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ABSTRACT

Parvalbumin, the fish major allergen, accounts for ovef 95% of clinical sympt,orﬁs in
allergic fish consumers. Impdrtantly. this allergen displays IgE cross-reactivity thus
allergic sufferers can exhibit clinical symptoms after the ingestion of noh-sensitising
fish species. In an occupational settihg, fish products have also been shown to cause -
allergic disease in fish-processing factory workers. Whether parvalbumin is a
causative allergen in this occupational environment is unknown. The aim of this study

was to .evaluate IgE reactivity to parvalbumin and other fish fillet proteins using sera |
from domestic consumers with ingestion-induced fish allergies and sera from
occupationally exposed allergic workers. In addition,‘ cross-reactivity among
parvalbumins from five highly consumed fish species in South Africa were assessed
by immunoblotting and the most cross-reactive species was characterised further.
Pilchard parvalbumin was identified as the most cross-reactive allergen in fish-
allergic consumers. The cDNA. sequence of the p form of pilchard parvalbumin was
determined. This is the first time that parvalbumin from the fish order, _Cldpeifon'nes,
has begn characterised and répresents a crucial primary step towards the generation
of a recombinant form for potenﬁal diagnostic and therapeutic use in allergic
individuals. Interestingly, sera IgE from fish-processing factory workers displayed no
binding to parvalbumin, nor any other fish fillet proteins in immunobiotting. This result
has raised several intriguing duestions. Namely, does parvalbumin lack the intrinsic
features reqdired for eliéiting allergic symptoms via inhalation and/or contact, as are
primary routes of exposure in workers? Alternatively, could causative occupational
allergens that appear to be absent in the fillet of fish occur in the enzyfn_e-rich
digestive tract or potenfially the skin of fish species? Future studies aim to addr_ess
these questions amongst others, which will contribute to preventative and therapeutic

strategies of occupational allergies in workers.




Chapter 1: INTRODUCTION
1.1 An introduction to components of the immune system

The immune response is characterised by recognition of foreign elements and their
subsequent elimination which is implemented by two arms of the immune system.
Specifically, the innate resbonse provides the first line of defence against foreign
invaders while adaptive immunity is highly specific for invading antigens and capable
of acquiring a memory for the foreign agent. The latter response can be further

classified into a cell-mediated and humoral/antibody-mediated response .

In innate immunity, phagocytic cells, including monocytes, polymorphonuclear
neutrophils and macrophages act as a primary defence against infection 2. Basophils,
mast cells and platelets mediate inflammation with the purpose of attracting
leukocytes and cytokines to the site of infection. In addition, mast cells and basophils
are fundamental effector cells in hypersensitivity reactions and allergic conditions as
well as a defence against parasites . Contributing to a protective response, natural
killer (NK) cells carry out the role of termination of specific tumour cells and virus-
infected cells while specialised leukocytes, known as eosinophils, are capable of

breaking down large extracellular parasites *.

Based on the magnitude and specificity of the response generated by components of
innate immunity, the adaptive immune system is instructed to mount a response * 6,
This regulation is in the form of growth and differentiation factors termed cytokines as
well as co-stimulatory molecules expressed on antigen presenting cells (APC) ",
Forming a bridge between the two immune responses, these phagocytic APCs, in
particular dendritic cells (DC), recognise pathogens via pattern-recognition receptors

(PRR) . Specifically, toll-ike receptors (TLR) are crucial for identification of




microbial components and activation of the immune system ''. The APCs enguilf,
process and present the foreign peptides bound to major histocompatibility complex
(MHC) molecules which stimulate a highly specialised population of cells of adaptive
immunity, namely T cells " &, Antigens that are processed through MHC class I
molecules associate with the subset of T cells carrying the CD4* marker, termed T
helper (Ty) cells, responsible for activating and aiding other components of the
immune system. The processing of antigen via class | MHCs results in stimulation of
another subpopulation of T cells possessing CD8 markers. CD8 cells primarily have
a killing function hence their title, cytotoxic T cells (CTLs) 2.

The CD4 T cell population is further divided into Ty1 and T2 subtypes based on the
cytokine environment created by APCs and PRR recognition ’. Tyl cells are
characterised by the secretion of interferon y (IFN-y), tumour necrosis factor (TNF),
interleukin (IL)-2 and granulocyte-monocyte-colony-stimuiating factor (GM-CSF).
Favouring oell-mediated immunity, the Ty1-type response is primarily responsible for
defence against protozoa and intraceliular bacteria, inflammation and macrophage
stimulation. Differentiation into T2 type cells is encouraged by the presence of IL-4
secreted by APCs exposed to allergens and helminths components. T,2 cells
produce IL4, IL-5, IL-9 and IL-13 and are central for antibody production and
increased induction of mast cells and eosinophils ® >3, Recently an additional T,17
cell subset that produces IL-17 has been recognised and may be associated with
early inflammation, autoimmunity and defense against parasites and extracellular
bacteria °. To counteract and control excessive immune responses, a CD4* T cell
population, termed regulatory T cells (Treg cells) serve to dampen responses through

production of IL-10 and transforming growth factor p (TGF-).

In addition to T celis, B cells are critical mediators of immunity. These antibody-

secreting cells are stimulated by direct recognition of the antigen through B-cell
























present in the serum will bind to this extract®™. Bound serum IgE is then detected with

radioactive- or enzyme-labelled anti-human IgE antibodies®'.

It should be noted, however, that the measurement of specific IgE in patient's serum
as an isolated assay to diagnose allergic disease is oontrov_ersial‘“" % This is due to
the fact that clinical symptoms of allergy do not always correspond with levels of
specific IgE antibody 2. Thus, additional laboratory-based methods such as the
evaluation of eosinophil activation, mast cell activation and basophil degranulation

have also been incorporated in some cases for diagnosis .

In addition, oral provocation assays can be carried out to assess clinical
manifestations in patients. To date, the double-blind placebo-controlied food
challenge (DBPCFC) is considered the benchmark for diagnosis of food allergy 5% 5.
The suspected food is administered to the patient while disguising all taste and
texture thus any subjective influence is eliminated. Carried out correctly, a positive

DBPCFC is the most reliable indicator of a food-specific allergy °'.
1.4.1 Treatment of aliergies

In terms of food allergies, the only proven therapy is still the complete elimination of
the causative allergen from a patient's diet or environment . However, allergen-
specific inmunotherapy has been proven to be a very effective clinical treatment that
limits symptoms of allergy and reduces the use of medicine in individuals in certain
cases™. In addition, a reduction iri the progression of allergic diseases has been
noted *. This procedure generally involves the administration of increasing doses of
the causati\)e allergen via subcutaneous injection but in recent times sublingual
applications have been incorporated. The immunological mechanisms of

immunotherapy are only partly defined, but it is known that treatment results in an
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increase of Ty1 related cytokines as well as induction of Ty cells. The resultant
production of IL-10 and TGF-p is thought to contribute to immunoglobulin class
switching to IgA, IgG and IgG, which compete with IgE for allergen binding™. A
resultant decrease in the amount of mast cells and the propensity to release

mediators is also thought to occur®’.

The extensive implementation of immunotherapeutic treatment has largely been
limited due to a lack of standardised parameters'®. Specifically, the quality, amount
and biological activity of the allergen extract used should be known without batch-to -
batch variation*®. This is challenging when a natural allergen source is utilised®.
However, in the last few decades, DNA technology has enabled the production of
pure recombinant allergens of a standardised quality and of unconstrained quantities

which have been utilised for diagnostic and therapeutic treatments®'.

1.4.2 Recombinant allergens

The primary step in the production of a recombinant allergen is to elucidate the full
cDNA sequence that encodes for the protein of interest. Once this has been
completed, the cDNA is inserted into an expression plasmid which can, depending on
the vector utilised, either produce a fusion or non-fusion recombinant protein (Figure
1.4). For protein expression, Escherichia coli is often utilised (particularly for non-
glycolsylated allergens) in the transformation of the engineered plasmid. Protein
expression is then induced and the protein is purified and characterised in detail. This
is particularly relevant if the recombinant allergen is destined to be used for a
diagnostic and/or therapeutic function. Several in vitro and in vivo assays must be
performed to characterise biophysical, biochemical, biological, and immunological

features *(Figure 1.7). In particular, it is important to assess IgE reactivity with sera
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from an assortment of populations to assess feasibility as a diagnostic or therapeutic
tool*®.

