CHAPTER 2.
METHODS DEVELOPMENT
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Immunoprecipitation was used as the main technique for isolating AA relevant
antigens from whole human HF extract, which was then separated by 2dimensional electrophoresis, visualised by stains and progressed for analysis
with mass spectrometry.

Over the course of this project, how the

immunoprecipitation was done and the subsequent methods used to identify the
isolated antigens changed iteratively during the methods development phase,
according to the results obtained.

Along with the methods and materials

employed, this chapter describes the course of methods development in this
project, with each change of method described in its individual sub-section. The
reason for each change in method is explained at the conclusion of each subsection after presentation of the results obtained.

Serum and Hair Follicle Material

Human serum samples (normal samples and AA samples) used in this project
were from New York University Medical Center and a London Harley Street
private clinic provided to Prof. D. J. Tobin by Dermatologist Dr. D. A. Fenton.
The clinical details of individual serum donors are given in Appendix 1. All AA
sera have identifiers starting with “AA” and all normal sera have identifiers
starting with “N”. These serum samples, or IgG purified from them, were used
as the source of IgG for immunoprecipitations in this project, as detailed in each
sub-section. All AA sera AA1-AA12 and normal sera N1 to N11 were tested by
Western blotting for its reactivity with normal HF extract. AA sera 1-10 and
normal sera N1-10 were used for the final stage of the project for data
collection. The mean ages of these two groups are 39 and 28 respectively.
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The percentage of female is 90% for the AA group and 60% for the normal
group.

All normal full anagen HFs (plucked) used in this project were obtained over 3
years project period from the androgen insensitive parietal scalp of a normal
healthy 39-42 years old male.

In this way the source of HF extract was

consistent throughout the entire project. Only the HF portion was used for this
study and typically contained substantial ORS and bulb material. Only rarely
was the FP also retained after plucking. These were solubilised in 6 M urea
(Sigma-Aldrich Company Ltd., Dorset) at pH 6.5 overnight at 4ºC with 5 µL of a
protease inhibitor cocktail (Sigma-Aldrich Company Ltd., Dorset, Appendix 2)
per 1 mL of volume. A small pestle was used to crush the HF and the soluble
supernatant was collected after centrifuging 3 times (3 minutes each at 14385 g)
to separate it from the insoluble fraction. The protein content of the soluble
fraction was determined using the Bio-Rad DC Protein Assay (Bio-Rad,
Hercules, California).

This is a colorimetric assay adapted from the Lowry

assay (Lowry et al., 1951) for protein quantification.

Following the

manufacturer‟s instructions, samples were reacted in a 96-wells microtitre plate
with the reagents provided. A blue colour develops in the presence of protein
and its intensity is directly proportional to the amount of protein present. The
absorbance was read by a microplate reader at 750 nm. Dilutions of standard
BSA were used for the generation of a standard curve and using this, the
amount of proteins present in the sample was determined.
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After quantification, they were aliquoted and stored at -80°C until use. This HF
extract was then used as the source of HF-associated antigen in all the
immunoprecipitations throughout the project.

All other materials are commercially available with their sources quoted herein
or in the appropriate appendix as indicated.

2.1 IMMUNOPRECIPITATION USING IgG PURIFIED
FROM WHOLE HUMAN SERA

2.1.1 IgG Purification from Whole Alopecia Areata / Normal sera

2.1.1.1 Principle of Methodologies

IgG are purified from serum to remove any impurities in the serum which may
interfere with subsequent experiments (Cutler & Doonan, 2004b). For example,
these impurities may give rise to unwanted non-specific interactions and high
background during Western Blotting.

Many different methods used for the purification of IgG have been published.
Fractional Precipitation: The principle behind this method is that the solubility of
proteins change with solvent composition and pH, and that different proteins
behave differently under different conditions (Cutler, 2004b).

However, a

purification method is not specific to a particular protein and therefore rather
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than being used alone, it is widely used as an initial step prior to further
separation by chromatographic methods (Ding et al., 1997; Habeeb & Francis,
1976; Anhalt et al., 1986) (which will be described below). Ammonium sulfate is
the most commonly used salt in this application because of its properties
including high solubility in water and its low density, enabling easy separation
from protein using centrifugation (Cutler, 2004a).

The concentration of

ammonium sulfate used is usually between 35% and 50%. The yield and purity
of the purified protein are not usually mentioned in publications (Ding et al.,
1997; Habeeb & Francis, 1976; Anhalt et al., 1986) but the yield after
precipitation is usually around 70% and the purity increased only by a factor of 5
(Cutler, 2004a). Therefore, to obtain higher purity, another step must follow
which further diminishes however the final yield.

Due to this reported low

recovery and limited sample availability (maximum 5 mL of each AA serum was
available for the whole project), fractional precipitation was not used in this
project.

Chromatographic Methods: ion-exchange chromatography purifies proteins
based on salt concentration (e.g. potassium) and the pI of the protein being
purified. This is determined by the interaction between the charged amino acids
on the proteins, the charges carried by the separating columns and the charges
carried in the buffers (Cutler, 2004b). One type of widely used ion-exchange
column is diethylaminoethyl-cellulose column (DEAE-cellulose column). It has
been used on its own for the purification of IgG (Mahoney et al., 1999) and also
in combination with ammonium sulfate precipitation (Habeeb & Francis, 1976;
Gammon et al., 1980). Again the purity and recovery of IgG are often not
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mentioned in publications. The user manual of one of the products on the
market (DEAE Affi-Gel Blue Gel from Bio-Rad Laboratories) references that the
recovery at only around 55%.

Another commonly used chromatographic method is affinity chromatography.
Proteins purified using this method are purer than those separated using the
methods mentioned above, as affinity chromatography makes use of more
specific properties of the proteins, for example, antibody-antigen interactions,
rather than the more general properties such as pH or solubility (Cutler &
Doonan, 2004a). One of the commonly used agents is bacterial protein „Protein
A‟, which is isolated from the cell wall of Staphylococcal aureus. It was found to
have good binding avidity to the Fc portion of IgG molecules by Forsgren and
Sjöquist (Forsgren & Sjoquist, 1966). Protein A immobilised on a solid support
has been used in studies for affinity purification of specific antigens - by initially
attaching IgG to the Protein A solid support and then reacting the corresponding
antigens to the IgG through their specific binding.
heated to break the antibody-antigen bond.

After that the mixture is

The antigen is collected by

centrifuging down the solid support (Tobin et al., 1998b; Zillikens et al., 1997;
Tobin et al., 2003; Tobin et al., 1997b; Tobin et al., 1998a). However, Protein A
does not bind well to the human IgG subclass IgG3, probably due to its
structural difference from other subclasses (Kronvall & Williams, 1969; Recht et
al., 1981). Moreover, Protein A is not fully specific to IgG and also binds to
other Ig in the serum, for example, with IgM (Field et al., 1980) and IgA (Brunda
et al., 1979). Therefore, IgG purified using Protein A will have other Ig as
contaminants while missing out the important IgG3 subclass, which makes up to
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about 7% of IgG in human serum (Steward, 1984), and also shown to be
relevant to AA from a previous study (O‟Shea, 2003).

Protein G is a cell wall protein from group G streptococci (Bjorck & Kronvall,
1984). Like Protein A, it too binds to human IgGs through the Fc region but
binds to all the four IgG subclasses. Moreover, IgA and IgM do not bind to
Protein G and therefore, IgG purified from serum using Protein G is purer and
yields higher recovery (Bjorck & Kronvall, 1984). Protein G attached to solid
support has been used for the purification of IgG from human serum (Lefranc et
al., 2004).

It has also been used for immunoprecipitating immunologically

relevant antigens (Li et al., 2003).

In this project, Protein G bound to Sepharose support (The Millipore Montage
Antibody Purification Kit - Millipore Corporation, Massachusetts) was used for
the purification of IgG from human serum and for immunoprecipitation (SigmaAldrich Company Ltd., Dorset).

2.1.1.2 Method

The Millipore Montage Antibody Purification Kit (Millipore Corporation,
Massachusetts) was used according to the manufacturer‟s instructions for IgG
purification of AA and normal serum. 1 mL of each normal serum and 0.5 mL
for each AA serum was used for purification. Buffers and equipments quoted in
italics were supplied with the kit. A schematic diagram of IgG purification using
the Protein G column is shown in Figure 14.
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Briefly, the Protein G column (PROSEP-G media plug) was equilibrated with 10
mL of Binding Buffer A (Appendix 2) and spun at 500 x g for 5 minutes. Lipids
and lipoproteins in the serum can affect Protein G columns and they can also
co-elute with IgG (Kitsiouli et al., 2002). These need therefore, to be removed
from the serum in a step called delipidation, before starting the IgG purification.
Delipidation was done by adding 20 μL of 10% dextran sulfate (Sigma-Aldrich
Company Ltd., Dorset) (Appendix 2) and 0.5 mL of 1 M calcium chloride
(Sigma-Aldrich Company Ltd., Dorset) (Appendix 2) to each 0.5 mL of sample in
a 1.5 mL Eppendorf tube.

