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Chapter 2: Materials and Methods


2.1 MATERIALS

The materials are listed below under the supplier’s name. 

Amyl Media (Dandenong, Vic, Australia)

Agar

Astral Scientific (Caringbah, NSW, Australia)

JetStar Mini Prep

Bacto Laboratories Pty. Ltd. (Liverpool, NSW, Australia)

BACTOTMpeptone, yeast extract

BDH Chemicals (Port Fairy, Vic, Australia)

Calcium chloride, magnesium chloride, trichloroacetic acid 

Costar (Cambridge, MI, USA)

Tissue culture-treated 96 well black microplate with clear flat bottom 

GE Healthcare Life Sciences (Castle Hill, NSW, Australia)

Disposable PD-10 Desalting Columns (Sephadex™ G-25)

Invitrogen (Melbourne, Vic, Australia)

Mark 12TM Wide Range Protein Standards

JRH Biosciences (Brooklyn, Vic, Australia)

Foetal bovine serum

Millipore (Bedford, MA, USA)

Centricon YM-10 centrifugal filter devices (molecular weight cut-off 10,000), Millex® GR 0.22 µm syringe driven filter unit, Ultrafree® -MC 0.22 µm centrifugal filter devices

MP Biomedicals (Aurora, OH, USA)
Bovine serum albumin (BSA, fraction V), guanidine hydrochloride (GuHCl)
New England BioLabs, Inc. (Arundel, Queensland, Australia)

Enterokinase (light chain of bovine enterokinase)

Pall Gelman Laboratory (MI, USA)

BioTraceTM Nitrocellulose membrane, BioTraceTM polyvinylidene fluoride (PVDF) membrane

Phenomenex (Lane Cove, NSW, Australia)

StrataTM-X cartridge (33 µm polymeric sorbent 200 mg/6mL)

Progen Industries (Darra, Qld, Australia)

Agarose

Promega (Madison, WI, USA)

CellTiter96( Aqueous Non-Radioactive Proliferation Assay, CellTiter-Blue® Cell Viability Assay, dithiothreitol (DTT), isopropyl -D-1-thiogalactopyranoside (IPTG)

Qiagen (Doncaster, Vic, Australia)
Nickel-nitriloacetic acid coupled to Sepharose CL-6B (Ni-NTA)

Sigma-Aldrich Pty. Ltd. (Castle Hill, NSW, Australia)

Acrylamide, alcohol dehydrogenase (ADH, EC 1.1.1.1, from baker’s yeast), ammonium persulfate (APS), ampicillin, bicinchoninic acid solution, bisacrylamide, bromophenol blue, casein, 4-chloro-1-naphthol, chondroitin sulfate A (from bovine trachea) Congo Red (CR), Coomassie brilliant blue R-250, Coomassie brilliant blue G, copper (II) sulfate, 4,4’-dianilino-1,1’-binaphthyl-5,5’-disulfonic acid (bis-ANS), ethidium bromide, Ficoll 70, Ficoll 400, fluorescein (FITC, isomer 1), heparan sulfate (from bovine kidney), heparin (from porcine intestinal mucosa, 17,000-19,000 Da), heparin (from porcine intestinal mucosa, average molecular weight 3,000 Da), heparin disaccharide (produced by the action of heparinase I and II), heparin-Sepharose, hydrogen peroxide, 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES), imidazole, insulin (from bovine pancreas), iodoacetamide (IAA), lysozyme (EC 3.2.1.17), from chicken egg white), -lactalbumin, -mercaptoethanol, 2-(N-morpholino)ethanesulfonic acid (MES), N-lauryl-sarcosine, naphthol blue black (Amido black), nickel sulfate, phenylmethylsulfonyl fluoride (PMSF), o-phenylenediamine (OPD), pyruvic acid, ovalbumin (grade V, from chicken egg), RPMI 1640 medium (with L-glutamine), sodium azide, sodium dodecyl sulfate, N,N,N’,N’-tetramethylethylenediamine (TEMED), thioflavin T (ThT), thymol, tricine, trifluoroacetic acid (TFA), Triton X-100, urea, zinc chloride

Silenus Laboratories (Hawthorn, Vic, Australia)

Horseradish peroxidase (HRP) (EC 1.11.1.7)-conjugated anti-rabbit IgG, HRP-conjugated anti-mouse IgG

Univar (Auburn, NSW, Australia)
Acetic acid, acetonitrile, dimethyl sulfoxide (DMSO), ethylenediamine tetraacetic acid (EDTA), ethanol (EtOH), D-glucose, glycerol, glycine, isopropanol, methanol, potassium chloride, potassium phosphate, sodium chloride, sodium citrate, sodium hydroxide, sodium hydrogen carbonate, sodium phosphate, sulfuric acid, tris-hydroxymethyl-methylamine (Tris)

Viskase Companies, Inc. (Willowbrook, Illinois, USA)
MEMBRA-CEL™ Dialysis Membranes (nominal molecular weight cut-off 14 kDa)

Whatman (Brentford, UK)

Filter paper, # 2

2.1.1 Buffers and solutions

All buffers were prepared using MilliQTM purified water (Millipore, Lane Cove, NSW, Australia). 

2.1.2 Protein and antibodies

Clusterin was purified from human serum obtained from the Red Cross Blood Bank, Sydney, Australia. Clusterin specific antibodies MAb G7 were generated as described by Murphy et al., 1998. Polyclonal anti-ovalbumin antibody was purified from the serum of an immunised rabbit by sodium sulfate fractionation and ion exchange using DEAE-Sephacel. 

2.1.3 Bacterial culture media

Bacterial cells were cultured on Luria-Bertani (LB) agar plates or in LB broth:

10 g/L casein peptone

5 g/L yeast extract

10 g/L NaCl

The medium was made up in reverse osmosis water and sterilised by autoclaving. For LB agar plate, 15 g/L agar was added prior to autoclaving. For LBamp media, ampicillin was added to a final concentration of 100 µg/mL to the cooled LB broth immediately prior to use. For LBamp plates, ampicillin was added to 100 µg/mL immediately prior to pouring. 