The use of ‘native’ recombinant allergens that maintain the primary sequence and
tertiary structure of the natural allergen can be implemented in diagnostic assays
where exact amounts of the active compound can be administered. Conversely,
these recombinants can potentially cause allergic symptoms particularly if utilised for
immunotherapeutic treatment. For these uses, hypoallergens, or modified proteins
with reduced IgE reactivity and/or increased immunogenicity have been generated.
Such allergens have been developed for the peanut allergens Ara h 2 and Ara h 3,
the major fish allergen, parvalbumin, from carp (Cyp ¢ 1), group 2 mite allergens and

the grass allergen, Phl p 5 %%,

12
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Figure 1.4 A flow diagfam representing the steps carried out in the production of a recombinant
allergen in E.coli as well as the characterisation required for its use as a diagnostic and/or
therapeutic tool (Wallner, M., et al., 2004)

1.5 Food allergens

The assortment of foods that make up the human diet is vast. However, a
corhparatively small range of foods are responsibly for eliciting a food-related allergic
reaction “°. Characteristically; food allergens are proteins or glycoproteins which vary
| between 3 and 90kDa in molecular weight and are typically very resistant to heat and

extreme pH conditions ®. Thus, conformation can be maintained during the harsh
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conditions of food preparation as well as during gastrointestinal digestion which is

important for IgE recognition and binding *°.

Approximately 5-7% of children and 1-2% of aduits suffer from food allergies. The
main food types associated with triggering such a response include peanuts, tree
nuts, cow’s milk, egg, shellfish and fish * %, Milk, egg and peanut account for the
majority of reactions in children, whereas allergic responses to fish, shelffish, tree

nuts and peanut allergy are more prominent in adults “°.

1.5.1 Fish allergy

Fish is an important source of protein, polyunsaturated fatty acids and fat-soluble
vitamins, making it a very nutritional food group ®°. A strong migration toward
healthier eating habits has resulted in increased levels of production and

oonsuhption of fish products resuiting in repeated reports of fish-associated allergy

71

Fish-related allergic responses are most prevalent in coastal areas and fish-
processing communities due to increased consumption characteristic of these areas
as well as chronic exposure to fish products in an occupational setting "2 Allergy
caused by ingestion of fish has been more widely studied and data exists for the
prevalence of fish-specific allergy in several countries ** ¢ 7 72_ For example, in the
United States approximately 2% of the adult population have been shown to display
allergic symptoms after fish ingestion “°. In Norway, 1 in 1000 individuals are affected
¢ while in Japan, as many as 20% of food allergic adults suffer from allergy to fish 2.
With regard to fish allergies in an occupational setting, comparatively less research

has been carried out 7'.
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1.6.1 Parvalbumin

The maijor fish allergen, parvalbumin, has been shown to account for over 95% of
immune hypersensitivities in people who consume fish ™ 7”7, This protein occurs in
high amounts in the white muscle of lower vertebrates and in lower amounts in the
skeletal muscle of higher vertebrates 7 ™. However, only parvalbumin from fish and

frog species have been identified as allergenic to human ™.

Like many food allergens, parvalbumin has been demonstrated to be highly stable
and resistant to heat, chemical denaturation and proteolytic enzymes 7> % 8 The
molecular weight of this pmtéin varies between 10-13kDa in different species and
has been shown to form oligomers via hydrophobic interactions in certain bird and

fish species .

Parvalbumins can be divided into two distinct phylogenetic lineages, namely an a
isoform with an isoelectric value of above 5 and a B isoform with a value of below 5
8, Other variations between lineages include sequence characteristics, metal ion
binding affinities, crystal structures, chromosomal localisation and physiological roles
67. 8. 85 Such polymorphisms appear to be species specific, age related and more
common in lower vertebrates . For example, three isoforms have been identified in
silver hake muscle ¥’ and four in frog muscle %. However, only singular isoforms
have been identified in rat %, chicken ® and rabbit muscle . The majority of
parvalbumin sequences that have been deduced from fish species belong to the B
lineage %, which are characterized by a shortened C-terminal end (commonly 109

amino acids or less) and 6 distinctive residues ®'.

Parvalbumin is hypothesized to play an important role in muscle relaxation as well as

to protect neurons and other non-muscle cells from excessive damage ** ®, This is
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achieved by binding excess calcium via a calcium-binding domain or EF-hand motif
composed of two perpendicularly placed a-helices of 8- to 10- residues and a 12-
residue interhelical loop * % %, Parvalbumin possesses three such EF-hands, two of
which can chelate Ca?* and Mg?* while the non-functional N-terminal domain forms a
cap that covers the hydrophobic surface of the protein (Figure 1.5) * %, These
calcium-binding regions have been identified as areas with a high degree of amino

acid homology and have been proposed as sequential IgE binding epitopes &' %1%,

Importantly, IgE cross-recognition of parvalbumin from various fish species has been
demonstrated 7 & 1% _This accounts for why allergic patients can display clinical
symptoms after ingestion of different species . As described previously, cross-
reactivity of allergens is largely based on amino acid homology and ultimately
conserved structure '®. Several primary sequences including cod, carp, salmon,
mackeral and hake parvalbumin, as well as the three-dimensional structures of carp,
hake and pike have been resolved and significant sequence homology has been
confirmed as well as extensive cross-reactivity ® 8- 1%, However, it has also been
demonstrated that some patients allergic to codfish are capable of consuming other
fish with no resultant allergic symptoms '®. In addition, monosensitivity to single

species such as swordfish and tropical sole have been illustrated 1% '

This phenomenon of cross-reactivity between fish species is not well characterised
and, as illustrated, several conflicting reports exist '®. Further research of this subject
is important due to the potential applications of cross-reactivity. Specifically, if a
representative: parvalbumin that displays extensive cross-recognition to IgE from
various patients could be identified it could potentially be utilised as an effective
diagnostic tool in a clinical setting. Alternatively, an altered hypoallergenic form could
prove very effective in immunotheraphy as a curative treatment ’>. Recently, a

hypoallergenic derivative of carp parvalbumin containing point mutations in both
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functional calcium-binding domains was generated. This modified allergen displayed
significantly reduced IgE-binding ability in a murine model as well as in a skin prick
test of a fish-allergic patient“. However, no data relating to the use of this
hypoallergen in immunotherapeutic treatment is available. In addition, recombinant
forms of cod, salmon and Alaska Pollack parvalbumin have been generated however
no hypoallergenic forms of these proteins have been constructed®” % '®, Use of
these clones as diagnostics in a clinical setting has also not been achieved thus far.
It is noteworthy that the majority of parvalbumins that have been investigated at this
molecular level are from fish species predominantly consumed in Europe. Thus, it
could be possible that these generated recombinants do not share extensive cross-
reactivity to fish species commonly consumed in other populations, for example in

South Africa“' 110, 111 .

Accurate knowledge of the extent of cross-reactivity between fish species could
ensure less stringent elimination diets for allergic sufferers. For example, patients
with allergic reactions to one fish species are often advised by practitioners to avoid
all fish in general. A clearer understanding could lead to a re-evaluation of wholly

eliminating a nutritional food source such as fish from a patient’s diet '®.
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hake (Merluccius merluccius), anchovy (Engraulis encrasicolus) and snoek (Thyrsites
atun) will be evaluated. These five fish species were selected based on their
commercial importance and because they are highly consumed by the South African
population. Parvalbumins from these species will be evaluated, and the most widely
recognized parvalbumin will be characterized further by isoform separation using
two-dimensional gel electrophoresis and by molecular sequencing. In addition, other

potential allergens in the crude fillet extracts of all fish will be assessed.
1.8.1 Significance of the current study

Parvalbumin has been extensively documented as a major food allergen. However,
whether this protein is a causative allergen in fish-processing factory workers is yet to
be investigated. In addition the proteins that cause disease in these workers have
been not been well characterised. Identification of the allergens involved in
occupational disease could contribute to effective prevention and treatment in
workers and others like them. In addition, subsequent characterisation could shed
light on other undefined areas of research such as how the route of exposure and the

dosage of allergen can influence occupational allergic disease

The detection of a cross-reactive, immunodominant parvalbumin has potential use as
diagnostic tool of fish allergies. In addition, the identification of a parvalbumin with
shared epitopeé could be utilised for immunotherapy to attain multiple
desensitisation. For these reasons, one of the aims of this study is to deduce the
cDNA sequence of a cross-reactive form of parvalbumin as a primary step towards
the generation of a recombinant allergen. In addition, due to the fact the all fish
species included in this study are consumed in large quantities in South Africa the
resultant recombinant parvalbumin would be specifically relevant to the South African

population.
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1.9 Summarised objectives

Specifically, this study aims to:

24

Compare differences in molecular weight, oligomeric forms and the number of
isoforms in parvalbumin between five major fish species using a monocional
anti-parvalbumin antibody in immunoblot analysis. A

Purify parvalbumin from these five fish species to ensure that identical
amounts of protein are used in serological immunoblot analyses and to
confirm specific IgE binding to parvaibumin.

Assess IgE reactivity to crude fish extract and purified parvalbumin from these
five fish species using sera from fish-allergic subjects from two groups.
Confirm or refute parvalbumin as a major allergen in both groups as well as
assess variations in IgE reactivity to other allergens in crude extracts and
purified parvalbumin from all five fish species.

Characterise parvalbumin from a fish species that exhibits extensive cross-
recognition by molecular sequencing as well as separate isoforms by two-

dimensional gel electrophoresis.