The contents were mixed for 15 minutes with

occasional vortexing. The tube was then spun at 10,000 x g in a microfuge for
10 minutes to precipitate the lipids. The precipitate was then discarded. The
sample was exchanged in Tris-Buffered Saline (TBS) (Appendix 2) using
Amicon Ultra-4 filter device (Millipore Corporation, Massachusetts), after prerinsing the membrane in the filter device with TBS and centrifuged at 3420 x g
until volume was approximately 1 mL.

TBS (3 mL) was then added and

centrifuged again until the volume was ~3 mL. Any debris in the sample was
removed by filtering through a Millex-GV13 Filter Unit (Millipore Corporation,
Massachusetts) with pore size of 0.22 μm to prevent blockages in the Protein G
column. The filtered sample was put into the Protein G column with equal
volume of Binding Buffer A. This was centrifuged at 100 x g for 1 mL/minute to
allow IgG binding to the Protein G column. Non-immunoglobulin components
were then washed out by adding 10 mL of Binding Buffer A and spun at 500 x g
for 2 minutes. This step was repeated once. IgG bound to the column was
eluted with Elution Buffer B (10 mL, Appendix 2) with centrifugation at 500 x g
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for 5 minutes.

Neutralization Buffer C (1.3 mL, Appendix 2) was added to

neutralise the sample.

This eluted IgG sample was then desalted and concentrated using Amicon
Ultra-15 filter device (Millipore Corporation, Massachusetts). The membrane in
the filter device was first pre-rinsed with deionised water (dH2O) and the sample
centrifuged at 3420 x g until the volume is approximately 0.5 mL.

The

concentrated sample was removed immediately into clean Eppendorfs. After
each purification, the column was regenerated by spinning at 500 x g followed
by 10 mL of Elution Buffer B for 15 minutes, and 5 mL of Binding Buffer A at
500 x g for 2 minutes. The column was stored in 5 mL Binding Buffer A at 4°C,
ready for the next purification. Each PROSEP-G media plug was used for ten
serum purifications before being finally discarded.

Washes

IgG Elution

IgG Binding

= IgG

Figure 14. Simplified diagram of IgG purification using a Protein G column.
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IgG Quantification - Ultraviolet Spectrophotometry

Ultraviolet (UV) spectrophotometry was used for quantifying the amount of IgG
in the purified IgG sample. Elution Buffer B was used to dilute 5 μL of the
sample to give a 1:100 dilution and Elution Buffer B was also used as the
reference sample.

Absorbance was measured at 280 nm, and the

concentration of the purified IgG sample was calculated using the Beer-Lambert
Law:
A = εcl
A = Absorption
ε = Molar Extinction Coefficient
c = Concentration
l = Path Length

The Molar Extinction Coefficient is 1.36 for IgG at 1 mg/mL (Page & Thorpe,
1996). Path length of the cuvette is 1.2 cm.
Therefore concentration is:

A
A
A
mg/mL


ε  l 1.36  1.2 1.632

Two readings were taken and averaged.
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2.1.2 Testing for the Presence and Immunoreactivity of IgG Purified from
Human Sera – One-Dimensional Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis

2.1.2.1 Principle of Methodologies

After purifying the IgG from human serum, one dimensional Sodium Dodecyl
Sulfate-Polyacrylamide Gel Electrophoresis (1D SDS-PAGE) with gel staining
or Western blotting was used to analyse the purity and immunoreactivity of the
product.

SDS-PAGE was developed for protein separation and Mwt estimation (Shapiro
et al., 1967).

SDS is a detergent which denatures proteins into linear

polypeptides and coats them with negative charges, thus enabling them to
separate according to their Mwt only and not charge. Smaller proteins/peptides
are more mobile and move further down the porous gel than larger proteins
(Boyer, 2000). SDS-PAGE can separate proteins of Mwt between 10 kDa and
220 kDa depending on the concentration of the gel.

Western blotting was developed by Burnette in 1981 (Burnette, 1981). This is a
method for detecting a specific protein immobilized onto a membrane, by
reacting it with its specific antibody (primary antibody). A secondary antibody,
often conjugated to a label is then used to bind to the primary antibody. During
detection of the label, a positive signal indicates the presence and location of
the particular protein on the membrane.
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Electrophoretic blotting was first

developed by Towbin and colleagues in 1979 (Towbin et al., 1979). During this
process the proteins on the gel are transferred under the influence of a current
onto a solid support and are immobilized.

Polyvinylidene difluoride (PVDF)

membranes, which binds hydrophobically to proteins (Matsudaira, 1987), were
used in this project as the solid support.

Coomassie Blue, which was first used for staining protein in acrylamide gel in
1965 (Meyer & Lamberts, 1965), and Fast Green stain which was first used for
staining polyacrylamide gels in 1970 (Gorovsky et al., 1970) and for visualising
proteins on nitrocellulose paper (Cooper & Sun, 1986), were used for this
project.

2.1.2.2 Method

The required amount of chemicals for making a 9% separation SDS-PAGE gel
were mixed together carefully without introducing any air-bubbles (Appendix 2).
This mixture was poured into a disposable plastic cassette compatible with the
XCell Mini Cell (Invitrogen Corporation, Paisley) and allowed to set for 1 hour at
room temperature (with a layer of 400 μL dH2O on top to prevent oxygenation
as oxidation could inhibit polymerisation of the gel. This was removed once the
gel was set. The stacking gel was made by pouring the mixture for 4.5% gel on
top of the separation gel until it overflows, followed by the insertion of a plastic
comb for making wells in the gel and was left to polymerise at room temperature
for 30 minutes.
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Before loading samples into the gel, proteins are denatured with βmercaptoethanol and boiling for 3 minutes (50 μL/mL of sample). A total of 100
μg of protein was loaded into each gel (50 μg for each sample if 2 samples
were analysed in a single gel). Each gel was loaded with a total of 100 μL of
sample(s), by making up the volume with Elution Buffer B. The Mwt marker
used was 5-10 μL of BenchMark Prestained Protein Ladder (Invitrogen
Corporation, Paisley) (Appendix 3). Electrophoresis was performed in a 25 mM
Tris-Glycine buffer with 0.1% SDS (Tank Buffer, Appendix 2) at 125 V for 80
minutes (Sigma-Aldrich Company Ltd., Dorset).

Proteins on the gels were visualised using SimplyBlue SafeStain (Invitrogen
Corporation, Paisley) – a water-based ready-to-use Coomassie stain (according
to user‟s manual).

Proteins on some SDS-PAGE gels were transblotted onto PVDF membranes
(Immobilon, Millipore Corporation, Massachusetts) using a wet transblot system
(XCell Mini Cell; Novex, Invitrogen Corporation, Paisley).

The proteins were

transferred at 30V constant voltages for 180 minutes with 25 mM Tris-glycine
buffer and 10% methanol.

Efficiency of protein transfer was tested once

beforehand, by staining for any residual proteins on the SDS-PAGE gel
overnight, using 0.1% Coomassie Blue stain (Bio-Rad, Hercules, California)
(Appendix 2). The gel was then destained and dried using a gel dryer (Model
583 Gel Dryer, Bio-Rad, Hercules, California). No residual proteins on the gel
were observed. Fast Green stain of 0.1% (Flatters & Garnett Ltd., Manchester)
(Appendix 2) was used for confirming the presence of sample proteins on the
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PVDF membrane. The membrane was placed into the stain for two minutes
and then destained (Appendix 2) until the background was clear and rinsed with
dH2O.

After confirming that protein transblot was successful, the membrane was
blocked in 5% non-fat milk solution (Marvel, Premier International Foods (UK)
Ltd.) (Appendix 2) for 1 hour at room temperature with gentle shaking in order to
block non-specific binding sites on the membrane. The membrane was then
rinsed five times with Phosphate Buffered Saline (PBS)/0.05% Tween 20
(Sigma-Aldrich Company Ltd., Dorset) solution (Appendix 2) and then incubated
with primary antibodies overnight at 4°C. Secondary antibodies were incubated
with the membranes for 2 hours at room temperature.

Types and concentration of antibodies used vary between experiments and are
indicated along with the results presented. A list of origins of antibodies used in
the project is given in Appendix 4. The membrane was rinsed five times with
PBS/0.05% Tween 20 solution after each incubation period. When a biotinlabelled secondary antibody was used, the PVDF membrane was further
incubated in peroxidase-conjugated avidin (ICN Biomedicals Inc. (MP
Biomedicals), Irvine, CA) for 1 hour at room temperature (dilutions varied and
are indicated individually in Results). Then the membrane was rinsed five times
with PBS and incubated in chloronaphthol chromogen substrate solution
(Appendix 2) until the protein bands were developed to desired intensity or for a
maximum of 15 minutes. The chromogen substrate solution was discarded and
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the reaction stopped by rinsing with dH2O.

Membranes were dried between

filter papers, scanned and filed in the fridge at 4°C.

For each gel/membrane, a calibration graph was drawn (using Microsoft Excel)
using the relative mobility (Rf) values of the Mwt marker bands. The Rf values
were calculated as shown in Figure 15. In each calibration graph the Rf values
were plotted against their corresponding Mwt (log Mwt) (Figure 16) and a linear
equation was obtained.

