

ions. Only identifications with an FDR <0.01 as determined by Percolator were imported into 

Progenesis QI for further analysis. Peptide and protein identifications generated from Proteome 

Discoverer 2.1 were imported into Progenesis QI. Proteins were considered differentially 

expressed between the experimental groups if they passed the following criteria: (i) a peptide 

ANOVA p value of ≤ 0.05 (ii) ≥ 2 unique peptides matched per protein (iii) a ≥1.5-fold change 

in abundance between samples and (iv) a protein ANOVA p-value of ≤ 0.05. 

Official Gene Symbol identifiers for all differentially expressed proteins were imported 

into the Gene Ontology enRIchment anaLysis and visuaLizAtion tool (GORILLA, http://cbl-

gorilla.cs.technion.ac.il/) [6] or the Protein ANalysis THrough Evolutionary Relationships 

(PANTHER, http://pantherdb.org/). Functional annotation clustering using GO terms was 

performed in DAVID according to biological process. A false discovery rate (FDR) analysis was 

performed using the Benjamini and Hochberg method [7]. Clusters were considered significant if 

they demonstrated an enrichment score of ≥2 with an adjusted (Benjamini) P-value of ≤0.05.   

The gene symbol identifiers for the complete proteomic dataset were used as background list. 

Standard Hyper Geometric statistics were applied. For the nth term (ranked according to p-value) 

the FDR q-value is (p-value * number of GO terms) / n. An enrichment score was calculated as 

follows: enrichment = (b/n)/(B/N) where N is total number of genes in the background list, B is 

the total number of genes associated with the specific GO term of interest, n is the number of 

genes in the target set (ie the number of differentially expressed proteins) and b is the number of 

representatives of that GO term in the target set. 
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Gel electrophoresis and Western blot analyses 

SDS-PAGE sample buffer (10x containing 0.2% (w/v) bromophenol blue, 50% (w/v) sucrose, 

1% (w/v) SDS, 1% (w/v) dithiothreitol, 200mM EDTA, 3M Tris-HCL) was added to protein 

samples, which were then subjected to SDS-PAGE under denaturing conditions. Gels were 

stained with Coomassie blue R250 for visualisation of protein banding patterns, or alternatively 

proteins were transferred onto PVDF membrane by Western blotting. PVDF membranes were 

incubated with 1μg/ml polyclonal rabbit anti-MPO antibody (Novus Biological), 0.2μg/ml 

mouse monoclonal anti-BPI antibody (Santa Cruz Biotechnology, H-10) or 1μg/ml polyclonal 

rabbit anti-PR3 antibody (Abcam, ab91181). Additional primary antibodies included 1μg/ml 

polyclonal goat anti-AAT (Abcam, Cambridge, UK), anti-GAPDH antibodies (Millipore, UK) 

and rabbit polyclonal anti Na
+
K

+
 ATPase (Abcam, ab7671). The secondary antibodies were 

HRP-linked anti-rabbit or anti-goat (Santa Cruz Biotechnology Inc.) or anti-mouse (Cell 

Signaling Technology). Protein bands were detected using Immobilon Western 

Chemiluminescent HRP Substrate solution (Millipore), and imaged using the G:BOX SynGene 

or ChemiDoc systems (Synoptics, UK; Bio-Rad, UK). Densitometry analysis was carried out 

using the GeneSnap or ImageLab programmes (Synoptics; Bio-Rad). 

Neutrophil Rac2 activation and degranulation assays 

The Abcam Rac activation kit (ab139586) was used to isolate active GTP-bound Rac from 

neutrophil lysates. This kit exploits the selective interaction of the Cdc42/Rac interactive binding 

domain (CRIB) of the effector p21 activated kinase-1 (PAK-1) with the active RacGTP 

conformation. Anti-Rac2 antibody (sc-96, Santa Cruz) was used to detect total and active GTP-

bound Rac2 in neutrophil lysates by Western blotting. Neutrophil degranulation assays were 

performed as previously described [3]. Within this set of experiments TNF (10nM) in 
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combination with fMLP (100nM) were the chosen stimuli [8], as the singular use of TNF is 

insufficient to cause exocytosis of primary granules [9], and both stimuli are relevant to airways 

disease [1, 10]. Neutrophils (1 x 10
7
/ml) were either unstimulated or stimulated with TNF 

(10nM) and fMLP (100nM) at 37
o
C in the presence or absence of AAT (2-27.5µM, Athens 

Research & Technology) and 100 µl aliquots were removed at the indicated time points (0, 5, 10 

or 20 min) and added to 4 volumes of ice cold PBS containing protease inhibitors. In a subset of 

experiments, cells (5x10
6
/ml) were treated with the Rac inhibitor (NSC23766; 50M) or DMSO 

solvent control, for 15 min, prior to stimulation. This inhibitor functions by targeting a domain 

within the small GTPase critical for guanine nucleotide exchange factor (GEF) binding [11]. 

Subsequently, cell free supernatants were harvested following centrifugation at 500 x g for 5 min 

at 4
o
C and analysed for degranulated proteins; MPO, BPI or PR3 by Western blotting. The use of 

equal cell numbers (2x10
7
/ml) in each reaction was demonstrated by identical immune band 

intensity of GAPDH in whole cell lysates of cells used per reaction. Alternatively, secreted MPO 

and NE was analysed by ELISA using a Human MPO ELISA (R&D Systems; DY3174) and a 

Human Elastase (Neutrophil ELA2) AssayMax Elisa (Assaypro, EE1001-1)according to the 

manufacturer’s instructions and as previously reported [12]. 

Fluorescence resonance energy transfer (FRET) analysis  

FRET was performed according to a protocol by Korkmaz et al (2008) [13]. Activity of 

neutrophil membrane bound NE was measured using a specific fluorescence resonance energy 

transfer (FRET) substrate (Abz-Ala-Pro-Glu-Glu-Ile-Met-Arg-Arg-Gln-EDDnp). Purified 

healthy control or AATD cells (1x10
6
 cells/ml) remained unstimulated or were activated with 

TNF (10nM) and fMLP (100nM) at 37
o
C for 20 min and were then added to the wells of a 96 

well plate in PBS (150µl). Reactions commenced with the addition of 3µl of the 1mM working 
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FRET substrate solution and fluorescence was recorded at excitation 320nm and emission 420nm 

for 10 min.   

Cytochrome c reduction / superoxide production assay 

The production of superoxide (O2
-
) by neutrophils, was measured by cytochrome c reduction 

assay [14]. Neutrophils (10
6
 / 100 μl) were suspended in cytochrome c buffer (100 µM 

cytochrome c, 0.5 mM MgCl2, 0.5 mM CaCl2, 5 mM glucose in DPBS) pre-warmed to 37°C and 

incubated for 10 min in the absence or presence of 10nM TNF [8], 5 or 25 μM AAT, or 1 μg 

PAR2 antibody (SAM-11, Santa Cruz). Cell suspensions were then distributed into wells of a 96-

well plate in the absence (unstimulated) or presence of 100 nM fMLP [8], or 250 nM NE [15] 

(Elastin Products Co.). Absorbance was recorded at 550 nm on a spectrophotometer 

(SpectraMax® M3 multi-mode microplate reader, Molecular Devices). O2
-
 concentration was 

determined on values adjusted for background and based on the extinction coefficient of reduced 

cytochrome c (2.1 x 10
4
 M

-1
 cm

-1
). Data are presented as the mean O2

- 
produced per 10
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neutrophils after 5 min.  
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