2. Methods and Materials

21 PREPARATION OF CRUDE EXTRACT AND PURIFICATION OF
NATURAL PARVALBUMIN FROM FIVE FISH SPECIES

2.1.1 Preparation of crude fish extracts

Five Osteichtyes (bony fish) species indigenous and commercially relevant to South
Africa were studied to compare any varying allergenic potential of parvalbumin and
other allergens. These fish species included pilchard (Sardinops sagax), anchovy
(Engraulis encrasicolus), hake (Merluccius meriuccius), snoek (Thyrsites atun) and
yellowtail (Seriola /alandi). Pilchard and anchovy samples were kindly donated by St.
Helena Bay Fisheries (St. Helena Bay, Western Cape) and the reméining fish
samples were attained from a local supplier of fresh fish (Texies Seafood, Mowbray,
Western Cape). Approximately 20g of raw muscle from each fish species was
excised, homogenised in 500mi of phosphate-buffered saline (PBS) and extracted
overnight (ON) at 4°C with constant gentle agitation. The crude extract was aliquoted
into amounts of 26ml and centrifuged at 6000rpm for 30 minutes at 4°C. The
supematant was collected and placed at -20 °C ON (ovemight) to separate the
protein from the fat content. The supernatant was then thawed and centrifuged at
6000rpm for 30 minutes and the intermediate layer between the pellet and lipid layer
was collected and centrifuged again under the same parameters. The supematant
was collected and sterile filtered through various filters of decreasing pore size
including 8.0um, 5.0um, 1.2um (Sartorius, Germany) and 0.45um (Millipore, USA).
Extracts were pooled and total protein concentration was estimated using a
Bicinchoninic Acid (BCA) Assay Kit (Pierce, USA) according to manufacturer's

instructions and Bovine Serum Albumin (BSA) (Pierce, USA) was used to prepare a
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standard curve. The crude fish extracts were aliquoted into 10ml fractions and stored

at -20°C until use.

2.1.2 Purification of parvalbumin

A 50ml volume of crude fish extract was aliquoted into quantities of 2ml and placed in
a heating block set at 99°C for 25 minutes. Precipitated proteins were then removed
by centrifugation at 4500rpm for 10 min at 4°C. The supematant was collected and
enriched by adding ammonium sulphate ((NH).SO,) (Sigma, Germany) to 70%
saturation at RT. Small amounts of the salt were added while continuously stirring.
After dissolution, the mixture was stirred for another 2 hours to allow complete
equilibration. Samples were then centrifuged at 13,000rpm for 15 min and
approximately 30mi of supematant was collected and dialysed (Pierce, USA) against
5 L of 10mM Tris, pH. 7,5 at 4 °C. After 12 hours the Tris dialysate was replaced with
fresh Tris solution of the same volume and the sample was left to dialyse for a further
8 hours. An Amicon centrifugal filter device (molecular weight cut off of >5kDa)
(Millipore, USA) was used to concentrate the supernatant and the protein

concentration was again determined using a BCA Assay Kit and BSA standard curve.

Approximately 12mg of protein sample in 8ml of 10mM Tris, pH. 7,5 was then applied
to a DEAE (Diethylaminoethanol) Sepharose column (2,5cm X 10cm) (Pharmacia).
Fractions were eluted with a linear salt gradient of 10mM Tris pH 7.5 and 1M NaCl,
pH 7.5. Constant flow rate was set at 1mi/min using a Minipuls 3 Gilson peristaltic
pump and fractions of 5ml were collected mechanically (Foxy Jr. collector, ISCO,
USA) over a total period of 5§ hours. In total, a volume of 300ml was eluted. The
elution profiles were detected by UV absorbance at 260nm simultaneously using a
wavelength detector (DVW-10 Variable Wavelength Detector, D-Star Instruments)

interfaced with a chromatographic data system (Ross Recorders) set at a chart
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speed of 2cm/hr. Fractions that yielded a peak were collected and absorbance
values were confirmed by analysing samples on a Nanodrop system (ND-1000
Spectrophotometer).The fractions containing protein from the same peak were
pooled and concentrated using Amicon ultra centrifugal filter tubes to a volume in the
range of 2.5ml. Concentration was then determined as previously stated and the

presence of parvalbumin was confirmed by SDS-PAGE analysis and immunoblotting.

2.1.3 Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) analysis

Protein separation was carried out by SDS-PAGE to analyze the following:
i.) total protein present in crude fish extract
ii.) proteins precipitated out after a purification step and

ili.) assessment of parvalbumin purity.
2.1.3.1 Standard SDS-PAGE procedure

The protein concentration of extracts was determined by BCA assay and diluted
accordingly in 1XPBS and sample buffer (see Appendix A). Samples were then
pulsed for 3 seconds prior to placing in a heating block set at 99°C for 10 min.
Extracts were loaded onto a polyacrylamide stacking gel and separated on a 15%
acrylamide gel alongside a molecular weight marker (Biorad Precision Plus Protein
Standard, Dual Colour, USA). Gels were electrophoresed in 1X electrophoresis
buffer (see Appendix A) at a constant voitage at 100-140V for 2-3 hours until the dye
front had run off the resolving gel. Gels were analysed by staining with Coomassie
Brilliant Blue (BDH Biochemical, England) (see Appendix A) for 1 hour at RT while
gently agitating and destained in 5% methanol and 7.5% acetic acid O/N.

Alternatively, gels were used in immunoblotting
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2.1.3.2 Analysis of crude fish extract protein by SDS-PAGE
Crude extracts of all fish species containing 25ug protein were separated as

described and visualised with Coomassie Brilliant Blue.
2.1.3.3 Analysis of loss of proteins during purification by SDS-PAGE

Samples were collected after cooking and salt precipitation and after ion-exchange
chromatography and compared to crude extract to investigate loss of total protein.

25ug of protein was used for electrophoretic separation.
2.1.3.4 Assessment of parvalbumin purity by SDS-PAGE

A final purification product containing 20ug of protein was resolved and the absence
of contaminating proteins was confirmed by developing with Coomassie Brilliant

Blue.

2.2 ANALYSIS OF IgG-BINDING ANTIGENS AND IgE-BINDING ALLERGENS

2.2.1 Immunoblot analysis

Immunblot analysis was used to:

i.) confirm the presence of parvalbumin in all extracts, previously analysed by SDS-
PAGE, using a monocional anti-frog parvalbumin.

ii.) assess IgG and IgE reactivity to crude fish extract and purified parvalbumin using

human sera.
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2.2.2 Standard protocol for inmunoblotting

Following electrophoresis, separated proteins were transferred to a HybondC+
nitroceliulose membrane (Amersham Biosciences, UK) pre-soaked in 1X transfer
buffer (TB) (see Appendix A). Transfer was carried out in 1X TB by applying a
constant voltage of 100V (400mA) for 1 hour. The temperature of the buffer was
maintained below RT throughout. The membrane was blocked O/N at 4°C with 5%
powder skim milk (see Appendix A) in 1X TBS/Tween with gentle agitation.
Successful transfer was confirmed by Coomassie staining of the gel. The membrane
was then incubated with test samples for 1 hour or 3 hours at RT and TBS/Tween
was then used to wash the membrane for 45 minutes, changing the solution every 15
minutes. An alkaline phosphatase-labelied secondary antibody was added for 1 hour
and the washing step was repeated. The membrane was developed with 5-bromo-4-
chloro-3-indolyl phosphate-4-nitroblue tetrazolium (Sigma-Aldrich, Germany) and the

reaction was stopped by placing the membrane in distilled water.

2.2.3 Confirmation of parvalbumin by immunoblot analysis

Crude extracts of all fish species, intermediate purification products as well as final
purified products all containing 10pg protein were transferred to a membrane and
parvalbumin was detected using a monocional mouse anti-frog parvalbumin IgG
antibody (Clone Parv-19; Sigma, Germany) which was diluted 1:3000 in TBS and
incubated for 1 hour at RT. An alkaline phosphatase-labelled goat anti-mouse IgG1
secondary antibody (Southern Biotech, USA), diluted 1:1000 in TBS, was then added

and the membrane was developed.
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2.2.4 Human Sera

The IgG and IgE binding to parvalbumin and other allergens present in the fillet of

fish were investigated using sera from two groups of fish-allergic subjects.
2.2.5 Assessment of sera from fish-processing factory workers

In a previous study conducted by Professor Mohamed Jeebhay 2 %, 578 workers
employed at two industrial fish-processing factories in St. Helena Bay (Westem
Province, South Africa) that predominantly handled anchovy and pilchard were
assessed for work-associated allergies related to bony fish-processing. Based on
results obtained in this study, 13 workers were selected that possessed one of the
following criteria:

i.) a positive skin-prick test (SPT) resuit to fish

ii.) a level of anchovy or pilchard specific IgE above 0.35kU/L. measured using
UniCAP RAST (Radioallergosorbent test) (ImmunoCAP InvitroSight, Phadia).

iii.) typical clinical allergic symptoms manifested on the skin, chest or/and
ocular/nasal