2.1.4 Bacterial strains

BL21 (DE3): F- ompT hsdSB (rB-mB-: an E. coli B strain) with DE3, a prophage carrying T7 RNA polymerase gene (Strategene, CA, USA)

DH5F’: F’/endA1 hsdR17 (rK-mK+) supE44 thi-1 recA1 gyrA (Nalr) relA1 (lacZYA-argF)U169 deoR (80dlac(lacZ)M15) (Bethseda Research Laboratories, MA, USA)

2.2 METHODS     

2.2.1 Agarose gel electrophoresis

Agarose gel electrophoresis was used to analyse DNA from plasmid minipreps. Samples were mixed with 1/6 volume loading dye (0.25% w/v bromophenol blue, 15% w/v Ficoll) before loading onto the gel. 1% agarose gels in TAE buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, pH 8.0) were run at 75 V for 1.5 h. Ethidium bromide was added to the gel (0.8 µg/mL) before pouring and to the anode well chamber (50 µg/mL), so that the DNA bands could be visualised under UV light. DNA digested with HindIII was used as size standards. 

2.2.2 Preparation of competent E. coli cells


Large scale cultures (500 mL) E. coli DH5 and BL21 cells were made competent by treatment with cold CaCl2 (Morrison, 1979). The competent cells were snap-frozen in 0.5 mL aliquots and stored at –80 oC until required. 

2.2.3 Transformation of E. coli 


The pET-32/trx-proIAPP plasmid, kindly donated by Aphrodite Kapurniotu (University of Tubingen, Germany) was used to transform competent E. coli DH5 cells. The plasmid was added to 100 µL freshly thawed competent cells and left on ice for 10 min. The DH5 cells were heat-shocked for 5 min at 37 oC. 200 µL LB was added to the competent cells, which were incubated for 20-40 min, long enough for one round of bacterial replication. The DH5 cells were plated on to LBamp plates and incubated at 37 oC overnight to select for DH5 containing the plasmid. The pET-32/trx-proIAPP plasmid purified from DH5 cells was used to transform competent E. coli BL21 cells in the same manner as described for DH5

2.2.4 Purification of pET 32/trx-proIAPP plasmid


A colony from transformation was used to inoculate LBamp and grown overnight with shaking. The plasmid was purified using a modified alkaline/SDS method according to the manufacturer’s instructions (Jetstar plasmid mini kit, Astral Scientific). Briefly, this involved: centrifugation of an overnight bacterial culture to pellet cells, resuspension of the cell pellet in resuspension buffer (50 mM Tris, 100 µg/mL RNase, 10 mM EDTA, pH 8.0), cell lysis using 200 mM NaOH, 1.0% w/v SDS and neutralisation using 3.1 M potassium acetate, pH 5.5. The cleared lysate was applied to an anion exchange column (Jetstar plasmid mini kit, Astral Scientific) to remove RNA and other contaminants. 

2.2.5 Overexpression of trx-proIAPP  in E. coli BL21 cells

LBamp media was inoculated with a colony of E. coli BL21 transformed with pET-32/trx-proIAPP and allowed to grow overnight at 37 oC on a rotating shaker at ~200 rpm. The overnight culture was pelleted and resuspended to give a 10% inoculum. The culture was incubated at 37 oC, ~200 rpm until the culture was in mid-log phase of growth (absorbance at 600 nm ~0.8). Production of trx-proIAPP was induced by the addition of IPTG to 1 mM. When the growth had plateaued (absorbance remained constant for 1 h) the cultures were harvested by centrifugation at 10 000 g for 10 min. The supernatant was discarded and the cell pellets stored at –20 oC until required. 

2.2.6 SDS-PAGE

(a) Sample preparation 

Bacterial cell pellets were resuspended to A600 = 20/mL in loading dye with DTT (0.5 M Tris, 20% w/v glycerol, 5% w/v SDS, 0.0005% w/v bromophenol blue, 0.1 M DTT) and boiled for 10 min. 

Samples that contained GuHCl had to be precipitated with trichloroacetic acid (TCA) to remove the GuHCl.  20-40 µL samples were mixed with water to 100 µL and 100 µL 10% (w/v) TCA was added and the mixed incubated on ice for 15 min. The precipitated protein was pelleted by centrifugation and the supernatant containing GuHCl was discarded. The pellet was washed with ice-cold ethanol, re-centrifuged and the supernatant discarded. The protein pellet was resuspended in loading dye without DTT (0.5 M Tris, 20% w/v glycerol, 5% w/v SDS, 0.0005% w/v bromophenol blue) for 3-5 min. All other samples were boiled in loading dye without DTT for 1-2 min.

(b) Tris-glycine SDS-PAGE


A Tris-glycine gel with a 12.5% (w/v) polyacrylamide (30:0.8% w/v acrylamide: bis-acrylamide) resolving gel at pH 8.8 and a 3% (w/v) polyacrylamide (30:0.8% w/v acrylamide: bis-acrylamide) stacking gel at pH 6.8 were used. The electrophoresis buffer used was 25 mM Tris, 192 mM glycine, 0.1% (w/v) SDS. The molecular standards used were MarkTM 12 standards (200, 116.3, 97.4, 66.3, 55.4, 36.5, 31, 21.5, 14.4, 6, 3.5, 2.5 kDa, Invitrogen Life Sciences). The gels were run on a Hoefer Mighty Small II apparatus for 8 x 9 cm gels (GE Healthcare) at 125 V until the loading dye reached the bottom of the gel. The protein bands were seen by staining in Coomassie blue R-250 stain (0.125% Coomassie Blue R-250, 45:45:10 (v/v) methanol: water: glacial acetic acid) for 30 min and destaining overnight in 10% (v/v) glacial acetic acid. 

(c) Tris-tricine SDS-PAGE  


A Tris-tricine gel with a 16.5% (w/v) polyacrylamide resolving gel (46.53:2.97% w/v acrylamide: bis-acrylamide), 10% (w/v) polyacrylamide spacer gel (48:1.49% w/v acrylamide: bisacrylamide) and a 4% (w/v) polyacrylamide stacker gel (48:1.49% w/v acrylamide: bisacrylamide) was used. The electrophoresis buffers were: cathode buffer (0.1 M Tris, 0.1 M tricine, 0.1% (w/v) SDS, pH 8.25) and anode buffer (0.2 M Tris, pH 8.9). The molecular weight standards used were MarkTM 12 standards. The gels were run on a Hoefer Mighty Small II apparatus for 8 x 9 cm gels (GE Healthcare) at 125 V until the loading dye reached the bottom of the gel. The gels were fixed with 10:40:50% v/v glacial acetic acid: water: methanol for 20 min, stained for 30 min with Coomassie Brilliant Blue (0.05% w/v Coomassie Brilliant Blue, 10% glacial acetic acid) and destained with 10% (v/v) glacial acetic acid.