Top of gel
Band A

Mwt marker
bands

a

b
Gel

Solvent front

Rf value of band A = distant a/distant b

Figure 15. Diagram showing an example of calculation of Rf values.
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Log Mwt

y = mx + c

Rf value

Figure 16. Diagram of a simplified calibration graph.

The Rf value for each visible sample protein band (antigen) was calculated and
their Mwt calculated using the linear equation.

For example: If the Rf value of a spot/band is 2.14 and the linear equation
obtained from the calibration graph of that gel is y = -0.29x + 2.42, then by
substituting the x in the equation with the Rf value (2.14), the log Mwt of this
band (y in the equation) can be calculated, and thus the Mwt:
log Mwt = (-0.29*2.14) + 2.42
log Mwt = 1.80
Mwt = 63 kDa
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2.1.2.3 Results

Protein bands at Mwt of approximately 50 kDa and 25 kDa were detected by
SimplyBlue SafeStain (Invitrogen Corporation, Paisley) in all purified IgG
samples (e.g. Figure 17(a)). These two bands represent IgG heavy and light
chains and were confirmed by probing with IgG-specific antibodies by Western
blotting (e.g. Figure 17(b)). Other bands could be IgG fragments with other
Mwts which were formed due to denaturation. The IgG concentration purified
from each serum sample are given in Table 3.
successful,

these

samples

were

then
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used

As IgG purification proved
for

immunoprecipitation.

(a)

(b)

kDa

kDa

180

180

115

115

82

82

64

64

49

92 kDa

49

46 kDa

37

44 kDa

37
26 kDa

26

26

Mwt
marker

21 kDa
Mwt
marker

Figure 17. Analysis of IgG purified from serum N11 (a) by 1D SDS-PAGE followed by staining with SimplyBlue SafeStain (b) by 1D
SDS-PAGE followed by Western blotting (primary antibody = none; secondary antibody = Jackson Biotin-SP goat anti-human IgG
H+L (1:500); peroxidase-conjugated avidin (1:100)). The 46 kDa and 26 kDa protein bands in (a) represent the IgG heavy and light
chains, and similarly for the 44kDa and 21kDa bands in (b). The 92 kDa band in (b) is two IgG heavy chains due to incomplete
reduction.
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Table 3.

IgG concentration purified from normal and AA serum by UV

spectrophotometry.

Identifier

IgG Concentration (mg/mL)

N1

9.04

N2

6.44

N3

9.16

N4

5.45

N5

13.91

N6

6.41

N7

7.66

N8

9.37

N9

8.76

N10

9.26

N11

7.48

N12

7.05

N13

7.96

N14

10.11

N15

8.98

N16

4.69

N17

7.60

AA11

3.03

As albumin is the most abundant protein in serum, 1D SDS-PAGE followed by
Western Blotting was carried out to detect its contamination of the purified IgG
sample. Comparing to the crude serum, there is notably less albumin in the
purified IgG sample (Figure 18). To conserve the highly limited amount of AA
serum available, the immunoreactivity of IgG purified from different normal sera
was compared by using them to probe antigens of HF extract in Western
Blotting (Figure 19). Normal serum N11, which shows the strongest reactivity
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against

normal

HF

extract

proteins,

was

used

for

establishing

the

immunoprecipitation methods.

60 kDa

Whole serum

Purified IgG

Figure 18. 1D SDS-PAGE and Western Blotting of whole N13 serum and of
IgG purified from N13. (primary antibody = rabbit anti-human albumin (1:2000);
secondary antibody = biotin-conjugated bovine anti-rabbit IgG (1:500);
peroxidase-conjugated avidin (1:100)).

Blue precipitates indicate positive

probing by the anti-human albumin antibody.

The 60 kDa band is the

characteristic albumin band. Other bands are due to other patterns of
fragmentation of the albumin protein.
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N1

N2

N3

N4

N6

N7

N8

N9 N10 N11 N12 N13 N14

N15

N16 N17

Figure 19. 1D SDS-PAGE and Western Blotting of 300 μg HF extract (primary
antibody = purified IgG from N1-N4 and N6-17 normal sera (1:100); secondary
antibody = Zymed horseradish peroxidase (HRP)-conjugated goat anti-human
IgG H+L (1:100)). A variation of signal patterns is displayed by IgG purified
from different serum, with IgG purified from N11 showing the strongest signals.

2.1.3 Immunoprecipitation

2.1.3.1 Method

Protein G-Sepharose in 20% ethanol (Sigma-Aldrich Company Ltd., Dorset)
was used at a 1:1 volume ratio with each sample.

The Eppendorfs used

throughout the process were first pre-coated with 8 M urea to avoid adsorption
of protein to plastic. The beads were washed with dH2O before use and then
re-suspended in PBS, of the same bead volume. The method involved multiple
steps of washes and the separation of the beads from buffer/sample was by
centrifuging at 200 x g for 1 minute. The beads were discarded after each
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experiment.

For each experiment, whole HF extract was pre-cleared by

incubating with the Protein G beads for 1 hour at room temperature with
shaking, to remove any materials that would bind unspecifically to the beads
(Figure 20).

= Protein G Sepharose
beads
= Antigens in pre-cleared
HF extract that did not
bind non-specifically to
Protein G

Incubate,
Centrifuge

Transfer and
Keep HF
Extract
Supernatant

Protein-G
Beads

Figure 20. A diagram showing the process of HF extract pre-clearing.

The process of immunoprecipitation is shown in Figure 21. The pre-cleared HF
extract was incubated with purified IgG sample overnight at 4°C on a shaker.
This allows the formation of the IgG-HF antigen complex. This mixture was
then incubated with 1:1 volume of washed Protein G-Sepharose beads for 2
hours at room temperature with shaking for Protein G-IgG binding. Next, the
beads were washed twice with 0.5 mL of radioimmunoprecipitation assay
(RIPA) buffer (Appendix 2), once with 0.5 mL of Tris Saline Azide (TSA) buffer
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(Appendix 2) and once with 0.5 mL Tris-Cl buffer (Appendix 2). To elute the
antigens, the IgG-HF antigen bonds were broken by adding 30 μL of 8 M urea
and boiled in a water bath for 3 minutes. After centrifuging, the supernatant
was removed immediately and kept for SDS-PAGE analysis.
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= Protein G Sepharose
beads
= IgG
= Antigens in pre-cleared HF extract with no
non-specific binding to Protein G

Ag-Ab
Binding

Protein G-IgG
Binding,
Washes

Ag Elution
(Heat),
Centrifuge

Transfer and
Keep
Supernatant

Protein-G
Beads

Figure 21. A diagram showing the steps in immunoprecipitation of target antigens in HF extract using purified serum IgG.
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2.1.4

Analysis

of

Immunoprecipitates

by

Two-Dimensional

Gel

Electrophoresis

Two-dimensional (2D) gel electrophoresis was developed by O‟Farrell in 1975
(O'Farrell, 1975). This technique allows proteins in a mixture to separate into
individual spots by using two of their properties. In the first dimension, proteins
are separated according to their pI by isoelectric focusing (IEF) (Figure 22(a)).
The second dimension separates proteins according to their Mwt in a different
direction by SDS-PAGE (Figure 22 (b)).

(a)

(b)

st

1 dimension - IEF

nd

2 dimension
– SDS-PAGE

Figure 22. Diagrammatic presentation of protein separation in two-dimensional
electrophoresis (a) first dimension - IEF and (b) second dimension – SDSPAGE.

During IEF, proteins which are below their pI are positively charged and so
migrate towards the cathode, and vice versa for proteins above their pI.
Proteins at their pI carry no net charge and so do not migrate (Boyer, 2000).
IEF in immobilized pH gradients was first described by Bjellqvist and colleagues
in 1982 and provide better resolution than by using carrier ampholyte-generated
pH gradients (Bjellqvist et al., 1982).

The ZOOM® IPGRunner™ System

(Invitrogen Corporation, Paisley) was used for 2D gel electrophoresis in this
project.
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2.1.4.1 Method

Following the manufacturer‟s instructions, pre-cast immobilized pH gradient
(IPG) gels cast on a plastic backing, (ZOOM Strips pH 3-10NL; Invitrogen
Corporation, Paisley) was rehydrated for 8-16 hours inside the ZOOM
IPGRunner

Cassettes

(Invitrogen

Corporation,

Paisley)

using

the

immunoprecipitation sample (30 μL) mixed with 125 μL of sample rehydration
buffer (Appendix 2) .

At the end of the rehydration period, with the ZOOM strips still inside the
cassette, wet electrode wicks were attached to either ends of the ZOOM strips
which are exposed. Electrophoresis was carried out following manufacturer‟s
instructions, using dH2O and stepped voltage, as shown in Table 4.

Table 4. Stepped voltage regime used in IEF.

Step

Voltage (V)

Duration (minutes)

1

200

20

2

450

15

3

750

15

4

2000

30

Before proceeding to the second dimension electrophoresis, the ZOOM strips
were taken out of the cassette and equilibrated, 15 minutes each with rolling,
with 5 mL of reducing solution (Appendix 2), to cleave protein disulfide bonds,
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and then with 5 mL of alkylating solution (Appendix 2) to alkylate sulfhydryl
groups to reduce protein streaking (Shapiro et al., 1967).