Fresh blood samples were taken from the 13 workers with informed consent and
reassessed for levels of fish-specific IgE using the UniCAP RAST system. For
analysi_s of IgE-binding capacity in immunoblotting, subjects that possessed specific
IgE to pilchard and anchovy above 0.35kU/L and who displayed allergic symptoms
were selected. Thus 6 out of the 13 subjects initially chosen were used in this study.
Serum from a fish-processing worker that was non-atopic, had a negative SPT
response as well as no detectable fish-specific IgE and displayed no clinical
symptoms was used as a negative control for this group. All serum samples were

aliquoted and stored at -20°C.
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2.2.6 Assessment of sera from subjects sensitised via fish ingestion

Serum from ten patients with self-reported allergic reactions after the ingestion of fish
that experienced one or more typical clinical symptom (dermatitis, urticaria,
angioedema, diarrhoea, vomiting, rhinoconjunctivitis, wheezing or asthma) were
obtained from Mrs. Bartha Fenemore, UCT Lung Institute and Dr. Ines Swoboda
(Medical University of Vienna, Austria). The majority of patients were from South
Africa (n=7) while three individuals were Austrian. The presence pf fish-specific IgE
was confirmed by measurement of pilchard, anchovy, hake, jack mackeral and tuna
specific IgE using the UniCAP RAST system where sufficient amounts of sera were
available. However, if serum samples were limited, as was the case for five patients,
only level of pilchard and anchovy specific IgE were measured. Serum from a subject
with no adverse reactions after food ingestion and no detectable fish-specific IgE was

included as a negative control for this group.

2.2.7 IgG and IgE reactivity to crude fish extract and purified parvalbumin

Crude extracts of all fish species containing 100ug of protein and 50ug of purified
parvalbumin were resolved and transferred to a membrane. Serum samples were
either diluted 1:20 (for IgE detection) or 1:1000 (for IgG detection) in 1xTBS. All
samples were then added to separate lanes in a slot blot and incubated for 3 hours at
RT. To analyse subjects’ IgE reactivity, an alkaline phosphatase labelled anti-human
IgE antibody produced in mduse (Sigma, Germany), diluted 1:1000 in TBS, was
incubated for 1 hour at RT. For detection of IgG-specific antigens, an alkaline
phosphatase labelled anti-human IgG (y-chain specific) antibody produced in goat

(Sigma, Germany) was added under the same parameters.
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2.3 FURTHER CHARACTERISATION OF PILCHARD PARVALBUMIN
2.3.1 Isoelectric focusing (IEF) analysis

To identify isoforms of pilchard parvalbumin, isoelectric focusing was carried out on
an 11 cm nonlinear pH 3-10 Immobiline DryStrip gel (Amersham Biosciences) in a
Multiphor Il IEF system (Amersham Biosciences). The strip was rehydrated for 1 hour
at RT in a solution of 320yl of rehydration buffer (see Appendix A) and 20ug of
purified pilchard parvalbumin. Focusing conditions were controlled by a gradient
program (Pharmacia, EPS 3500XL) under the following conditions: 150 V for 30
minutes, 300 V for 60 minutes, 500V for 5 hours and 3500V for 14 hours. After
focusing, the strip was placed in equilibration buffer (see Appendix A) for ten minutes
and then alkylated by incubation with 125mM iodoacetamide (Sigma, USA)
containing bromephenol blue (Merck, South Africa) for ten minutes. The prepared
strip was then separated in the second dimension based on size on a SDS-PAGE gel

under conditions specific in section 2.2.2.

Proteins were then transferred to a nitrocellulose membrane and parvalbumin was
detected using a monoclonal mouse anti-frog parvalbumin IgG antibody according to

immunoblotting protocol outlined in section 2.3.1.

2.3.2 Molecular sequencing of pilchard parvalbumin

2.3.2.1 Tryptic digestion of purified piichard parvalbumin

Tryptic digestion of parvalbumin was carried out using the ProteoExtract All-in-One
Trypsin Digestion Kit (Calbiochem, Germany). Purified pilchard parvalbumin was
excised from a Coomassie Blue-stained SDS/PAGE gel after electrophoresis and
washed three times with wash buffer (supplied with the kit) at 37°C until colourless.

The gels slice was then dried in a speed vacuum (Speed Vac SC110, Savant, USA)
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for 20 minutes and digest buffer and reducing agent (both supplied with the kit) were
added and incubated with the sample for 10 minutes at 37°C. The solution was
cooled to RT and blocking agent was added and incubated at RT for 10 minutes.
Trypsin was added to the sample to attain a final concentration of 8ng/ul and
incubated for 2 hours and 30 minutes at 37 °C with constant shaking. After
centrifugation at 13,000mm for 15 minutes the supematant containing tryptic

peptides was collected and stored at -20 °C prior to mass spectrometry analysis.
2.3.2.2 Mass spectrometer (MS) analysis

Liquid chromatography (LC)-MS/MS experiments were performed on an electron
spray ionization (ESI)-Quad (Q)- Time of Flight (TOF) (Waters APl Q-TOF Ultima)
equipped with nano-high-pressure liquid chromatography by Dr. Marietjie Stander,
University of Stellenbosch. Capillary liquid chromatography of parvalbumin tryptic
peptides was performed with a CapLC system equipped with a Waters Atlantis dC18
(3um, 100um X 150mm) reverse phase column. A sample injection of 5yl was loaded

onto the column and peptides were eluted over 1 hour at 1.8ul/min.

An MS survey between the range of 400m/z to 1995m/z were acquired and peptides
with peak intensities above 70 counts/second were selected for MS/MS analysis. The
mass spectrometer was operated in V-mode. Full scan mass spectra were attained in
continuum mode at a scan speed of 0.5s/scan. MS/MS analyses were attained using

identical conditions on the same apparatus.

The acquired MS/MS spectra were analysed using the online search algorithm
MASCOT at www.matrixscience.com for peptide identification against all taxonomy
entries. The enzyme, trypsin, was specified and 1 missed cleavage was permitted.

The peptide and MS/MS tolerances were both set to £0.5 Da and peptide charge was
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recorded at 2+ and 3+. A Micromass (.PKL) data format was also selected and the

top 20 hits were detected.

2.3.2.3 Analysis of tryptic peptide

Correct tryptic cleavage of the 10 amino acid peptide fingerprint was confirmed using
the “PeptideCutter” function on ExPaSy programme (www.expasy.ch) and compared

to others parvalbumin protein sequences deposited in GenBank using the program

BLASTp via the BLAST server (www.ncbi.nim.nih.gov/BLAST).

2.3.2.4 Total and messenger RNA Extraction and cDNA synthesis

Total RNA was extracted utilising 2ml TRizol reagent (Invitrogen, USA) which was
added to 200mg of pilchard muscle tissue and homogenised. The solution was left at
RT for 5 minutes before adding 4ml of chioroform (BDH, England) and shook by
hand for 15 seconds. The solution was left at RT for 3 minutes and centrifugation
was carried out at 13,000rpm for 15 minutes at 4°C. The aqueous phase containing
the RNA was collected and 1ml of isopropyl alcohol (BDH, England) was added.
After incubation at RT for 10 minutes, the sample was centrifuged at 13,000rpm for
10 minutes at 4°C. The superhatant was discarded and the RNA peliet was washed
with 1ml of 70% ethanol (Merck, South Africa) and centrifuged at 7,500rpm for 5
minutes at 4°C. The supematant was removed and the pellet was partially dried and
resuspended in 100yl of Rnase-free water (Qiagen, Germany). The concentration
and 260/280 ratio were determined using a Nanodrop system (ND-1000
Spectrophotometer). Messenger RNA was extracted from 70ug of total RNA using
the PolyATtract mRNA Isolation System Ill (Promega, USA) according to the

manufacturer's instructions.
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3.2 COMPARISON OF ANTIBODY BINDING TO PURIFIED PARVALBUMIN
AND CRUDE FISH EXTRACT USING SERA FROM FISH-ALLERGIC
PATIENTS

Sera from two groups of fish-allergic subjects were used to assess antibody reactivity
in immunoblotting. The first group comprised fish-allergic workers who were primarily
exposed via airborne and skin contact with anchovy and pilchard by-products in an
occupational setting. The second group comprised serum samples from individuals
with food allergies caused by fish ingestion. Using sera from both groups, IgG and
IgE binding to crude fish extracts and to purified parvalbumin was carried out. Any
variations in IgE binding to parvalbumin as well as other fish fillet proteins were
recorded for both groups. If parvalbumin was confirmed as a dominant allergen in
either cohort, the extent of cross-reactivity to this allergen in five fish species was

then assessed.