2.2.7 Cell lysis protocols for purification under native conditions

(a) Lysis by sonication in the absence of detergents

The cell pellet was processed according to manufacturer’s instructions (Qiagen) for the purification of his-tag proteins on Ni-NTA under native conditions. The cell pellet was thawed on ice and resuspended in 5 mL per g of cell pellet in 50 mM sodium phosphate, 300 mM NaCl, 10 mM imidazole, pH 8.0.  Lysozyme was added to 1 mg/mL and incubated for 30 min on ice. The cell lysate was then microtip-sonicated in 40 mL aliquots for 10 seconds 5 times with a cooling period of 1 min on ice in between. The cell lysate was then centrifuged at 4 oC to separate the soluble fraction from the insoluble fraction. 

(b) Cell lysis by incubation with 1% Triton X-100 in the presence of PMSF

The cell pellet was thawed on ice and resuspended in 5 mL per g of cell pellet in native lysis buffer; 50 mM sodium phosphate, 300 mM NaCl, 10 mM imidazole, pH 8.0.  Lysozyme was added to 1 mg/mL and incubated for 30 min on ice. Triton X was added to 1% (v/v), DNase to 5 µg/mL and RNase to 5 µg/mL and incubated on a rotating platform for 10 min at 4 oC. The cell lysate was then centrifuged at 4 oC to separate the soluble fraction from the insoluble fraction. 

(c) Cell lysis by sonication in the presence of Triton X-100 and/or sarcosyl with protease inhibitors

The cell pellet was thawed on ice and resuspended in 50 mM Tris, 50 mM NaCl, 1 mM EDTA, 1.4 mM -mercaptoethanol, 1 mM PMSF. Sarcosyl (1% (w/v)) was added to the resuspended cells and sonicated on ice five times in 1 min bursts with at least a cooling period of 1 min in between. After the sonication Triton X-100 was added to 1% (v/v). 

Alternatively, 1% (v/v) Triton X-100 was added to the resuspended cells and sonicated five times. The cell lysate was then centrifuged at 4 oC to separate the soluble fraction from the insoluble fraction. 

2.2.8 Purification of trx-proIAPP under denaturing conditions using Ni-NTA chromatography

(a) Purification in 6 M urea

The cell pellet, containing overexpressed trx-proIAPP, was lysed by gentle stirring in 6 M urea, 20 mM Tris, 100 mM phosphate, pH 8.0 for 2 h. The lysate was centrifuged at 12000 g for 10 min. The soluble fraction loaded onto an 10 mL nickel-nitrilotriacetic acid (Ni-NTA) metal affinity column (Qiagen), equilibrated in 6 M urea, 20 mM Tris, 100 mM phosphate, pH 8.0, at a flow rate of ~0.5 mL/min. Ni-NTA binds fusion protein tagged with 6 consecutive histidine residues. The column was washed with 10 column volumes of 6 M urea, 10 mM Tris, 100 mM phosphate, pH 6.3 at a flow rate of ~0.7 mL/min. Trx-ProIAPP was eluted with 6 M urea, 10 mM Tris, 100 mM phosphate, pH 4.5.

(b) Purification in 6 M GuHCl using Ni-NTA chromatography and refolding by dilution

The cell pellet, containing overexpressed trx-proIAPP, was lysed for 1 h by gentle stirring in lysis buffer (6 M GuHCl, 10 mM Tris, 100 mM phosphate, pH 8.0). The lysate was centrifuged at 12000 g for 15 min at room temperature (RT). The soluble fraction was loaded on to a Ni-NTA column equilibrated in lysis buffer at RT. The column was washed with wash buffer (6 M GuHCl, 10 mM Tris, 100 mM phosphate, pH 6.3) until the absorbance at 280 nm was less than 0.05. Trx-proIAPP was eluted with elution buffer (6 M GuHCl, 10 mM Tris, 100 mM phosphate, pH 4.5). The Ni-NTA column was cleaned with 0.5 M NaOH and stored in 30% (v/v) ethanol (EtOH).

The trx-proIAPP in the eluate was refolded by dilution into 20 volumes of ice-cold refolding buffer (50 mM phosphate, 10 mM imidazole, 300 mM NaCl, 0.5 mM PMSF, pH 8.0). The trx-proIAPP was loaded on to a Ni-NTA column at 4 oC equilibrated in refolding buffer and eluted with 250 mM imidazole, 50 mM phosphate, 300 mM NaCl, pH 8.0.  

A significant fraction of the refolded trx-ProIAPP precipitated on the Ni-NTA column. This necessitated a more thorough cleaning than 0.5 M NaOH. The cleaning procedure, recommended by the manufacturer (Qiagen), which was used, is as follows: 2 column volumes of regeneration buffer (6 M GuHCl, 0.2 M acetic acid), 5 column volumes of water, 3 column volumes of 2% (w/v) SDS, 1 column volume 25% EtOH, 1 column volume 50% EtOH, 1 column volume 75% EtOH, 5 column volumes 100% EtOH, 1 column volume 75% EtOH, 1 column volume 50% EtOH, 1 column volume 25% EtOH, 5 column volumes water, 5 column volumes 100 mM EDTA, pH 8.0, 5 column volumes water, 2 column volumes 100 mM NiSO4, 2 column volumes water, 2 column volumes regeneration buffer and stored in 30% EtOH.