Precast Novex 4-20% Tris-Glycine ZOOM Gels (Invitrogen Corporation,
Paisley) were used for SDS-PAGE. The equilibrated ZOOM Strip was placed
horizontally into the preset well of the gel (Figure 23). Approximately 400 μL of
0.5% agarose solution (Sigma-Aldrich Company Ltd., Dorset) was then added
to the well and allowed to solidify, thereby anchoring the ZOOM Strip in the well.
Mwt marker (5 μL for MagicMark XP Western Standard, Invitrogen Corporation,
Paisley (Appendix 3) or 10 μL for BenchMark Prestained Protein Ladder,
Invitrogen Corporation, Paisley) was loaded into the Mwt marker well.
Electrophoresis was performed at 125 V constant voltage for 90 minutes using
the Running Buffer (Invitrogen Corporation, Paisley) (Appendix 2).

ZOOM Strip
inserted into the
well horizontally
-

+

Well for
inserting ZOOM
Strip

Mwt
marker
well

Figure 23. Diagram showing how IEF ZOOM strip is inserted into pre-cast gel
during 2D gel electrophoresis.
87

Proteins on the gel were then transblotted as described before, using NuPAGE
Transfer Buffer (Appendix 2), or stained with SimplyBlue SafeStain (Invitrogen
Corporation, Paisley).

The pI of the protein detected on the gels or membranes were calculated using
a graph of ZOOM Strip pH distribution provided by the supplier (Appendix 5) as
described below, as the pH gradient on the ZOOM Strips is non-linear.

The coordinates (x and y values, see Appendix 5) of each of the 9 data points
on the graph were measured from the provided graph (Appendix 5). By using
Microsoft Excel, eight linear graphs (for points 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8
and 8-9 on the original graph) were drawn using the coordinates measured. A
linear equation for each of these graphs was obtained. See Appendix 5 for the
linear graphs and linear equations.

These eight graphs therefore, each

represent a portion of the length of the ZOOM strip and thus the corresponding
pI. The horizontal position of each detected protein spot/band on the gel was
measured (whole length of ZOOM strip is 7 cm; positive end = 0 cm, pH 3;
negative end = 7 cm, pH 9.5) and matched to one of the corresponding graphs.
The pI of the protein spot/band was then calculated using the linear equation
from that graph.
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For example: if the position of a positive spot/band is measured 2 cm from the
positive side of the strip, the linear equation from the linear graph of point 3-4
should be used for calculation. The linear equation of this graph is y = 0.64x +
3.51 (y = pI; x = horizontal position on gel).

∴ the pI of this spot/band (y) is:
(0.64 * 2 cm) + 3.51
∴ y = 4.79

2.1.4.2 Results

2D gel electrophoresis of antigens immunoprecipitated by IgG purified from N11
was stained with SimplyBlue SafeStain (Invitrogen Corporation, Paisley), as
shown in Figure 24. The bands observed have Mwt of approximately 50 and 25
kDa, resembling heavy and light chain IgG, with no obvious staining of other
proteins.
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24.

SimplyBlue

SafeStain

stained

2D

electrophoresis

gel

of

immunoprecipitate of 75 μg purified IgG from serum N11 and 245 μg HF extract.

To confirm that these were indeed IgG bands, 2D gel electrophoresis of the
immunoprecipitate was transblotted onto PVDF membrane and probed with
antibody specific for human IgG (Figure 25).

Protein bands with Mwt of

approximately 61 and 25 kDa were observed, confirming the presence of IgG in
the immunoprecipitation sample. The band at ~90 kDa could be incomplete
dissociation of two IgG heavy chains. The horizontal streaking on the gels
observed could be caused by either protein overloading, with the unexpectedly
high amount of IgG in the sample, or because of the broad pI range of IgG
(Chiodi et al., 1985).
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Figure

25.

2D

gel

electrophoresis

followed

by

Western

Blotting

of

immunoprecipitate of 75 μg purified IgG from serum N11 and 245 μg HF extract.
(Primary antibody = none; secondary antibody = Zymed HRP-conjugated goat
anti-human IgG H+L (1:100)). Visible protein bands as indicated by white
arrows. (The colour of this scan of PVDF membrane is converted to greyscale
and inverted, to give better visualisation of protein bands.)

A similar experiment was conducted with an AA serum „AA11‟, in an attempt to
immunoprecipitate a larger amount of target antigens (i.e. due to the higher titre
of AA sera for HF antigens). The immunoprecipitate was separated with 2D gel
electrophoresis followed by Western Blot, probing with purified IgG from AA11 –
the same serum that was used in the immunoprecipitation reaction to pull down
the target antigens.

Thus, in theory one should expect its binding to the

antigens on the membrane. Two protein bands with molecular weights of ~50
and 25 kDa indicative of IgG were indeed observed again (Figure 26). It was
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possible that the secondary antibody (anti-human IgG) reacted here onto IgG
eluted from the immunoprecipitation (and now transblotted ton the membrane)
as well as to the primary antibody probing the membrane.

Therefore, to

determine which was the case, another immunoprecipitation (elution using
Laemmli‟s buffer, Appendix 2) with purified IgG from AA11 was followed by 2D
gel electrophoresis and Western Blotting, but now probing with the secondary
anti-human IgG alone (i.e. and not including the AA patient IgG).

Results

confirmed that the observed protein bands with Mwt of ~50 and 25 kDa were
indeed IgG (Figure 27).

Thus, the presence of IgG in the immunoprecipitate could be masking spots of
target antigen on the SimplyBlue SafeStain stained gel. Therefore, the method
of immunoprecipitation was altered, to permanently cross-link IgG onto the
Protein G bead, so that it did not elute with the target antigen during the boiling
denaturation.
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by

Western

Blotting

of

immunoprecipitate of 73 μg purified IgG from AA11 and 245 μg HF extract.
(Primary antibody = IgG purified from AA11 (1:2.3); secondary antibody =
Zymed HRP-conjugated goat anti-human IgG H+L (1:100)).
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27.

2D

gel

electrophoresis

followed

by

Western

Blotting

of

immunoprecipitate of 73 μg purified IgG from serum AA11 and 250 μg HF
extract.

(Primary antibody = none; secondary antibody = Zymed HRP-

conjugated goat anti-human IgG H+L (1:100)).
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2.2 IMMUNOPRECIPITATION USING IgG PURIFIED FROM
WHOLE HUMAN SERUM - WITH CROSS-LINKING BETWEEN
IgG AND PROTEIN G

2.2.1 Methods

The same Protein G-Sepharose beads were used in this method, which was
essentially similar to that before without the cross-linking step (Figure 28).
Eppendorfs were pre-coated with PBS/0.65% Tween 20 (Appendix 2).

IgG

purified from serum was allowed to bind to the Protein G-Sepharose beads first
for 1 hour at room temperature with shaking. The beads were then washed
twice with 20 μL PBS/0.65% Tween 20 and then once with 20 μL 200 mM
triethanolamine (Appendix 2). After that, the beads were incubated for 1 hour at
room temperature with shaking with 20 mM dimethyl pimelidate dihydrochloride
(DMP) (Appendix 2), which cross-links IgG to Protein G. The beads were then
incubated for 15 minutes with 20 μL 50 mM Tris (Appendix 2) and washed twice
with 20 μL 50 mM glycine/0.65% Tween 20 (Appendix 2), and once with 20 μL
Washing buffer (Appendix 2).

94

= Protein G Sepharose
beads

= IgG

= Antigens in pre-cleared HF extract with no
non-specific binding to Protein G

IgG Binding,
Washes
Protein-G
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Ag Elution
(Heat),
Centrifuge

Transfer and
Keep
Supernatant

Figure 28. A diagram showing the steps of immunoprecipitation of target antigens from HF extract by purified IgG, with crosslinking.
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This mixture was then incubated with pre-cleared HF extract for 1 hour at room
temperature or overnight at 4°C with shaking, to allow for IgG-antigen binding.
After that the beads were washed 4 times with 500 μL Washing buffer, between
which the samples were spun to keep the beads at the bottom and the
supernatant Washing buffer discarded. The beads were then resuspended in
20 μL of fresh Washing buffer and boiled in a water bath for 3 minutes.

The immunoprecipitate was analysed with 1D SDS-PAGE and Western Blotting
as described before.

Proteins on some gels were stained with SimplyBlue

SafeStain (Invitrogen Corporation, Paisley), while other gels were used for
Western Blotting, to test for presence of IgG and target antigens.