3.2.1 Specific IgE levels were measured by Cap-RAST in both cohorts of fish-

allergic subjects

Fish-specific IgE levels were measured in sera from six allergic fish-processing
factory workers (Table 3.2.1) and ten individuals with allergies caused by fish
ingestion (Table 3.2.2) using the UniCAP RAST system. In addition, the age, sex,
clinical symptoms, atopic status and skin-prick test results of individuals in both
cohorts were recorded where information was obtainabie (NA indicates where
information was unavailable). The predominant symptoms noted in workers included
urticaria, dermatitis, rhinoconjunctivitis, wheezing and asthma. Individuals with

allergies caused by fish ingestion experienced one or more following clinical
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symptom: dermatitis, urticaria, angioedema, diarrhoea, vomiting, rhinoconjunctivitis,

wheezing and asthma.

IgE specific to pilchard and anchovy was measured in all fish-processing workers while
pilchard, anchovy, hake, jack mackeral and tuna specific IgE was measured in
individuals with allergies caused by fish ingestion (levels of IgE specific to yellowtail
and snoek could not be assessed as ImmunoCAP diagnostic extracts of these fish
species are not manufactured). Where serum samples were limited, as was the case in
patients 6-10 in Table 3.2.2 only levels of pilchard and anchovy specific IgE were

measured.

In fish-processing factory workers, the mean value of pilchard specific IgE levels
(1.09 kUA/L) was higher than that of anchovy specific IgE (0.68 kUA/L). These
values were considerably lower than the mean values of pilchard (14.93 kUA/L) and
anchovy specific IgE (8.33 kUAJ/L) levels measured in sera from individuals with
allergies caused by fish ingestion. Due to the lack of sera from patients 6-10 with
ingestion-induced allergies, an accurate comparison of specific IgE levels in the

remaining three fish species could not be performed.
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Table 3.2.1 Clinical and serological characterisation of fish-processing factory workers

1 Demographic characteristics, clinical symptoms and serological data of subjects in a 2 fish-processing factories
“Specific IgE CAP-RAST (kun)

Subjects Age (years) Sex Clinical symptoms Atopy  SPT results Plichard Anchovy

Class KkUAL Class kUAL

w1 43 M  Urticaria and dermatitis Yes Positive 2 19 2 1.38
w2 50 M NA No Positive 2 0.9 1 0.42
w3 25 F  Urticaria and dermatitis NA NA 1 0.64 1 0.66
W4 37 F  Wheezing Yes Negative 1 0.69 1 0.66
w5 37 F  Rhinoconjunctivitis Yes Positive 1 057 1 0.46
Wwé 31 M  Asthma, rhinocon- Yes Positive 2 1.82 1 0.52

junctivitis, urticaria

and dermatitis

NA = not available
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Table 3.2.2 Clinical and serological characterisation of allergic reactions after fish ingestion

2. ¢ characteristics, clinical & serological data of su with al . fish-
_Specific IgE CAP-RAST (kUn)
Subjects _ Age (years) Sex Clinical symptoms Atopy  SPT results Pilchard Anchovy Tuns Jack mackeral Hake
KUAL KUA/L kUAL kUAL kUAL
1 25 F  Asthma, shinocon- Yes Positive 441 243 283 468 625
junctivitis, dermatitis,
urticaria, vomitting
and angloedema
2 28 F  Rhinoconjunctivitis, Yes Positive 1.15 1.31 08 1.8 1
urticaria and
angloedema
3 43 F  Urticaria, diarrhoea, Yes Positive 321 25 24 49 6.5
rhnoconjunctivis,
angioedema and asthma
4 19 M  Urticaria, asthma, Yes NA 25 17.7 124 7 78
and angloedema
5 24 M Asthma, dermatitis, Yes Positive 1.82 154 18 2 28
urticaria, vomitting and
rhinoconjunctivils
6 NA M NA NA NA 2.02 <0.35 NA NA NA
7 NA M NA NA NA 13.2 103 NA NA NA
8 59 F  Wheezing, dermatitis Yes Positive 1.06 0.85 NA NA NA
9 10 F  Wheezing and vomitting  Yes Positive 56.3 15.6 NA NA NA
10 5 M  Vomitting and urticaria Yes Positive 1.47 0.85 NA NA NA
NA = not available

52



3.2.2 Sera from fish-processing factory workers was used to assess IgG and

IgE reactivity to crude pilchard and anchovy proteins

IgE and IgG reactivity to nitrocellulose-blotted pilchard and anchovy crude fillet
extracts was assessed using sera from six fish-allergic workers (Figure 3.14). A
monoclonal anti-parvalbumin antibody was used to confim the presence of
parvalbumin in all extracts and served as a positive control (lane P). Serum from a
worker who displayed no allergic symptoms and no detectable levels of fish-specific
IgE was utilised as a negative control (lane N). The order of the patients (labelled 1-

6) was maintained in all 4 blots.

Extensive IgG reactivity to proteins from pilchard fillet were noted in all six serum
samples (Figure 3.1.4 A). Antigens were detected in the range 12kDa to 150kDa.
IgG recognition in all six serum samples including the negative control displayed no
regular detection pattern. However, a common antigen in the range of 55kDa was
observed in sera from all six patients and the negative serum sample. Serum IgG
from one patient (lane 6) recognised a protein which corresponded in size with

parvalbumin.

Assessment of IgE binding revealed that sera from all seven workers failed to
recognise parvalbumin or any other allergen in the pilchard fillet (Figure 3.1.4 B)

when compared to the positive parvalbumin control.

Assessment of IgG and IgE binding to nitrocellulose-blotted crude anchovy extract
revealed similar findings to that of pilchard. IgG reactivity was diverse, however fewer
antigens were recognised in the range of 12kDa to 100kDa compared to pilchard
specific binding (Figure 3.1.4 C). Serum IgG from one worker (lane 1) recognised an

antigen which corresponded in size to parvalbumin, while sera from two other
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workers (lane 2 and 5) displayed IgG binding to a protein slightly heavier than that of

parvalbumin (approximately 13kDa).

Analysis of IgE binding to anchovy fillet proteins showed that sera from one worker
(lane 2) displayed slight recognition of a 37kDa allergen (Figure 3.1.4 D). Serum IgE

from the remaining allergic workers did not bind any allergens in anchovy fillet.

The fish-processing workers that were assessed for IgG and IgE binding in
immunoblotting predominantly handled pilchard and anchovy in an occupational
environment. Due to the fact that no extensive IgE binding to these sensitising fish
species was noted, assessment of antibody binding to the additional three fish

species was not carried out.

54





































































4. Discussion

Parvalbumin has been recognized as a major food allergen and has been shown to
account for over 95% of immune hypersensitivities in people who consume fish 7 7+77,
It has been demonstrated that parvalbumin from various fish species display IgE cross
reactivity and this accounts for the common finding that fish allergic patients can

exhibit allergic symptoms after the ingestion of different species 73 7681101103,

Hypersensitivities to fish have also been reported in an occupational setting in fish-
processing factory workers exposed predominantly via inhalation and skin contact with
fish products. Whether parvalbumin is an occupational allergen in these allergic fish-
processing factory workers remains unknown. Furthermore, the proteins that cause

disease in these workers have been poorly investigated’": 2% 131136,

The purpose of this study was to identify allergens in the fillet of fish that could cause
either or both occupational allergic disease and ingestion-related allergic reactions. We
also aimed to identify a widely cross-reactive parvalbumin from a fish species that is
oonsuméd in large amounts by the South African population and consequently carry
out molecular sequencing of this protein as a primary step towards generating a

recombinant protein for diagnosis and treatment.

IgE binding was assessed using sera from fish-allergic processing factory workers as
well as sera from individuals with allergies caused by the ingestion of fish in
immunoblotting. The degree to which serum IgE cross-reacted to parvalbumin was
evaluated using crude fish extract and purified parvalbumin from pilchard, yellowtail,
hake, anchovy and snoek. Consequently, parvalbumin from the fish species that
displayed the most extensive cross-reactivity was then further characterised. in

addition, parvalbumin from these fish species were compared using a monoclonal anti-
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parvalbumin antibody and variations in molecular weight andlthe tendencies to form

isomers and/or oligomers were evaluated.

4.1 Characterization of parvalbumin from five South African fish species
4.1.1 Detection of parvalbumin using a commercial monoclonal anti-

parvalbumin antibody

Using a parvalbumin-specific antibody in immunoblotting, oligomers of parvalbumin
were detected in the semi-purified and purified extracts of all five fish species but not in
all crude fish extracts. These disparities are most likely due to the relative increase in
the concentration of parvalbumin in the more purified extracts. Oligomeric forms have
previously been observed in common snook parvalbumin and the related avian thymic
parvalbumin under non-denaturing conditions. However, after reductive treatment
these oligomers were shown to completely dissociate. " '*. Therefore, the fact that
denaturing conditions did not result in the dissociation into monomeric forms in this
case was surprising. This phenomenon has previously been reported exclusively in
Atlantic cod parvalbumin, Gad m1 " ™ In this case, it was hypothesized that
hydrophobic interactions may occur between these proteins depending on
parvalbumin’s calcium-bound or calcium-free state and could potentially facilitate these
oligomeric forms %2 2, The formation of disulphide bridges can occur, however the

reductive conditions of SDS-PAGE in this instance should exclude this possibility.