(c) Purification in 6 M GuHCl by Ni-NTA chromatography and refolding on the Ni-NTA column

The cell pellet was lysed and applied to the Ni-NTA column as described in Section 2.2.8b. After washing the column with 6 M GuHCl, 10 mM Tris, 100 mM phosphate, pH 6.3. The column was re-equilibrated in lysis buffer and cooled to 4 oC. The trx-ProIAPP was renatured on the Ni-NTA column at 4 oC with a linear gradient of 0 to 100% buffer B in buffer A over 90 min, at a flow rate of 1 mL/min, with buffer B: 20% (v/v) glycerol, 20 mM Tris, 500 mM NaCl, pH 8.0 and buffer A: lysis buffer. Trx-proIAPP was eluted with 300 mM imidazole, 20% (v/v) glycerol, 20 mM Tris, 500 mM NaCl, pH 8.0.

2.2.9 RP-HPLC protocols

(a) Purification of trx-proIAPP

Trx-proIAPP was further purified by reverse phase HPLC (RP-HPLC) using an analytical C18-column (Jupiter C18, dimensions 4.6 x 150 mm, particle size 5 µm and pore size 300 Å) (Phenomenex, Sydney, Australia). The following program was used: step 1: 10 min at 10% B in buffer A, step 2: 15 min from 10 to 60% B in buffer A; step 3: 30 min from 60 to 70% B in buffer A; step 4: 10 min 70 to 100% B in buffer A, with buffer A: 0.058% trifluoroacetic acid (TFA) in water and B: 90% acetonitrile, 0.05% TFA in water. The flow rate was 1 mL/min and detection at 215 and 280 nm. The column was cleaned using the following program: step 1: 10 min 100% B; step 2: 5 min 100 to 10% B in buffer A; step 3: 10 min 10% B in buffer A. The fusion proteins fractions were lyophilised and stored at –20 oC. 

(b) Purification of proIAPP from trx-tag 

ProIAPP was separated from the trx-tag and uncleaved trx-proIAPP by RP-HPLC using a semi-preparative C18-column (Jupiter C18, dimensions 15.0 x 250 mm, particle size 10 µm and pore size 300 Å) (Phenomenex, Sydney, Australia). The following program was used: step 1:10 min at 10% buffer B in buffer A, step 2: 5 min from 10 to 45% buffer B in buffer A; step 3: 20 min from 45 to 65% buffer B in buffer A; step 4: 5 min from 65 to 100% buffer B in buffer A: step 6: 10 min at 100% buffer B in buffer A: step 7: 5 min from 100 to 10% buffer B in buffer; buffer A being 0.058% TFA in water and buffer B: 90% acetonitrile, 0.05% TFA in water. The relevant fractions were lyophilised and stored at –20 oC. 

2.2.10 Enterokinase cleavage conditions 

(a) Optimization trials 

The Ni-NTA eluate was dialysed into enterokinase cleavage buffer (20 mM Tris, 50 mM NaCl, 2 mM CaCl2, pH 8.0). The soluble fraction of the dialysate was concentrated by ultrafiltration using a Centricon centrifugal filter unit YM-10 (Millipore), centrifuged at 5,000 g. The trx-proIAPP was tested at 2 mg/mL or 4 mg/mL. The concentrations of enterokinase tested varied from 0.05 ng/mL to 10 ng/mL. At 8 h and 20 h aliquots of the cleavage reaction were stopped by the addition of SDS-loading buffer and analysed by Tris-tricine SDS-PAGE (Section 2.2.6c).
(b) Optimized enterokinase cleavage conditions

Trx-proIAPP in 300 mM imidazole, 20% (v/v) glycerol, 20 mM Tris, 500 mM NaCl, pH 8.0 was dialysed into enterokinase cleavage buffer. Trx-proIAPP at 1 mg/mL was incubated at RT with 0.5 ng/mL enterokinase for 20 h. 0.5 mM PMSF was added to stop the cleavage reaction. 

2.2.11 Electrospray mass spectrometry


Electrospray mass spectra were recorded on a LCQ electrospray mass spectrometer (Finnigan, San Jose, CA, USA). Fractions from the RP-HPLC were directly infused at a flow rate of 3 µL/min. Data were collected in positive ion mode, and analysed using the Xcalibur software package (Finnigan).

2.2.12 Purification of proIAPP from trx-tag using Ni-NTA chromatography

The trx-proIAPP digest, was adjusted to contain 500 mM NaCl to prevent non-specific interactions with the Ni-NTA, and loaded onto a Ni-NTA column at 4 oC, equilibrated in 20 mM Tris, 500 mM NaCl, 2 mM CaCl2, pH 8.0. ProIAPP does not bind to the Ni-NTA under high ionic strength conditions. The trx-tag and uncleaved trx-proIAPP was eluted in 20 mM Tris, 50 mM NaCl, 300 mM imidazole, 2 mM CaCl2, pH 8.0.

2.2.13 Removal of buffer salts and reconcentration of proIAPP using a Strata-X column

The pH of the proIAPP flow through from the Ni-NTA column was adjusted to between 5.5 and 7.5 as suggested by the manufacturer’s instructions. A Strata-X solid phase extraction column (sorbent mass 200 mg, particle size 33 µm, pore size 90 A, column volume 6 mL), was conditioned by equilibrating the column in methanol and then equilibrated with enterokinase buffer with 500 mM NaCl adjusted to have a pH of 7, by the addition of 1/10 vol 50 mM MES, 0.02% (w/v) sodium azide, pH 5.5. The proIAPP was loaded on to the column, which was washed subsequently with 10% B in buffer A and eluted with 70% B in buffer A, with buffer A: 0.058% trifluoroacetic acid (TFA) in water and B: 90% acetonitrile, 0.05% TFA in water. ProIAPP was lyophilised and stored at – 20 oC.

2.2.14 Reconstitution of proIAPP lyophilisate


ProIAPP was reconstituted from a lyophilisate in ice-cold MQW. Any undissolved material was removed by filtering thorough a Millex® GR 0.22 µm syringe driven filter unit or Ultrafree® -MC 0.22 µm centrifugal filter device (Millipore). ProIAPP was then diluted into the appropriate buffer as specified in Figure legends. 

2.2.15 Circular dichroism spectropolarimetry

Lyophilised proIAPP was dissolved as described in Section 2.2.14 and then diluted into 10 mM phosphate, pH 7.4 or 10 mM phosphate, 150 mM sodium fluoride, pH 7.4. All buffers were prepared without chloride ions. For some experiments heparin, heparan sulfate and chondroitin sulfate were also added. In the aging experiments, proIAPP in the presence and absence of clusterin was incubated at 37 oC between scans. 