2.2.2 Results

No detectable protein was observed in the SimplyBlue SafeStain stained 1D
SDS-PAGE gel of immunoprecipitate of 75 μg IgG purified from serum N11 and
250 μg of HF extract. Also from this immunoprecipitate, no IgG was detected
by Western blotting1, indicating that IgG cross-linking with Protein G-Sepharose
beads appeared to be successful. The negative results obtained by probing
N11 purified IgG-immunoprecipitated HF antigens with the serum N11 purified
IgG itself2 could be due to a number of reasons. The amount of HF antigen

1

Primary antibody = none; secondary antibody = Zymed HRP-conjugated goat
anti-human IgG H+L (1:100)
2

Primary antibody = Purified IgG from serum N11(1:12); secondary antibody =
ICN Biotin-conjugated goat anti-human IgG (1:100); peroxidase-conjugated
avidin (1:100)
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precipitated may have been below assay detection level. However, with the
already high concentration of purified IgG used for probing (1:12, maximum
concentration tried due to limited sample), the negative result may have been
caused by difficulties with the quality of the purified IgG, which could also have
affected the success of the immunoprecipitation itself.

The experiment was repeated with immunoprecipitate from an AA serum, this
time with 143 μg IgG purified from AA11 and 250 μg of HF extract. Again, the
results of probing the membrane with the AA11 purified IgG proved negative3 .

The same immunoprecipitation was repeated using the same amount of IgG
purified from AA11 serum and HF extract. This was followed by 1D SDS-PAGE
and Western Blotting4. Instead of using chromogen, a more sensitive method,
enhanced chemiluminescence (ECL) was used for protein visualisation, aiming
to detect the presence of the low amount of immunoprecipitated antigens.
Briefly, PVDF membranes were incubated with the chemiluminescence solution
(Appendix 2) for 5 minutes and then exposed in the dark to Kodak X-Omat LS
film (Sigma-Aldrich Company Ltd., Dorset) for 1 to 10 minutes. The film was
then developed by submerging in developer solution (Appendix 2) for 30
seconds, rinsed with tap water, submerged in fixer solution (Appendix 2) for 30
seconds and then rinsed clean with water. However, although the Mwt marker
(5 μL of MagicMark XP Western Standard, Invitrogen Corporation, Paisley) was
3

Primary antibody = Purified IgG from serum AA11 (1:5); secondary antibody =
ICN Biotin-conjugated goat anti-human IgG (1:100); peroxidase-conjugated
avidin (1:100)
4

Primary antibody = purified IgG from serum AA11 (1:6.2); secondary antibody
= Zymed HRP-conjugated goat anti-human IgG H+L (1:100)
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detected successfully, no antigen bands were observed. Background staining
was high on the membrane, which may be masking low antigens detection.

At this stage in the methods development I took stock of all the results obtained
to this point. So far there are several pieces of evidence which suggested that
the purified IgG samples may be contaminated, leading to the failure in
immunoprecipitation and so leading to ineffective Western Blotting probes. 1D
SDS-PAGE and Western Blotting probing with anti-albumin antibody confirmed
the presence of albumin in the sample. The inability for the purified IgG to
immunoprecipitate target antigens from HF extract may suggest that the amount
of IgG actually present in the so called „purified‟ IgG sample was low.
Furthermore, high background on the PVDF membrane observed when ECL
used as the protein visualisation method, also suggested that the purified IgG
sample was not in fact so pure.

Although Protein G has binding sites for human serum albumin (Myhre &
Kronvall, 1980), the Protein G used here has these sites deleted as indicated in
the product specifications. Therefore, the presence of albumin is present in the
final product may have been caused by incomplete washes and or residual bed
volume in the chromatography column carried over to the elution of the IgG.
The wavelength used in UV spectrophotometry for measuring IgG concentration
was 280 nm. However, other immunoglobulins and albumin also absorb at this
same wavelength (Wallevik, 1973). Therefore, the concentration may include
any albumin and other immunoglobulins as impurities. Thus amount of IgG
present at the beginning of each immuoprecipitation may have been much
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lower than was first thought. A different method of IgG quantification therefore,
which is specific for IgG alone was needed. The method chosen was „radial
immunodiffusion‟, which is described in the following section.

The low recovery of IgG from the purification process could be due to possible
losses during this multiple steps of filtering and concentration where IgG may
have become absorbed, and remain bound, to the purification devices.

Taking all these results into account, together with the limited availability of AA
sera,

I

decided

to

use

whole

serum

as

the

starting

material

for

immunoprecipitation with cross-linking, and in this way aim to increase the
amount of target HF antigens immunoprecipitated by the sera.

2.2.3 Radial Immunodiffusion – Determination of IgG Concentration

2.2.3.1 Principle of Methodologies

Radial immunodiffusion (RID) was first used for quantitatively determining
antigen concentration by Mancini and colleagues (Mancini et al., 1965). This
makes use of the property that visible precipitates are formed when antibodies
and antigens complex together. Antibody is mixed with the agar and allowed to
set. Sample wells of a uniform size are cut out in the set agar with spacing in
between. When antigen is applied to the sample well, a precipitation ring forms
radially around the well after incubation, and the size of the ring is directly
proportional to the concentration of antigen applied when the precipitation ring
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is fully developed (Figure 29).

A calibration graph of antigen concentration

against diameter of precipitation ring can be drawn by using serial dilutions of
known concentrations of the antigen. Therefore, concentrations of the same
antigen in unknown samples can be determined using this calibration graph.

This method of IgG quantification was used for both whole AA and normal sera
in this study. The amount of AA and normal sera used in the experiments
described in the following sections was determined according to these results.

Figure 29. An agarose gel plate for radial immunodiffusion assay, with
developed antibody-antigen precipitation rings.

2.2.3.2 Method

A commercially available RID kit (BINDARID, The Binding Sites, Birmingham)
was used for measuring IgG concentration. This includes a plate of agarose gel
with monospecific antibody to IgG and pre-cut sample wells, and a reference
table which details the corresponding IgG concentrations to precipitation ring
diameters, accurate to 0.1 mm.

Briefly, following the manufacturer‟s
100

instructions, 5 µL of each sample were pipetted into individual pre-cut wells in
the plate of agarose gel.

The plate was sealed and incubated at room

temperature for 48 hours which allows precipitation rings to develop to
completion.

Diameters of the rings were measured and IgG concentration

determined using the reference table provided.

2.2.3.3 Results

The IgG concentration for AA and normal sera are presented in Appendix 1.

2.3 IMMUNOPRECIPITATION USING WHOLE HUMAN SERUM WITH CROSS-LINKING BETWEEN IgG AND PROTEIN G

2.3.1 Methods

Immunoprecipitation with cross-linking was done as described above using
whole AA12 serum. The product was analysed using 1D SDS-PAGE followed
by Western Blotting.

The membrane was cut into lanes and probed with

different antibodies as labelled individually in the results section below. ECL
was used as the method for protein visualisation.
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2.3.2 Results

The antibody AE1/AE3 is specific for a number of 40-67 kDa keratins (see
References section, Mouse anti-cytokeratin AE1/AE3 monoclonal antibody) and
was used to test if any keratin was pulled down by the serum during
immunoprecipitation.

The Western blot in Figure 30 (a) shows that the

immunoprecipitation was successful, with a broad positive protein band when
re-probed with AE1/AE3 antibody.

Importantly, no IgG was detected in the

immunoprecipitate showing that the cross-linking was also successful.

This experiment was repeated using whole N11 serum for immunoprecipitation
and the results were broadly similar to that of AA12 (Figure 30 (b)). The same
results were obtained when a number of other AA and normal sera were used
for immunoprecipitation.
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Figure 30. 1D SDS-PAGE and Western Blotting of immunoprecipitate from (a) AA12 serum and (b) N11 serum, with
250 μg of HF extract. Lanes:
(1) Primary antibody = AE1/AE3; Secondary antibody = ICN Biotin-conjugated goat anti-mouse IgG
(2) Negative control - secondary antibody = ICN Biotin-conjugated goat anti-mouse IgG
(3) Negative control - secondary antibody = ICN Biotin-conjugated goat anti-human IgG
(4) Negative control - no antibody probes
All lanes were finally incubated with peroxidase-conjugated avidin before progressing to ECL.
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With the immunoprecipitation method now established, immunoprecipitation
was repeated with the same AA serum (AA12) followed by proteomics analysis
using 2D gel electrophoresis and mass spectrometry.

Two of the three proteomics strategies (Proteomics Method One and Method
Two) using 2D gel electrophoresis and mass spectrometry were used as
presented below.

2.4 PROTEOMICS METHOD ONE – 2D GEL
ELECTROPHORESIS OF IMMUNOPRECIPITATE FOLLOWED BY
MATRIX-ASSISTED LASER DESORPTION/IONIZATION-TIMEOF-FLIGHT ANALYSIS

2.4.1 Immunoprecipitation with Cross-Linking Using Whole Serum
Followed by 2D gel electrophoresis

2.4.1.1 Methods

Immunoprecipitation was done as above and the immunoprecipitate separated
by 2D gel electrophoresis. Two gels were run in parallel; one stained with
SimplyBlue SafeStain and the other with SilverQuest Silver Staining Kit
(Invitrogen Corporation, Paisley) according to manufacturer‟s instructions.
Silver staining was developed by Switzer and colleagues in 1979. It is a much
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more sensitive method than Coomassie Blue staining (detection limit 0.38 ng
and 38 ng respectively) (Switzer et al., 1979).