Isoforms of parvalbumin were distinguished using the same monoclonal antibody in
immunoblot analysis. Three isofoﬁns of pilchard and two isoforms of yellowtail, hake
and anchovy were detected in the semi-concentrated and concentrated extracts.
However, no isoforms of snoek were detected in all three of these prepared extracts.
It is interesting to note that serum IgE from a patient with fish allergy strongly

recognised two allergenic isoforms of snoek parvalbumin. This indicates that the
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commercial monoclonal anti-parvalbumin used is not effective in detecting all
. isoforms that may be present in fish samples. In a previous study, Chen et al. failed
to detect the two previously documented isoforms of cod parvalbumin using this

same antibody, which only displayed binding to a singular isoallergen ™.

Conversely, the commercial monoclonal antibody detected isoforms of parvalbumin,
specifically in hake and yellowtail that were not bound by serum IgE from any fish-
allergic patients. These differences in antibody bihding suggest significant sequence
discrepancies and consequently epitope variations between isoforms. Such
distinctions would ultimately influence IgE binding which implies that certain isoforms

may be more allergenic than others 7 1%,

4.2 Parvalbumin was purified from all five crude fish extracts

Parvalbumin from all five fish were purified by cooking, salt precipitation and ion
exchange chromatography to confirm specific IgE binding to parvalbumin and to
ensure that identical amounts of protein were used in serological immunoblot

analyses.

SDS-PAGE and immunobiot analysis of extracts subjected to cooking and salt
precipitation revealed that these processes effectively eliminated the large majority of
contaminating proteins. This was confirmed by the fact that ion exchange elution
profiles of all extracts displayed peaks that contained parvalbumin exclusively.
Singular peaks were noted in all fish species except hake, which displayed a dual
peak. Both analytes from the hake elution profile contained parvalbumin, which
possibly indicates that isoforms of significant varying net charges were eluted at
different ionic strengths '** 4, Thus, an isoform with a lower pH (i.e. more positively

charged) would have been eluted in the first péak. Similarly, a more negatively
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charged protein would have been eluted in the second peak as increased
competition of buffer ions in the form of a rising sodium chloride gradient was
required to reduce interactions with the positively charged DEAE-cellulose resin'*.
Other fish species exhibited parvalbumin isoforms, but it is possible the difference in
overall charges between these proteins were not as pronounced and were eluted as
a single peak . To confirm these premises, isoelectric focusing of hake
parvalbumin could be performed to identify differences in overall net charge of the
isoforms "°. SDS-PAGE and immunoblot analysis has already confirmed that both

eluted hake parvalbumin isoforms were of a similar molecular weight.

With regard to the slight variations noted in the molecular weight of parvalbumin
between all five fish species, this is a commonly noted phenomenon. Several
previous studies have documented parvalbumins from different fish species in the

range of 11-12kDa, which correlates with the results obtained in this study®: 7% 7378

105, 109

4.3.1 Detection of allergens using sera from fish-processing workers

In this study, sera from fish-processing factory workers displayed negligible IgE binding
to proteins present in pilchard and anchovy fillet. In contrast, serum IgE from
individuals suffering from allergies caused by fish ingestion recognized parvalbumin as
well as other allergens in the fillet of pilchard, anchovy and the remaining three fish
species. Possible contributing factors for the overall lack of IgE reactivity in the

population of workers are discussed below.

Lack of antibody detection in immunoblotting, in this case IgE binding, could be an
indication of experimental error'*®. However, the presence of parvalbumin was

confirmed in all worker-specific blots using a commercial monoclonal anti-
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parvalbumin antibody, indicating adequate transferral of proteins from gel to
membrane. Similarly, specific IgG binding was clearly detected in all worker blots and
both IgG and IgE binding occurred in the group of people sensitised via ingestion,
again validating adequate transferral of proteins and successful antibody binding. In
addition immunoblot analyses were repeated four times with workers’ serum to

confirm these resuits.

Measurement of specific IgE levels using the UniCAP RAST system revealed that
workers had lower fish-specific IgE levels than patients with ingestion-induced
allergies. Therefore, it could be argued that insufficient IgE levels in workers’ sera were
available for the detection of allergens using immunoblotting > %6, However, two
individuals with allergies induced by ingestion recognised pilchard parvalbumin as an
allergen despite the fact they had lower specific IgE levels than fish-processing factory
workers. Moreover, serum from one patient with ingestion-related allergy contained
lower levels of pilchard-specific IgE but displayed strong reactivity to three isoforms of
pilchard parvalbumin. This observation implies that the specific IgE levels of workers
were sufficient for binding and subsequent detection of allergens. However, in order to
confirm this potential lack of antibodies to fish allergens a more sensitive detection
system should be tested. For example immunoblot analysis using secondary
antibodies labelled with radioactive '°| for detection and subsequent quantification by

gamma counting could be carried out*® %,

in this study only proteins in the fillet of fish were assessed for antibody binding by
immunoblotting. Therefore, it is plausible that proteins present in other components
of these fish species are responsible for eliciting allergies in these workers. Serum
IgE from workers displayed binding to pilchard and anchovy specific ImmunoCAP
diagnostic extracts which are listed to contain ‘whole fish’ and not the fillet exclusively

7 Thus, components present in these diagnostic extracts such as proteins in the
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skin or gut of the fish could be responsible for fish specific IgE observed in these
workers. Potential sensitising agents include the protein collagen, which has recently
been recognised as an allergen present in the skin of fish that is otherwise absent in
the fillet'™ Y157 Furthermore, the gut of the fish contains a multitude of enzymes
with the purpose of degrading dietary proteins™ *" 138 As previously reported,
airbomme enzymes act as potent allergens in occupational environments in many
cases®. Perhaps the most well documented occupational enzyme is the inhalant
allergen a-amylase, responsible for bakers’ asthma'*®'®. Aerosolised allergenic
enzymes have also been identified in the following industries: pharmacy, dairy,

51, As mentioned previously, a

catering, bakery, feed, paper, detergent and textiles
primary means of sensitisation in fish-processing workers is the inhalation of
aerosolised proteins generated during the gutting and the bagging of fish-meal. 7" '#*
131 129, 132 Therefore, enzymatic proteins from the digestive tract of fish are possible
candidates for sensitising components. In addition, certain enzymes disrupt the
epithelial junctions of the skin or lung, favouring a Tu2 environment that can lead to
allergic conditions® . These reactions correlate with the predominant allergic
symptoms noted in these workers in an occupational setting, namely dermatitis and
urticaria as well as asthma and rhinoconjunctivitis. It is therefore suggested that

future research aim to characterise potential allergens present in the skin and

digestive gut of pilchard, anchovy and other commercially important fish species.

To date, the proteins that cause sensitisation in fish processing workers have yet to
be thoroughly investigated, particularly allergens present in aerosolised extracts’".
Subsequent identification and characterisation of these allergens could lead to more
tailored and effective methods of limiting exposure of workers. For example, the
implementation of local exhaust ventilation where specific allergen exposure is most
abundant could decrease exposure®. Knowledge of occupational allergens and the

properties that favour sensitisation via inhalation and skin contact could be gained by
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carrying out detailed structural analyses of identified allergens via molecular

characterisation'%21%4,

4.3.2 Parvalbumin was not recognised as an allergen in fish-processing

workers

It is feasible that other components of pilchard and anchovy are responsible for the
allergic symptoms observed in this group of fish-processing factory workers. However,
the question remains as to why parvalbumin was not recognised as an allergen in this

group, as was the case in individuals sensitised via fish ingestion.

The specific route of entry of an allergen into the body can determine whether
exposure results in the clinical manifestations of allergy. In addition, allergenicity is
also largely dependant on the intrinsic features of the allergen such as structure,
resistance to degradation and proteolytic activity?®. For example, a-amylase is used
routinely in the production of bread and has been characterised principally as an
inhalant allergen in bakers'*®'®. However, ingestion of this protein in the form of bread
does not cause an allergic reaction in the majority of cases. This is largely due to a
conformational change during the heating process'® '** '**. Some aeroallergens
possess proteolytic activity and can interact with components in the airways, such as
protease-activated receptors resulting in an infiltration of leukocytes and the production
of pro-inflammatory cytokines, chemokines and other components. These attributes
contribute to eliciting the symptoms of allergic disease'®. Thus, it could be that intrinsic
features, which can facilitate sensitisation via inhalation or contact in certain allergens,

may be absent in parvalbumin.

The conformation of an allergen is an important determinant of allergenicity, and

subsequent alterations of this structure can result in the loss of IgE binding



epitopes29, 32, 155

. Therefore, it is also important to note that the native structure of
parvalbumin is likely to have been altered by the denaturing and reducing conditions
of SDS gel electrophoresis'®®. This is significant as workers would predominantly be
exposed to raw fish where potential allergens would occur in their natural structure in
initial processing’’. Destruction of IgE epitopes of parvalbumin during SDS gel
electrophoresis could have resulted in lack of recognition and loss of IgE binding in
workers. This would suggest that in an occupational setting, IgE from the sera of

workers are directed against conformational epitopes of parvalbumin, and not

sequential epitopes™®.