CD experiments were performed using a Jasco J-720 CD spectropolarimeter. Spectra were recorded using a 1 mm cuvette at room temperature from 260 to 184 nm using a 0.5 nm bandwidth and were the mean of at least three scans. Scans of buffer alone were subtracted from the protein spectra. The mean residue ellipticity ([]MRE; deg.cm2.dmol-1) was calculated according to equation (1):
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(1)

where  (mdeg) is the observed  ellipticity, Mr (g/mol) is the molar mass of the protein, c (g/L) is the concentration of the protein, d (cm) is the path length of the cell and NA is the number of amino acid residues in the protein. Data was analysed using SELCON3, CDSSTR and CONTINLL algorithms using reference set 7 to predict secondary structure (Sreerama and Woody, 2000). The results for regular and distorted -helix and regular and distorted -sheet were summed to give the total amount of each secondary structure. The proportions of each secondary structural element predicted by each algorithm were comparable and the results presented are the average ± the standard deviation from estimates of the three programs. 

Equation 2 was fitted to the mean residue molar ellipticity at 190 nm and 225 nm:
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(2)

where []MRE is the mean residue molar ellipticity at a given concentration of heparin, EC50 is the concentration of heparin that gives the half maximal change in molar ellipticity. Equation 2 was fitted to the data using Kaleidograph v3.6 software (Synergy Software, Reading, PA, USA).

2.2.16 Fluorescence assays

Fluorescence measurements were performed using a Varian Cary Eclipse fluorescence spectrophotometer.
(a) ThT Assays

The amyloid was quantified using a ThT assay (LeVine, 1999). The ThT assays contained proIAPP at a concentration of 37.5 µg/mL (5 µM) in 5 µM ThT in PBSaz, pH 7.4. The fluorescence was measured with an excitation wavelength of 441 nm (slit width 5 nm) and an emission wavelength of 482 nm (slit width 10 nm).  Equation 3, a simplified version of the equation used by Cohlberg et al. to analyse -synuclein amyloid formation (Cohlberg et al., 2002), was fitted to the ThT fluorescences:
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(3)

where F0  is the initial fluorescence intensity, Ff  is the final fluorescence intensity and tm is the time to 50% of maximal fluorescence. The total change in fluorescence is given by Ff – F0. The lag time is given by tm-2. The growth rate is given by 1/.

Equation 4 was fitted to the total changes in fluorescence at different heparin concentrations:
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(4)

where F is the total change in fluorescence at a particular heparin concentration and EC50 is the heparin concentration necessary to give the half maximal effect.  The fitting of equations 3 and 4 to the data was done using Kaleidograph v3.6 software (Synergy Software, Reading, PA, USA).

(b) Bis-ANS  Assays

The exposed hydrophobic surface of proIAPP was measured using bis-ANS fluorescence. Bis-ANS assays contained proIAPP at a concentration of 37.5 µg/mL (5 µM) in 5 µM bisANS in PBSaz, pH 7.4. The fluorescence was measured with an excitation wavelength of 390 nm (slit width 5 nm) and an emission wavelength of 400-600 nm (slit width 5 nm). The fitting of  equations 3 and 4 to the bis-ANS fluorescence data was carried out as described for the ThT fluorescence data in Section 2.2.16a.
2.2.17 Congo Red Spectral Assay

The binding of fibrillar proIAPP to Congo Red was measured by Congo Red Spectral Assay (Klunk et al., 1999). The assay contained 5 µM Congo Red in PBSaz, pH 7.4 in the presence and absence of up to 200 µg/mL proIAPP. Absorbance spectra were recorded from 550 nm to 350 nm in 1 cm pathlength acryl cuvettes and the absorbance contributions due to protein alone were deducted from the relevant spectra. 

2.2.18 Clusterin purification

Clusterin was purified by immunoaffinity using a G7-Sepharose column as in Pankhurst et al. (1998). G7-Sepharose was prepared by coupling the G7 monoclonal antibody to cyanogen bromide-activated Sepharose 6B-CL (GE Healthcare Life Sciences) following the manufacturer’s instructions. Human plasma was obtained from the Red Cross Blood Bank, Australia. Human plasma (typically 200 mL) was treated as follows: sodium azide was added to 0.02% (w/v) as a bacteriostat, PMSF was added to 1 mM to inhibit proteases, and calcium chloride added to 10 mM to induce clotting of the serum. Clotting was allowed to proceed overnight at 37 oC. EDTA was added to 20 mM and the clotted serum was centrifuged at 17,000 g for 20 min to remove insoluble material. The serum was the applied to the G7-Sepharose column (approximately 10 mL column volume), which had been equilibrated in PBSaz with 0.5 mM PMSF. Unbound protein was subsequently removed by washing with the same buffer. The column was then washed with 0.1% (v/v) Triton X-100 in PBSaz to remove lipoproteins and lipids bound to clusterin and then re-equilibrated with PBSaz and washed until the absorbance was less than 0.05 at 280 nm. Bound protein was eluted from the column with 2 M GuHCl, 20 mM Tris, pH 7.4. The eluate was monitored for protein by measurement of its absorbance at 280 nm. GuHCl was removed from the eluate by dialysis against PBSaz. The eluate from the G7-Sepharose column contains co-purifying IgG and this was removed by applying the dialysate to a protein G column, which was equilibrated in PBSaz. Clusterin does not bind to the protein G column and was present in the flow through fraction. The IgG was eluted from the protein G column with 0.1 M glycine, pH 2.8. SDS-PAGE analysis (Section 2.2.6a and b) was used to confirm that the purity of clusterin prepared in this fashion was typically greater than 95%. 

2.2.19 Transmission electron microscopy aggregation assay

The morphology of fibrils formed in the presence and absence of clusterin was determined using transmission electron microscopy (TEM). Fibrils were formed by incubating 500 µg/mL proIAPP in PBSaz with and without clusterin (100 µg/mL, 50 µg/mL, 25 µg/mL or 12.5 µg/mL) or with and without ovalbumin  (100 µg/mL, 50 µg/mL, 25 µg/mL or 12.5 µg/mL) at 37 oC for 10 days. Aliquots (10 µL) of the fibril preparation were adsorbed to a formvar-coated or pioloform-coated 200 mesh copper grid for 1 min, the excess blotted and allowed to air dry. The grids were stained in 1% sodium phosphotungstic acid, pH 7 for a min and the excess blotted. The specimens were examined using a Philips CM12 electron microscope (Philips, Netherlands) operating at an accelerating voltage of 120 kV.