2.4.1.2 Results

A few protein antigen spots were detected on each gel (Figure 31 (a) and (b)).
Spots A, B and C as labelled on the two gels should mirrored each other and
have Mwt of approximately 50 kDa. On the SilverQuest Silver stained gel there
is an extra protein spot with Mwt ~30 kDa and is labelled D. With the successful
separation of these proteins by 2D gel electrophoresis, these protein spots were
cored out of the gel with a pipette tip, destained and sent to The Astbury Centre
for Structural Molecular Biology, University of Leeds, for matrix-assisted laser
desorption/ionization-time-of-flight (MALDI-TOF) mass spectrometry (MS)
analysis and protein identification, which is described below.
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Figure 31. 2D gel electrophoresis of immunoprecipitate from 62 μL of AA12
serum (i.e. 670 μg of IgG) and 250 μg of HF extract. (a) SimplyBlue SafeStain
stained gel. (b) SilverQuest Silver stained gel.
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2.4.2 MALDI-TOF Mass Spectrometry

2.4.2.1 Principle of Methodologies

The word “proteomics” was coined to follow the word “genomics”, and is used to
refer to all high-throughput studies of proteins, for example their identification,
interactions and biochemistry (Tyers & Mann, 2003). 2D gel electrophoresis
coupled with mass spectrometry has been used widely for protein profiling in
health and diseases (Person et al., 2006; van Eyk, 2001).

2D gel

electrophoresis permits separation of complex protein mixtures, allowing them
to be analysed individually by mass spectrometry.

The mass spectrometer is made up of three main components: ion source,
mass analyser and detector (Figure 32). To analyse a sample, the molecules
are ionised to a charged gas phase in the ion source and these ions are
analysed by the mass analyser, which can distinguish their mass to charge
ratios (m/z). These are detected by the detector where the data generated are
transferred to the computer for data analysis (Ashcroft, 1997).

There are

different types of ionisers and mass analysers and they are suitable for different
types of samples that require analysis.
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Figure 32. Schematic diagram of a mass spectrometer.

Protein molecules are large, involatile and fragile as they decompose easily. To
analyse them using mass spectrometry we require a method of ionisation which
can keep them intact.

MALDI is a method where by the protein sample is

crystallised with a matrix so lowering the concentration of the sample (van Eyk,
2001; Chait & Kent, 1992). When this is bombarded by a pulse laser, some of
the energy ionises the sample, but most is absorbed by the matrix, protecting
the sample from instant decomposition (Chait & Kent, 1992; Ashcroft, 1997).
The TOF analyser is usually used with MALDI as the means of separating ions.
As an ion‟s m/z is directly proportional to its velocity, TOF analyses the m/z of
ions by accelerating the ions and measuring the time each ion takes to travel
along the flight tube to reach the detector (Ashcroft, 1997).

In preparation of MALDI-TOF analysis, the protein sample is digested with an
enzyme (protease) which cleaves the protein into peptides in a specific way that
is unique to each protein. The spectra generated with a unique set of masses
are called peptide-mass fingerprints (PMF). These can be matched with entries
in protein databases using search engines (Mann et al., 2001). In this project I
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used the SwissProt database and the Mascot search engine (Matrix Science,
London, UK) for matching sample data with this database. Mascot is a fully
automated search engine with probability-based algorithms.

Taking into

account factors such as peptide sizes, mass accuracy and methods of sample
preparation, it matches the data in question with the specified database
producing a probability based score (Perkins et al., 1999). It also indicates
whether a score is significant, which is determined according to individual
cases.

Sample preparations, MALDI-TOF-MS and data analysis were done by staff in
The Astbury Centre for Structural Molecular Biology, University of Leeds. Each
SimplyBlue SafeStain stained gel spot was washed and destained with 50 mM
ammonium bicarbonate/50% (v/v) acetonitrile (ACN) for 3 times 10 minutes with
sonication in a water-bath. Each SilverQuest silver stained gel spot was first
destained using freshly prepared 50 mM sodium thiosulfate/15 mM potassium
ferricyanide for 2 times 10 minutes with sonication in a water bath, followed by
the destaining steps as described for the SimplyBlue SafeStain stained gel
spots. After that, all the gel spots were dehydrated in ACN for 5 min and then
the ACN removed and the gel spots air dried for 30 minutes. The gel spots
were then rehydrated using 25 mM ammonium bicarbonate and the protein
digested by incubation with trypsin (Promega Corporation, Wisconsin) at 37 ºC
for 18 hours. 1 μL of the peptide digest was mixed with 1 μL of matrix solution
(2 mg/mL -cyano-4-hydroxycinnamic acid (HCCA) in 0.08% trifluoroacetic acid
(TFA)/60% (v/v) ACN) and applied to a MALDI target plate. MALDI-TOF-MS
analysis was performed using the M@LDI L/R mass spectrometer (Waters
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Corporation, Massachusetts). Calibration was done using a tryptic digest of
alcohol dehydrogenase and spectra obtained for protein digest of each gel spot
were averages of at least 100 laser shots. The resulted mass spectra of trypsin
peptide digests from all the gel spots were matched against theoretical trypsin
peptide digests in the SwissProt 50.8 protein database using the Mascot search
engine (Matrix Science, London, UK). The only taxonomy searched was Homo
sapiens.
methionine

Possible modification of peptides indicated for searches were
oxidation,

cysteine

carbamidomethylation

and

propionamide

cysteine. Up to 1 trypsin miscleavage and MS tolerance of 200 ppm were
allowed during each search.

2.4.2.2 Results

Out of the 7 identified protein spots from the SimplyBlue SafeStain and
SilverQuest silver stained gels, the identities of 6 of them were found (Table 5).
All the proteins identified are keratins.

However, K1, K2, K9 and K10 are

common contaminants found in skin and dandruff (Parker et al., 1998), which
are likely to have been introduced during sample handling. Slight differences
are often observed between the calculated and experimental Mwt and pI values.
Mwt markers are only for estimation of protein Mwt, and therefore the Mwt
calculated here for the protein spots which were based on the Mwt markers, are
only approximate values. Also, natural post-translational modifications and
modifications by chemicals used during experiments could also cause the Mwt
and pI of a protein to change. Spot B of both gels were identified as K14. Spot
A of the SimplyBlue SafeStain stained gel was identified to be K16 while that of
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SilverQuest Stain was identified as K2. As a likely contaminating protein, the
presence of K2 could be masking/confusing the real identity of that protein spot.
The extreme difference between the calculated and experimental pI value for
this spot (alkaline versus acidic) also agrees with this explanation. The column
in Table 5 headed “other possible protein identities” refers to proteins that
scored lower but still close to the identified protein. All the three proteins in this
column are the common contaminating keratins and therefore could be present
in a low amount and thus were detectable in addition to the target proteins. No
positive identity was found for spot D from the SilverQuest stained gel; this may
be due to the low amount of protein present (it was not detectable by
SimplyBlue SafeStain) giving low signal-to-noise ratio and the presence of any
contaminants could further hinder the identification of the target protein.
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Table 5. Proteins identified by MALDI-TOF-MS from 2D electrophoresis gels of
immunoprecipitate of 62 μL of AA12 serum (i.e. 670 μg of IgG) and 250 μg of
HF extract. Calculated mature chain Mwt and pI of proteins were retrieved from
UniProt Knowledgebase (http://www.uniprot.org). Cal = calculated; GE = gel
electrophoresis.

Identifier

Protein
Identified

Mascot
Score*

Mwt (kDa)
Cal

GE

pI
GE

Other possible
protein identities

5.0
5.1
5.2

5.5
5.9
5.4

-

8.1
5.1
5.1
-

5.0
5.2
5.0
6.5

K1, K10
K2
-

Cal

SimplyBlue SafeStain
A
B
C

K16
K14
K9

57
69
37

51
52
62

56
56
53

SilverQuest Stain
A
B
C
D

K2
K14
K10
-

42
87
68
-

66
52
60
-

54
54
51
25

*Red indicates a significant score (p<0.05), threshold of significance = 54.

With this low number of proteins visualised in the gels and identified, the
experiment was repeated, but instead of using a immunoprecipitate, proteins in
whole HF extract was separated with 2D gel electrophoresis, as described in
the following section.
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2.5 PROTEOMICS METHOD TWO - 2D GEL ELECTROPHORESIS
OF WHOLE HAIR FOLLICLE EXTRACT
FOLLOWED BY MALDI-TOF MS ANALYSIS

2.5.1 Methods

Another experiment using 2D gel electrophoresis followed by MALDI-TOF MS
was carried out, using the facility in the Institute of Cancer Therapeutics,
University of Bradford. All proteins in the HF extracts were separated by 2D gel
electrophoresis.

Two gels were run in parallel; one gel was stained with

SimplyBlue SafeStain and the other one for Western Blotting, probing with AA
serum with immunoreactive proteins visualised with chromogen (Figure 33(a)).
The protein spots in the SimplyBlue SafeStain stained gel (Figure 33(b)), which
mirrors those observed in the corresponding Western Blot, were excised with a
pipette tip for MALDI-TOF-MS analysis (as labelled in Figure 33(a) and 33(b)).
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Figure 33. (a) 2D gel electrophoresis of 25 μg HF extract transferred onto PVDF
membrane for Western Blotting (primary antibody = serum AA5 (1:200); secondary
antibody = Jackson Biotin-SP-conjugated goat anti-human IgG (1:500); peroxidaseconjugated avidin (1:100)). (b) 2D gel electrophoresis of 25 μg HF extract and stained
with SimplyBlue SafeStain.