With regard to individuals with ingestion-induced allergies, it is possible that the
structure of parvalbumin to which their immune systems were exposed may have been
altered by the harsh denaturing conditions of the digestive tract. A variety of
proteases and peptidases perform the task of breaking dietary proteins into smaller
peptides that can then be absorbed®. Perhaps parvalbumin, subjected to this route of
exposure, would more closely mimic the denatured test extract used in
immunoblotting, and therefore have similar IgE binding epitopes. In supbort of this,
previous studies that have investigated antibody epitopes of parvalbumin using sera
from individuals who experienced allergic reactions after fish ingestion have shown
that many IgE reactive domains are linear or sequential in nature % !, In addition, it
has recently been documented that parvalbumin, together with other common food
allergens, can be broken down within a number of seconds by the digestive enzyme
pepsin under acidic conditions®. This is very interesting as parvalbumin like many food

allergens has been reported in the literature to be a highly resistant protein® 7™,

Future research should attempt to carry out identical immunoassays under non-
denaturing conditions to assess if sera IgE from workers recognize the native form of

parvalbumin. It would ailso be important to compare any differences in IgE binding to
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the native form of parvalbumin as well as to the denatured structure using sera from

individuals with ingestion-induced allergies to confirm this hypothesis.
4.4.1 Cross-reactivity between parvalbumin from five fish species

The majority of individuals with allergic reactions caused by fish consumption
recognised parvalbumin as a dominant allergen. Based on this finding, this study
aimed to assess the extent of cross-reactivity between parvalbumin from five fish
species that are commercially relevant and highly consumed by the South African

population'®” 1%,

All patients from this population, with the exception of one, recognised parvalbumin
as an allergen from at least one fish species. Parvalbumin from pilchard displayed
the widest IgE binding ability, with 80% (8 out of 10 individuals) of subjects displaying
reactivity while 70% (7 out of 10) of patients’ IgE antibodies bound yellowtail
parvalbumin. The least allergenic fish in this group were hake, anchovy and snoek,
with only 40% of all individuals recognising parvalbumin of these species as an
allergen. The observed cross-reactivity suggesfs that parvalbumin from some of
these fish species share identical IgE-binding epitopes due to similar structural
features®® % % 1 |t has been documented that fish species which are more closely
related on a phylogenetic basis are more likely to have comparable IgE-binding
profiles due to higher degrees of homology in the primary structure of proteins“’; 103
Surprisingly, contrasting results were found in our study, where two sets of related
fish species displayed diverse IgE reactivity patterns. Specifically, pilchard and
anchovy are grouped under the same order, Clupeiformes, while snoek and yellowtail

both fall under the order, Perciformes (See Appendix B)'®. In this population,

pilchard parvalbumin was twice as allergenic as parvalbumin from anchovy. Similarly,

86



30% more individuals recognised yellowtail parvalbumin as an allergen compared

with the phylogenetically related snoek parvalbumin.

Interestingly, patients with the highest fish-specific IgE levels displayed the widest
cross-reactivity amongst parvalbumins from all fish species. Specifically, parvalbumin
was recognised as an allergen in at least four fish species in these patients. It is
possible that the IgE antibodies produced by some of these patients are specific to a
particularly éonserved region of parvalbumin, thus a greater degree of cross-
reactivity exists'®. The higher levels of fish-specific IgE could also indicate greater
exposure to parvalbumin resulting in increased polyclonality, which would result in
more varied antibody binding. This could ultimately result in an increased probability

of cross-reaciivity 8,

in contrast, monosensitivity to yellowtail parvalbumin was displayed in one patient
while another; individual exclusively displayed IgE reactivity to pilchard parvalbumin.
In these cases, IgE antibodies could be specific to an epitope of parvalbumin that is
present only in these particular fish species'®. This information is of clinical
relevance as these patients could, instead of wholly eliminating fish from their diet as
is commonly advised by practitioners, simply avoid particular species of fish 108

However, these facts would have to be confimed by a double-blind placebo-

controlled food challenge (DBPCFC).

In previous studies the extent of IgE reactivity to a certain fish species has been
attributed to its degree of consumption. For example, Pascual et al. demonstrated
that out of the six fish species that they investigated, the two most allergenic were
among the most frequently consumed by the Spanish population'®" '®2. This was not
a trend noted in this study. Hake is amongst the most consumed fish in South Africa,

together with pilchard and anchovy'™ '*, Although pilchard parvalbumin displayed
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the widest IgE reactivity, hake and anchovy were among the least allergenic in this
population. In addition, sera from three Austrian patients were attained and included
in this group. Interestingly, some of these individuals were allergic to parvalbumin
from fish species that are indigenous to the Southern hemisphere, such as snoek
and yellowtail"® '®, Thus, common consumption of such fish species by these three
patients would be improbable. In addition, all three individuals recognised pilchard
parvalbumin as an allergen. Although pilchard is consumed in Austria, it is unlikely
that the species frequently consumed in South Africa, Sardinops sagax, would be
readily available'®> '®, These findings imply that although certain individuals were not
initially exposed and sensitised to parvalbumin from these fish species, IgE reactivity
occurred because of the presence of shared IgE epitopes in parvalbumin from other

fish species '*.
4.4.2 Applications of cross-reactivity and the relevance of findings in this study

The identification of a highly cross-reactive form of parvalbumin has potential use as
a diagnostic tool ’> ' ' The application of a single cross-reactive allergen could
replace several parvalbumin types in a diagnostic test panel, which would be more
cost-effective “¢ ¥’. In addition, the benefits of using an immunodominant form to
attain desensitisation to multiple fish species in immunotherapy is clear'> % 7,
Furthermore, a greater understanding of the phenomenon of cross-reactivity could
facilitate ways of controlling initial sensitisation to certain allergens in prone

individuals. Lastly, the elucidation of cross-reactive epitopes could also prevent their

inadvertent integration into novel foods such as genetically modified products*® '®.

A number of studies have carried out the molecular sequencing of parvalbumin from
various fish species, and in several cases, have generated recombinant forms with

the aim of producing a diagnostic and/or therapeutic tool. However, prior
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investigation of the degree of cross-reactivity of these allergens is often not
performed®” ®.72.73.82.108. 142 g jllustrated in this study, cross-recognition can vary to
large degree. Thus, in terms of generating a recombinant parvalburﬁin with clinical
relevance, confirmation of a high degree of cross-reactivity prior to extensive

molecular characterisation, cloning and expression is valuable.

In this study, pilchard parvalbumin was the most cross-reactive allergen in a specific
population. It should be noted that a larger group of fish-allergic patients’ sera would
be useful to strengthen these novel findings'®. However, based on these resuits as
well as the commercial relevance and global distribution of the pilchard species
Sardinops sagax, molecular sequencing of this allergen was performed' '®. The
majority of parvalbumin types that have been previously characterised are from fish
that are consumed in large quantities in Europe®® 7> 1% 118 12 The fish species
investigated in this body of research are highly consumed in South Africa and thus
may be of greater relevance to the South African population and perhaps to other

areas of the Southern Hemisphere.

4.5.1 IgE binding to dimeric forms of parvalbumin using sera from fish allergic

consumers

Sera from four patients with allergic reactions caused by fish consumption displayed
IgE binding to dimeric forms of yellowtail, hake and anchovy parvalbumin. This was
confirmed by the similar binding position of monoclonal anti-parvalbumin, which served
as a positive control. However, IgE reactivity to dimers occurred exclusively in crude
fish extracts, and not in the purified samples. In addition, specific binding of
monoclonal anti-parvalbumin antibodies to nitrocellulose-blotted purified parvalbumin

was also absent. This could indicate that dimeric parvalbumin dissociated into its
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monomeric form as a result of the harsh purification procedure, which has been

observed in previous studies'* 1,

The allergenicity of oligomeric parvalbumin has previously been documented in cod
but the effect that such associations have on IgE reactivity is unknown®. This is of
interest as some dimeric and oligomeric forms of proteins have been shown to be
more allergenic than their monomeric forms such as the major birch polien allergen Bet

v 1168,

4.5.2 IgE binding to additional fish allergens

Several minor allergens were identified in yellowtail and pilchard crude extracts using
sera from allergic fish consumers. Specifically, IgE binding proteins of 110kDa and
160kDa in yellowtail and a 45kDa allergen in pilchard were recognised. Assessment
of the literature reveals that proteins of similar molecular weights have not been
identified. This fact, together with the observation that these allergens were absent in
the other fish extracts investigated, indicates that they may be specific to these fish
species. Other minor, species-specific allergens have also been identified in extracts