2.2.20 TEM and immunogold labelling of clusterin

The presence of clusterin bound to amyloid fibrils was detected using immunogold labelling and EM. Aliquots (10 µL) of the fibril preparation were allowed to dry on a grid as prepared in Section 2.2.19. The grid was floated on a droplet of the appropriate solution for all subsequent steps. The grid was then blocked in 1% (w/v) BSA in PBSaz for 15 min, incubated in tissue culture supernatant containing the G7 monoclonal antibody against clusterin for 15 min, rinsed with three 1 min washes of 1% (w/v) BSA in PBSaz, incubated with an AuroProbe goat anti-mouse IgG conjugated to 10 nm gold particles diluted 1:40 in 1% (w/v) BSA in PBSaz for 15 min, rinsed with three 1 min washes of MilliQ water and negatively stained with 1% sodium phosphotungstic acid for 1 min and examined by TEM. The specimens were examined using a Philips CM12 electron microscope (Philips, The Netherlands) operating at an accelerating voltage of 120 kV.

2.2.21 Quantitation of clusterin binding to proIAPP by a direct ELISA

ProIAPP in 0.1 M NaHCO3, pH 9.0 was applied to an ELISA plate and allowed to absorb to the well surfaces of the ELISA plate by incubation for 1 h at 37 oC. Between all steps in the procedure, all the wells were washed 10 times with water. Any remaining non-specific binding sites were blocked with HDC (1% w/v heat-denatured casein, 2.7 mM thymol in PBS, pH 7.4).  Clusterin in 1% (w/v) BSA in PBSaz was applied to the plate and incubated for 1 h. Any clusterin bound non-specifically was removed by washing the plate with of 0.1%  (v/v) Triton X-100 in PBSaz, pH 7.4 with agitation with three solution changes each of 5 min. The primary antibody, monoclonal anti-clusterin antibody in the form of G7 hybridoma tissue culture supernatant, was added and incubated for 1 h. The secondary antibody, sheep anti-mouse antibody conjugated to horseradish peroxidase (Sigma) diluted 1:2000 was added and incubated for 1 h at 37 oC. The HRP substrate (2.5 mg/mL o-phenylenediamine hydrochloride, 1 µL/mL solution 6% v/v hydrogen peroxide, 50 mM citrate, 100 mM phosphate, pH 5.0) was applied to each well. The absorbance at 492 nm is proportional to the amount of bound HRP, which is proportional to bound clusterin. The absorbance at 492 nm was measured using a Labsystems Multiskan RC microplate photometer. As a control for the binding of clusterin to HDC alone, clusterin was added to wells that were coated with HDC in the absence of proIAPP, however no binding was detectable.

2.2.22 Quantitation of clusterin binding to proIAPP by competition ELISA 

Denatured lysozyme, insulin and alcohol dehydrogenase (ADH) were used as competitors of clusterin binding to proIAPP. ELISA plates were coated with lysozyme (50 µg/mL), insulin (100 µg/mL) or ADH (10 µg/mL) in 0.1 M NaHCO3, 0.02% azide, pH 9.5, by allowing the proteins to adsorb to the plate for 1 h at 37 oC. Lysozyme and insulin were denatured by incubation with 15 mM DTT, PBSaz for 30 min at 37 oC. To exclude the possibility of subsequent formation of disulfide bonds with other proteins, the plate was  then incubated with 10 mM iodoacetamide for 15 min at 37 oC. ADH was denatured by heating the coated ELISA plate at 80 oC for 1 h. Any unreacted non-specific sites were blocked with HDC for 30 min at 37 oC. 

ProIAPP was added to the plate at 50-200 µg/mL in the presence of 25-100 µg/mL clusterin in PBSaz, pH 7.4 or 1% (w/v) BSA in PBSaz, pH 7.4. To compare the effects of proIAPP on clusterin at different pHs, proIAPP and clusterin were applied to the plate in 1% (w/v) BSA in 50 mM MES, 10 mM sodium phosphate, 150 mM NaCl (MES/PBSaz) at pH 7.4 and 5.5. Clusterin was also added to the plate in the absence of proIAPP. 

Any clusterin that was bound non-specifically was removed by washing the plate with agitation for 5 min with three changes of solution. The primary antibody, monoclonal anti-clusterin antibody in the form of G7 hybridoma tissue culture supernatant, was added and incubated for 1 h. The secondary antibody, sheep anti-mouse antibody conjugated to horseradish peroxidase (Sigma-Aldrich) diluted 1:2000 was added and incubated for 1 h at 37 oC. The amount of HRP bound was detected as described in Section 2.2.21. 

500 µg/mL proIAPP was allowed to proceed down the amyloid formation pathway by incubation at 37 oC and the soluble proIAPP measured using a bicinchoninic acid assay (Section 2.2.23). However the concentration of proIAPP did not change significantly over the first 72 h after which the majority of proIAPP precipitated. ProIAPP was added to the plate at 50-200 µg/mL in the presence of 25-100 µg/mL clusterin in PBSaz, pH 7.4. Clusterin was detected as described above.

The statistical significances of the differences in the amount of clusterin bound to denatured protein in the absence of proIAPP compared to that bound in the presence of proIAPP were assessed using the Student’s t-test (unpaired data, unequal variance) using Kaleidograph v3.6 software (Synergy Software, Reading, PA, USA).

2.2.23 Bicinchoninic acid assay 

Samples of proIAPP were centrifuged at 13,000 g to remove fibrillar proIAPP. Samples (25 µL) were mixed with 200 µL bicinchoninic acid working solution (1 part 4% (w/v) CuSO4.5H20 and 50 parts bicinchoninic acid solution in a 96 well plate and incubated at 37 oC for 30 min (Smith et al., 1985). The development of a purple colour was quantified by absorbance readings at 560 nm using a Labsystems Multiskan RC microplate photometer and Labsystems Genesis v3.03 software. 