114

Gel spots were treated with ACN (Fisher Scientific International Company,
Loughborough) followed by 25 mM ammonium bicarbonate (Fluka and Riedelde Haën, Sigma-Aldrich Company Ltd., Buchs SG) repeatedly (4 times) to wash
away any buffers and solutions in the gel spots. After the final addition and
removal of ACN, the gel spots were left to dry at room temperature. Bovine
trypsin (Roche Diagnostics GmbH, Mannheim) was diluted with a buffer
consisting of 1:100 (v/v) of ACN and 25 mM ammonium bicarbonate.

The

proteins in the gel spots were digested into peptides by incubating with diluted
trypsin solution (in excess) at 28ºC for 22 hours.

After incubation, the gel

pieces were then treated with ACN again followed by 25 mM ammonium
bicarbonate (twice) to extract and recover peptides. The extract was lyophilized
and stored at -20ºC. When needed the lyophilized extract from each gel spot
was resuspended in 5 µL 10% ACN immediately before applying onto the MTP
target frame III (Bruker Daltonics, Massachusetts) (Figure 34). Myoglobin was
used as a positive control for trypsin digestion.
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Rows A to P

Columns 1 to 24

Figure 34. An example of a target plate used in MALDI-TOF analysis (Bruker
Daltonics, Massachusetts).

The target was cleaned as per the supplier‟s instruction. The matrix (HCCA)
(Fluka and Riedel-de Haën, Sigma-Aldrich Company Ltd., Buchs SG) was
made into a 10 mg/mL solution diluting with 0.1% TFA/80% ACN.

The

resuspended lyophilized extracts were applied onto the target using the
sandwich method by applying 0.5 µL matrix solution, followed by 0.5 µL of the
sample and finally another 0.5 µL of the matrix solution. This allows the sample
and matrix to crystallize together on the target.

The calibrant, Peptide

Calibration Standard II (Bruker Daltonics, Massachusetts) (Appendix 6), was
applied with the matrix solution onto the target in the same way.

After the sample-matrix solutions were dried, the target was loaded in to the
UltraflexTM III TOF/TOF mass spectrometer (Bruker Daltonics, Massachusetts)
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for analysis using MALDI-TOF peptide mass fingerprinting.

Calibration was

done for the mass-to-charge ratio (m/z) range of 700-4160 where spectra were
collected. Spectra obtained for each sample were averages of at least 500
laser shots. The resulted mass spectra of trypsin peptide digests for all the
samples were matched against theoretical trypsin peptide digests in the
SwissProt 52.2 protein database using the Mascot search engine (Matrix
Science, London, UK).

The only taxonomy searched was Homo sapiens;

possible modification of peptides by methionine oxidation was taken into
account and up to 1 trypsin miscleavage and MS tolerance of 100 ppm were
allowed during each search. Further analysis using MALDI-TOF/TOF tandem
mass spectrometry (MS/MS) was done on selected peptides of some samples
where spectra obtained were averages of at least 2000 laser shots. During
MS/MS analysis, only ions with the mass of the selected peptide are collided
with an inert gas leading to its fragmentation, giving characteristic MS/MS
spectra (Johnson et al., 1987).

The sequence of the fragments can be

calculated from these spectra and these are searched and matched with those
in protein databases for identification (Mann et al., 2001; de Hoog & Mann,
2004). The same protein database, search engine and search parameters were
used. The MS/MS tolerance was set at 0.7 Da.

However, high salt content in the sample led to low signal-to-noise ratio in the
spectra (Davidsson & Nilsson, 1999) (an example is shown in Appendix 7). To
improve sensitivity, the remaining of the samples were desalted and
concentrated

using

ZipTipμ-C18

pipette

tips

(Millipore

Corporation,

Massachusetts), which has a small plug of C18 chromatographic material
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packed inside the tip (Figure 35). The samples and matrix were applied onto
the target as above, with the samples eluted directly from the ZipTip μ-C18.
These desalted samples were analyzed with the same procedures and
parameters as described above.

C18 column

Figure 35. An example of the ZipTipμ-C18 pipette tips (Millipore Corporation,
Massachusetts).

2.5.2 Results

Before desalting and concentrating the trypsin-digested samples, the spectra
obtained failed to match with any proteins in the SwissProt database, apart from
trypsin digest from spot F, which was matched with K5. Analysis of the positive
myoglobin control suggests successful trypsinisation of proteins. The trypsin
digest from the blank gel area did not give spectra that matched with any
proteins in the database.

The MS spectra of the trypsin-digested samples

suggested a possibility of having very low levels of target proteins in the
samples, relative to the amount of trypsin and contaminants present. The high
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population of low molecular weight peptides also suggests these samples may
have high salt content, which could have masked the signals of the target
proteins (example in Appendix 7). Therefore the remaining trypsin digests from
the gel spots were desalted and concentrated and analysed again in an attempt
to strengthen the target protein peptide signals and remove the noise at the
lower mass (<800 Da) end of the spectra.

After desalting and concentrating the trypsin digests with the ZipTipμ-C18 pipette
tips, the MS spectra generated had less peptides detected at the lower end
spectra (example in Appendix 7). Spectra from trypsin digests of 5 of the gel
spots were matched with significant scores to proteins in the database (see
Table 6).

MS/MS was then carried out for trypsin digests of all the 9 gel spots in an
attempt to confirm the protein identities determined by the MS spectra. For
those MS spectra that did not produce positive matches with the database, an
attempt was made to identify the target protein. The peptides used in MS/MS
analysis were selected based on a number of criteria including the intensity of
the peptide peaks in the MS spectra and if there are any other peptide peaks in
their close proximity that could interfere with the quality of ion selection and thus
the final MS/MS spectrum. The peptides were also selected after comparing
them with the theoretical digest of a group of human keratins, which are
possible targets as suggested by the MS analysis. Peptide peaks which were
unique or common among the samples were identified and selected for MS/MS
analysis, as the amount of samples available was limited.
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The samples that gave a positive match with MS and/or MS/MS spectra are
listed in Table 6 along with the proposed protein, the score and the theoretical
and experimental masses of peptides.
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Table 6. List of proteins identified from 2D electrophoresis gel spots of HF extract. Calculated mature chain Mwt and pI of proteins
were retrieved from UniProt Knowledgebase (http://www.uniprot.org). Cal = calculated; GE = gel electrophoresis.

Identifier
A
B

C

D

E
F

MS Spectra
Protein
Scores
Match
K10
51
K85
52

K86
K81

K1

-

Experimental
peptide mass

MS/MS spectra
Theoretical
Protein
peptide mass
match

Mwt (kDa)
Significance
Threshold

Scores

1169.52
2007.96

1168.54
2006.98

K85
K85

27
26

10
54

968.48
968.48
2044.01
2044.01
2044.01

967.49
967.49
2042.99
2042.99
2042.99

K81
K86
K81
K83
K86

28
28
26
26
26

12
12
22
22
22

1157.51
1277.63
1277.63
1277.63
1277.63
1716.76
1890.87
1890.87
1890.87
1890.87
-

1156.58
1276.70
1276.70
1276.70
1276.70
1715.84
1889.96
1889.96
1889.96
1889.96
-

K9
K4
K7
K8
K1
K1
K5
K6a
K6b
K6c
-

27
28
28
28
28
26
27
27
27
27
-

25
42
42
42
40
89
59
59
59
59
-

50
39

70

-

G
H
I
K14
99
*Red indicates a significant score (p<0.05). Threshold of significance for MS data = 55.
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pI

Cal

GE

Cal

GE

60
56
56
56
54
55
55
54
55
54
54
66
62
57
51
54
66
66
62
60
60
60
52

67

5.1
6.3
6.3
6.3
5.6
5.5
5.5
5.6
5.5
5.3
5.6
8.2
5.2
6.3
5.5
5.5
8.2
8.2
7.6
8.1
8.1
8.1
5.1

4.8

67

61

59

59
59
59
59
47

6.5

4.8

5.1

5.4
5.5
7.2
8.1
5.2

The MS spectra database search scores were not significant for some of the
protein spots (spots B and C in Table 6).

For these samples, the MS/MS

spectra protein matches are very important in confirming the identity of the
proteins assigned by the MS spectra.

There were only a few peptide peaks in the sample from the blank spot (i.e.
excised from clear area of gel). Two of these peaks have the same m/z as
peptides generated by trypsin autolysis; two others have the same m/z as
theoretical digest of K1, which is a common keratin contaminant from skin. One
or more peptides which have the same m/z as that of K1 was/were found in all
the 9 protein spots. This concurs with the result for the blank gel spot which
indicated that K1 is present in the gel as a contaminant. However, the presence
of K1 could only be confirmed by MS and MS/MS in one of the samples (i.e.
sample D, Table 6).

In a similarly way, one or more peptide peaks with m/z matching theoretical
digests of K10 were found in all of 9 protein spots although not observed in the
blank sample. However, the presence of K10 was confirmed by MS in only one
of the protein spots (spot A, Table 6).

The identification of protein spot B as K85 was the most confident of all the
results. Its score for the MS spectra matched with K85 in the protein database
at a level very close to the confidence limit and its identity was further confirmed
by independent database searching using MS/MS of 2 different peptides.
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The identity of protein spot C is not certain, but the data was strongly
suggestive of it being K81, K83 or K86. MALDI-TOF-MS cannot distinguish
between these keratins because of the high sequence homology between them
(Appendix 8).

Protein spot D most likely contains the contaminant K1, as was demonstrated
by the high scores both in the MS and in the MS/MS data, which matched with
this keratin.

The great difference between the calculated pI of K1 and the

experimental pI for this spot also supports that K1 was present as a
contaminant. However, some MS/MS data also suggested that sample D could
also contain K9, K4, K7 and K8. This confusing profile could be caused by
addition of contaminant to either a target protein in the spot, or a mixture of
different but co-migrating proteins.

The MS data of protein spot F did not match with those in the database.
However, MS/MS analysis of some of its peptides suggests that it is K5, K6a,
K6b or K6c. Again, it cannot distinguish between these 4 keratins because of
their high sequence homology (Appendix 8).

However, the large difference

between the experimental pI value and the calculated pI of K6a, K6b and K6c
suggests these are not likely to be the protein spot‟s true identities.

MS data of protein spot I had a good score of 99 when matched with K14 in the
database.

However, with the comparatively high amount of noise in the

spectra, known contaminants in the samples, the knowledge that different
keratins can have very similar sequences, and the failure in matching any

123

MS/MS data with proteins in the database, there is the probability that the target
protein is another keratin present with a mixture of other proteins, generating a
spectrum that resembles that of K14.

Attempts to identify the target proteins in spots G and H failed; probably due to
the low amount of target protein(s) in the sample and thus the domination of
contaminants in the spectra.

The MS spectra of the protein spots were made up of signals from a mixture of
peptides derived from (a) target protein spot, (b) contaminants and (c) trypsin
autolysis.

This, along with the small amount of target proteins involved,

complicates the spectra and thus makes identification of the target protein
difficult.

2.5.3 Conclusion of Proteomics Methods Development Results

Some limitations were observed for the use of 2D gel electrophoresis followed
by MALDI-TOF MS in this project. When excising the protein spots from the
stained gel it was not possible to ensure that the spots that are cored out
mirrored exactly the spots on the Western Blotted membrane. This could lead
to the actual target protein not being excised for analysis or the wrong protein
being excised and analysed instead. Another problem with this technique is the
amount

of

sample

available

for

MALDI-TOF

analysis.

After

immunoprecipitation, the target antigens make up only a very small amount of
proteins. To further process them in 2D gel electrophoresis resulted in further
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loss of an already very low amount of protein. When separating proteins in HF
extract directly by 2D gel electrophoresis, only a restricted amount of proteins
could be used as overloading of proteins on the IEF strip leads to streaking and
thus ineffective separation of the proteins. Thus, for both methods, the amount
of protein available for MALDI-TOF analysis was very small. This reduced the
chance of positive identification, because of the unfavourable signal-to-noise
ratio in the mass spectra.

To avoid the limitations discussed here, the „shotgun approach‟ was adopted,
which did not involve the use of 2D gel electrophoresis.
immunoprecipitated

by

whole

serum

were

separated

Target antigens
using

liquid

chromatography (LC) and then analysed using MALDI-TOF/TOF directly. Not
only can larger amounts of proteins be used, all antigens immunoprecipitated by
sera can be analysed.
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2.6 PROTEOMICS METHOD THREE – IMMUNOPRECIPITATION
WITH WHOLE HAIR FOLLICLE EXTRACT AND WHOLE HUMAN
SERUM FOLLOWED BY DIRECT LC-MALDI-MS/MS ANALYSIS

2.6.1 Methods

Reverse phase LC separates molecules according to their hydrophobicity. The
peptide/protein molecules are bound to a stationary phase - column of particles
with hydrophobic chains. They are eluted off the column by changing solvent
gradient. The most hydrophilic molecules are eluted first and as the percentage
of solvent (e.g. ACN) increase, the less hydrophilic molecules are then eluted
(Schluter, 2000). After immunoprecipitation, the proteins were digested and this
complex mixture of peptides was separated by LC into fractions, which could
then be analysed by mass spectrometry.

Immunoprecipitation with cross-linking was performed using 300 μg of HF
extract and 23.3 μL of AA5 serum (i.e. 300 μg of IgG).

The method as

described above was used, but target antigens were eluted with 120 μL of
Washing buffer. 1D SDS-PAGE followed by Western Blotting was done with 20
μL of the immunoprecipitate, which showed the presence of keratins when
probed with AE1/AE3 antibody and confirmed the absence of contaminating IgG
by probing with antibody to human IgG. The rest of the immunoprecipitate (100
μL) was stored at -20°C until this Western Blotting „quality control‟ test was done
and then used for LC-MALDI-MS/MS analysis.
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The immunoprecipitate was lyophilised and resuspended in 9 μL of 8 M urea
(Sigma-Aldrich Company Ltd., Dorset) and then reduced by incubating with 1 μL
of 50 mM dithiothreitol (Sigma-Aldrich Company Ltd., Dorset) for 20 minutes at
60°C. Alkylation was carried out (in the dark) by incubating with 1 μL of 0.3 mM
iodoacetamide (Sigma-Aldrich Company Ltd., Dorset) at room temperature for
20 minutes. The sample was then diluted with 7 μL of 100 mM ammonium
bicarbonate to bring the urea concentration down to 2 M. The proteins were
digested into peptides by incubating with diluted trypsin solution (in excess) at
28ºC for 22 hours.

Myoglobin was used as a positive control for trypsin

digestion and tests showed that trypsin digest was complete. The sample was
desalted using ZipTipμ-C18 pipette tips (Millipore Corporation, Massachusetts),
lyophilised and re-solubilised in 14.5 μL 10% ACN of which 5 μL of this was
used in the rest of the experiment.

A reversed-phase LC system (Dionex Ultimate 3000, Sunnyvale, CA) with
nano-capillary C18 column of 75 μm was used (Dionex Ultimate 3000,
Sunnyvale). The peptides were separated using a gradient of solvent A/solvent
B 90%/10% to 60%/40% (Appendix 2).

The fractions were collected

automatically every 15 seconds for 84 minutes (336 fractions) by the
“PROTEINEER fc” liquid handler (Bruker Daltonics, Massachusetts), mixed with
the working matrix (HCCA) (Bruker Daltonics, Massachusetts) (Appendix 2) and
dispensed onto individual positions of the MTP AnchorChip 800-384 target plate
(Bruker Daltonics, Massachusetts). Calibrants, Peptide Calibration Standard II
(Bruker Daltonics, Massachusetts), were put onto the target manually and the
matrix co-deposited with it.
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MALDI-TOF analysis, selection of unique compound peak for MS/MS analysis,
MS/MS analysis, summation of spectral results from all the fragments and
database searches were done as described above, but with the whole process
automated (Elssner et al., 2004; Suckau et al., 2006).

The search engine

calculated the probability and the score took into account both the MS and
MS/MS data.

The database was searched only in the taxonomy of Homo

sapiens and other search parameters included are carbamidomethylation and
methionine oxidation, up to 1 trypsin miscleavage, MS tolerance of 100 ppm
and MS/MS tolerance of 0.7 Da.

2.6.2 Results

The list of proteins identified using this process is shown in Table 7. Among the
22 proteins identified, 14 of them are keratins, and 3 of them were hair specific
(K86, K85 and K31).

K1, 9 and 10 are again, possible contaminants.

Trichohyalin (THH), which is highly abundant in the HF, was also identified with
confidence. Complement C4-A precursor could possibly be a false positive for
it has a high Mwt but was identified with only one peptide sequence match with
a low score.
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Table 7. List of proteins identified by LC-MALDI-MS/MS, of immunoprecipitate
of HF extract and whole AA5 serum.

Protein Name
K14
K16
K6A
K6B
K17
K5
K1
K9
K86
K13
K85
K8
K10
K31
Trichohyalin
Beta-actin
Alpha-tubulin ubiquitous
Heat-shock protein 27
Calmodulin-like protein 3
Complement C4-A precursor
Cyclophilin A
Galectin-7

Score

Mwt [Da]

Number of
Peptides*

563
305
176
176
173
151
107
68
56
52
51
47
39
34
109
157
46
78
68
57
50
28

51589
51236
60008
59962
48076
62340
65978
62092
53466
49555
55766
53671
59483
47202
247076
41710
50120
22768
16880
192650
18001
15066

26
21
16
17
20
13
6
2
12
3
9
2
9
5
17
4
1
2
2
1
3
3

* Number of MS/MS peptides matched with the identified protein

With the successful identification of these proteins in this preliminary
experiment, this method was chosen as the method for the analysis of 10 AA
serum and 10 normal serum samples.
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