 For the time course of clusterin binding to proIAPP by competition ELISA the concentration of proIAPP remaining in solution was calculated from a standard curve constructed using BSA as a reference protein. For the determination of proIAPP remaining in solution after amyloid formation had gone to completion in the presence and absence of heparin, a stock proIAPP which had been used in the amyloid formation experiment was used, which had been kept at 4 oC for the duration of the experiment. 


Equation 5 was fitted to the concentration of proIAPP remaining in solution at different heparin concentrations:
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(5)

where C is the concentration of proIAPP remaining in solution once amyloid formation has gone to completion and EC50 is the heparin concentration necessary to give half the maximal effect. Equation 5 was fitted to the data using Kaleidograph v3.6 software (Synergy Software, Reading, PA, USA).

2.2.24 Zone electrophoresis and amido black staining and immunoblotting for clusterin

Mixtures of 500 µg/mL proIAPP in the absence of clusterin and in the presence of 12.5-100 µg/mL clusterin were incubated at 37 oC to allow amyloid to form. 100 µg/mL clusterin in the absence of proIAPP was incubated as a control. Aliquots of the proIAPP and clusterin mixtures were mixed with 1/6th volume native loading dye (25% w/v Ficoll 400, 40 Mm Tris, 20 mM EDTA, 0.05% w/v bromophenol blue, pH 8.0) and subject to electrophoresis on a 1% agarose in TAE gel at 60 V for 90 min. The samples were loaded in duplicate to allow for amido black staining and immunoblotting for clusterin. The proteins were transferred overnight to a PVDF membrane by capillary transfer. The PVDF membrane was pre-treated before use by soaking in methanol for 15 s, in MilliQ water for one min and in TAE buffer for one min. The proteins bound to the membrane were detected by staining the membrane with amido black (0.5% w/v naphthol blue black, 25% v/v isopropanol, 10% v/v glacial acetic acid) and rinsing with water to remove background stain. 

The clusterin bound to the PVDF membrane was detected by immunoblotting. The membrane was then blocked by incubation in HDC for 30 min, incubated with tissue supernatant containing G7 monoclonal antibody against clusterin for 1 h, rinsed with three 5 min washes with PBS, incubated with 1:1000 dilution of sheep anti-rabbit IgG conjugated to horseradish peroxidase (Silenius) in HDC for 1 h and rinsed with three 5 min washed with PBS. The clusterin was visualised by the addition of substrate (1 part 3 mg/mL 4-chloro-1-napthol in methanol, 5 parts PBS with 5 µL 6% v/v hydrogen peroxide/mL solution). The horseradish peroxidase catalyses the conversion of the substrate to a purple precipitate. 

2.2.25 Dot blotting 

Dot blotting for clusterin in total, soluble and insoluble fractions of clusterin and proIAPP mixtures was carried out to determine the localisation of clusterin during amyloid formation. The total samples were the uncentrifuged clusterin and proIAPP mixtures. Soluble samples were the supernatant of clusterin and proIAPP mixtures after centrifugation for 30 min at 13,000 g. Insoluble samples were the pellet of clusterin and proIAPP mixtures after being washed with PBSaz. The samples were resuspended in 2X SDS-PAGE loading dye (1 M Tris, 20% w/v glycerol, 10% w/v SDS, 0.001% w/v bromophenol blue) and boiled for 10 min. 

Dot blotting was also used to determine if clusterin and ovalbumin could bind to preformed fibrils. Fibrils were formed by incubating 750 µg/mL proIAPP in PBSaz at 37 oC for a week. The fibrils were diluted to 125, 250 and 500 µg/mL in the presence of 25 µg/mL clusterin or 25 µg/mL ovalbumin and incubated at 37 oC for 15 min. The total, soluble and insoluble samples were processed as described above. The clusterin was immunoblotted as described in Section 2.2.24.

Mixtures containing proIAPP and ovalbumin were processed in the same way as clusterin-containing samples except that the primary antibody was polyclonal anti-ovalbumin antibody and the secondary antibody was a goat anti-rabbit antibody conjugated to horseradish peroxidase.  The density of the dots was quantified using Gel Doc 2000TM software (Bio-Rad). 

2.2.26 General culture conditions for RIN-m5f cells

The rat insulinoma cell line RIN-m5f was cultured in 10% fetal calf serum, 90% RPMI 1640 medium with 2 mM L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES and 1 mM sodium pyruvate, 100 U/mL penicillin, 100 µg/mL streptomycin, 0.25 µg/mL amphotericin B. The cells were cultured at 37 oC in a humidified atmosphere with 5% CO2. 

RIN-m5f is an adherent cell line. Prior to an experiment, the cells were detached from the flasks by removing the spent medium, washing the cells in cell culture PBS (ccPBS; 10 mM sodium phosphate, 2 mM potassium phosphate, 137 mM sodium chloride and 3 mM potassium chloride) and incubating the cells in half strength cell culture PBS (5 mM sodium phosphate, 1 mM potassium phosphate, 68.5 mM sodium chloride and 1.5 mM potassium chloride; ccPBS) for 30 min at 37 oC. The cell viability was determined by trypan blue staining. The cells were resuspended in 0.07% trypan blue in RPMI 1640 without FCS and incubated for 5-15 min at room temperature. Cells were counted using a haemocytometer. Cells that excluded the trypan blue were scored as viable and cells that stained blue were scored non-viable. The cell viability had to be greater than 90% before a cell preparation was used in an experiment. 

2.2.27 Cytotoxicity of proIAPP measured by MTS

500 µg/mL proIAPP in ccPBS was aged by incubation at 37 oC under sterile conditions. Amyloid formation was monitored by ThT assay as described in Section 2.2.16a. ProIAPP diluted into cell culture medium was added to cells at a concentration of 125 µg/mL. The cells were cultured for 48 or 72 h. Cell numbers were assessed using CellTiter96( Aqueous Non-Radioactive Proliferation Assay (Promega) according to manufacturer’s instructions with the controls described in Section 2.2.28. The basis for the assay is the cellular 






















































































reduction of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethylphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) to formazan. The absorbance at 490 nm is proportional to the number of viable cells.  The absorbance was measured using a Labsystems Multiskan RC microplate photometer and Labsystems Genesis v3.03 software. 

2.2.28 Controls for cytotoxicity assays
Cells used in cytotoxicity assays were plated in 96 well plates at a density of 250,000 cells/mL (100 µL/well) with the exception of the cells for the standard curve, which were serially diluted at 31,250- 250,000 cells/mL in 5% FCS, RPMI 1640 medium with additives as described above.  The standard curve was used to determine the number of viable cells in the cytotoxicity assay. Wells containing proIAPP but without cells were set up as compound interference controls. As a negative controls 2 µL 9% (w/v) Triton X-100 was added to cells at the end of the incubation period. PBS diluted in cell culture medium was used a vehicle control. The compound interference controls and negative controls were not above background levels of cell culture media in the absence of proIAPP or cells. The addition of PBS to cells did not alter cell viability.

2.2.29 The effect of adding clusterin to proIAPP at different stages of amyloid formation   on cytotoxicity

1000 µg/mL proIAPP in ccPBS was aged by incubation and amyloid formation monitored by ThT assay. The dose-dependency of proIAPP cytotoxicity was tested by adding 31.25-500 µg/mL to cells. ProIAPP was added to cells at a concentration of 250 µg/mL in the presence and absence of 25 µg/mL, 50 µg/mL and 100 µg/mL clusterin. 100 µg/mL clusterin in the absence of proIAPP was also added to cells. Cells were cultured for 48 h or 72 h. Cell numbers were measured using CellTiterBlueTM Cell Viability Assay (Promega) according to manufacturer’s instructions with the controls described in Section 2.2.28. The basis of the assay is the cellular reduction of resazurin to the fluorescent resorufin. The fluorescence of resorufin was measured with an excitation wavelength of 560 nm (slit width 5 nm) and emission wavelength of 590 nm (slit width 5 nm) on a Varian Cary Eclipse with a platereader accessory. Cells measured in this way were plated onto black 96 well plates with clear well bottoms suitable for fluorescence measurement. 
2.2.30 The cytotoxicity of proIAPP species formed in the presence and absence of clusterin 

750 µg/mL proIAPP in PBS was incubated in the absence and presence of 25 µg/mL, 50 µg/mL and 100 µg/mL clusterin. Amyloid formation was monitored by ThT assay. The mixtures of proIAPP and clusterin were diluted into cell culture medium and added to cells to give a final concentration of 187.5 µg/mL proIAPP, 187.5 µg/mL proIAPP and 6.25 µg/mL clusterin, 187.5 µg/mL proIAPP and 12.5 µg/mL clusterin and 187.5 µg/mL proIAPP and 25 µg/mL clusterin respectively. 25 µg/mL clusterin in the absence of proIAPP was also added to cells. Cells were cultured for 48 h or 72 h and cell numbers were measured as using CellTiterBlueTM Cell Viability Assay (Promega) as described in Section 2.2.28. 

2.2.31 ProIAPP binding to heparin-agarose beads 


The heparin-agarose contained 750–1000 µg heparin per mL of resin (Sigma). Aliquots of heparin-agarose (100 µL) were equilibrated in 10 mM phosphate, pH 7.4. The heparin-agarose was incubated with 500 µg/mL proIAPP (1 mL) in 10 mM sodium phosphate, pH 7.4 at RT for 15 min with shaking. The heparin-agarose was pelleted by centrifugation for 5 min at 13,000 g and the supernatant was removed. 10 µL heparin-agarose was removed to determine if there was any proIAPP bound by SDS-PAGE. The remaining heparin-agarose was washed with 10 mM sodium phosphate, pH 7.4 at RT for 15 min with shaking. The heparin-agarose was pelleted by centrifugation for 5 min at 13,000 g and the supernatant was removed. 10 µL heparin-agarose was removed to determine if there was any proIAPP bound by SDS-PAGE. The remaining heparin-agarose was washed with 1000 µg/mL heparin (1 mL) in 10 mM sodium phosphate, pH 7.4 at RT for 15 min with shaking. The heparin-agarose was pelleted by centrifugation for 5 min at 13,000 g and the supernatant was removed. 10 µL heparin-agarose was removed to determine if there was any proIAPP bound by SDS-PAGE. Samples were taken of the supernatants after incubating with proIAPP, after the wash with 10 mM sodium phosphate, pH 7.4 and after the wash with 1000 µg/mL heparin, 10 mM sodium phosphate, pH 7.4. The same experiment was also carried out using 10 mM sodium phosphate, pH 7.4 instead of 10 mM sodium phosphate, 150 mM NaCl, pH 7.4 to determine the effect of increasing the ionic strength on the interaction between heparin and proIAPP at all steps. The samples of heparin-agarose and the different supernatants were boiled in SDS-loading dye.

2.2.32 FITC-labelling of heparin 

2 mg/mL heparin, 0.1 M sodium hydrogen carbonate, pH 9 was incubated with 50 µg/mL fluorescein (FITC) overnight at RT, with stirring in the dark. Ammonium chloride was added 50 mM, and incubated for a further 2 h, stirring in the dark. Glycerol was added to 5% (v/v) and the FITC-heparin was separated from the unreacted heparin on a PD10 desalting column, equilibrated in MilliQ water (GE Biosciences). 

2.2.33 Measurement of the FITC-heparin associated with fibrillar proIAPP


125 µg/mL proIAPP was incubated in the absence of FITC-heparin and in the presence of 15.6 µg/mL and 62.5 µg/mL FITC-heparin in PBSaz at 37 oC. After 72 h the turbidity was measured to see if amyloid formation had occurred as the FITC-heparin interfered with ThT fluorescence assays. The soluble and insoluble fractions were separated by centrifugation at 13,000 g for 15 min. The insoluble fraction was resuspended in the same volume in PBSaz. The FITC-heparin in soluble, insoluble and total (uncentrifuged) fractions was measured. The fluorescence was measured with excitation wavelength at 495 nm (slit width 5 nm) and emission measured from 505-540 nm (slit width 5 nm). The fluorescence measurements were performed using a Varian Cary Eclipse fluorescence spectrophotometer.
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