of swordfish, cod and tropical sole'%®: 1714,

Allergens of 37kDa and 40kDa were also recognised in yellowtail crude extract,
which closely correlates with the unglycosylated and glycosylated isoforms of the
documented allergen, aldehyde phosphate dehydrogenase (APDH) from cod'®.
Interestingly, a 37kDa anchovy allergen Was also recognized weakly by serum IgE
from one fish processing factory worker. APDH has been characterised in cod and
displays homology in diverse animal species. Therefore, it is probable that it may be
conserved in these fish species. In addition, this protein is thought be released after

cell death and thus increases in non-frozen fish that have been maintained in storage



which would correlate with conditions of extracts of crude fish used in this study'*®.
Molecular sequencing of these allergens would verify whether they were, in fact,
isoforms of ADPH. If positive identification was confirmed, further characterisation
could be worthwhile due to the likely cross-reactivity of this allergen amongst fish

species’™®.
4.6.1 Further characterisation of isoforms from pilchard parvalbumin

Monomeric and dimeric isoforms of pilchard parvalbumin with isoelectric values in the
range of 4 - 5 and 5.5-5.9 were detected using a monoclonal anti-parvalbumin
following two-dimensional gel electrophoresis. Both evolutionary lineages that have
previously been characterised were visualised, namely the a group (pl>5) and the B
group (pl<5). However, the isoelectric points observed in this study were higher than
average for both a and B lineages indicating the presence of more basic amino acid
in these proteins. Typically, values for the B-parvalbumins range between 4-4.5 while
a-parvalbumins are generally between 5-5.5 ® 7 7% 8, This is the first study in which
isoforms of pilchard parvalbumin have been investigated thus comparative results

are not available.

Two predominant isoforms were observed after isoelectric separation, however
isoforms below a pH value of 5 appeared to be insufficiently resolved as indicated by
a smear rather than distinct spots. The fact that three isoforms were previously
detected in one-dimensional separation using a monoclonal anti-parvalbumin and
patient sera also suggest that more than two isoforms of pilchard parvalbumin may
be present. Technical improVements to potentially improve r.eso|vation of isoelectric
migration include using longer Immobiline DryStrips with a narrower pH range. For
example, a 24cm strip with a pH interval between 4-7 would be optimal for separation

in the first dimension in this instance'™.
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It has been demonstrated by Lowenstein et al. that isoallergens can shaw marked
differences in antibody reactivity and thus display differences in allergenicity’”". In
this study, 70% of individuals with allergies caused by fish ingestion were allergic to
two isoforms of pilchard, while IgE from one patient displayed binding to three
isoforms. The identification of the most allergenic isoform of pilchard parvalbumin
may prove the most effective as potential use as a diagnostic tool. Similarly,
recognition of the least allergenic isoform or hypoallergenic form may prove useful as
a safer option to attain desensitisation in immunotherapeutic studies® ™ 1% 17
would therefore be of interest to further investigate these isoforms using patient sera

in isoelectric focusing and solve the cDNA sequences of all pilchard parvalbumin

isoallergens.

4.6.2 cDNA encoding parvalbumin from pilchard was determined

In this study, the pilchard parvalbumin gene was sequenced to attain information from
the primary amino acid sequence such as the lineage (i.e. a or B isoform) and to
compare homology with previously characterised parvalbumins. Moreover, the cDNA
sequence is the primary step towards the generation of recombinant form of pilchard
parvalbumin®. The merit of producing such a recombinant for potential diagnosis and
treatment of fish allergies has been verified by the fact that pilchard parvalbumin

displayed a high degree of cross-reactivity'®® 1% 165,

A cDNA sequence comprising a 327 bp open reading frame, encoding 109 amino
acids was verified as pilchard parvalbumin. This protein was recognised as the
dominant allergen in individuals with ingestion-induced fish allergies and was therefore

’
designated Sar s 1 according to the International Nomenciature of Allergens **,
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Although more than one isoform of pilchard parvalbumin was previously identified in
this study, only a single distinct parvalbumin cDNA sequence was detected. This
isoform was identified as a B-type by the fact that it was 109 residues long and by the
positions of the following 6 amino acids: Ala-14, Leu-16, Cys-19, Phe-67, GIn-69, and
Thr-79'% 172 13 |n addition the derived amino acid sequence displayed the highest
identities to several previously sequenced B isoforms of parvalbumin with the

exception of one a-type from common carp.

The amino acid sequence, Sar s 1, displayed the highest homology to the B form of
parvalbumin from common carp as well as to zebrafish of the same lineage. Both carp
and zebrafish belong to the same phylogenetic family, Cyprinidae, while pilchard falls
under the order Clupeiformes™® ™. No sequence information of parvalbumin from the
phylogeny of pilchard is available in the database thus comparison is not viable.
Similarities to the parvalbumin a-isoform from common carp was also noted as well as
high identities (70-75%) with parvalbumin from European chub, chub mackeral,
Atlantic salmon, mangrove rivulus, gilthead seabream, dark-banded rock fish and

Mozambique tilapia.

The calcium-binding motifs of parvalbumin have been identified as areas with a high
degree of amino acid homology and have been proposed as sequential IgE binding
epitopes " ®1%_ Thus it was surprising to note that the most conserved stretch of
amino acids noted between all 12 aligned sequences was not within these regions but
just outside the second EF-hand motif. Specifically, a 100% identity was noted in the
segment 64-72. Previous studies of IgE-binding epitopes in the cod parvalbumin, Gad
c 1, revealed that five different stretches displayed IgE reactivity, namely the segments
13-32, 33-44, 41-64, 65-74 and 88-96%'. Interestingly, the segment, 65-74 coincides
with the stretch of homologous amino acids noted in Sar s 1. A high degree of

similarity was also noted in both EF-hand motifs as well as in the segment 44-53,
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i.) Are other proteins that are absent in the fillet but present in other bodily
components of the fish responsible for the clinical manifestations noted in
these workers?

ii.) Does parvalbumin lack the intrinsic allergenic features potentially needed
to elicit an allergic reaction via inhalation and/or contact, which are
primary routes of sensitisation in workers in an occupational setting?

iii.) Was a lack of IgE binding to parvalbumin due to the destruction of its
native form in test extracts resulting in the loss of allergenic epitopes that
might have usually elicited allergic reactions in the occupational
environment?

Future work will address these questions by assessing proteins present primarily in
the skin and digestive gut of pilchard and anchovy for their IgE reactivity using the
sera from these fish-processing workers. The characterisation of these occupational
allergens, which have in the past been poorly studied, will hopefully shed light on the
extent to which other factors such as the route of exposure and the concentration of
a specific allergen influence occupational allergic disease’™ 2 1%, Moreover,
identification of these allergens may help in the effective prevention and treatment of

fish-processing factory workers in Southern Africa and potentially woridwide.
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5. Appendices

Appendix A: Solutions

General reagents
10X Phosphate Buffered Saline (PBS)
80g NaCl

2.4g KH,PO,

2.0g KCL

14.4g Na,HPO,.2H,0
pH74

Dissolve in 1L ddH.0

1M TRIS-HCI, pH 7.5

60.55g TRIS-HCI

Dissolve in 450ml ddH0.

Adjust pH to 7.5 and bring to a final volume of 500ml.

SDS-PAGE Reagents
2.5X separating gel buffer
1.875M Tris Cl

0.25% SDS

Adjust to pH 8.9

5X stacking gel buffer
0.3M Tris phosphate
0.5% SDS

Adjust to pH 6.7

5X running buffer
0.5M Tris base
1.92M glycine
0.5% SDS

Coomassie stain
500ml methanol

0.5g coomassie powder
100ml acetic acid
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Make up to 1L with ddH,0

Coomassie destain solution
75ml acetic acid

50mIi methanol

Make up to 1L with ddH20

2X sample buffer

0.25M Tris (pH6.8)

4% SDS

20% glycerol

10% B-mercaptoethanol
0.001% bromophenol blue

10% Ammonium persulphate (AMPS)
10ug AMPS
Diluted in 100ul ddHO

Immunoblot reagents
Transfer Buffer

41.4mM Tris

320mN Glycine

400ml Methanol

Make up to 2L with ddH0

Blocking Buffer
2% Milk powder (SPAR instant)
Make up to 1L with 1XPBS

Wash buffer
0.05% Tween-20 in PBS

10X Tris Buffered Saline (TBS)
12g TRIS

88g NaCl

Dissolve in 900ml ddH;0.
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Adjust pH to 7.5 and bring to a final volume of 1L with ddH20 .

Substrate .
1 NBT/BCIP (Nitro blue tetrazolium chloride 5-Bromo-4Chloro-3-indoyl-phosphate,
toluidine salt) tablet dissolved in 10ml ddH.O

Isoelectric focusing (IEF) analysis
Rehydration buffer

8M Urea

2M Thiourea

4% CHAPS

2% pH 3-10 carrier ampholytes
20mM Tris base

30mM Dithiothreitol (DTT)

Equilibration buffer

20mi Tris-HCI stock

72g Urea

60ml Glycerol

4gSDS

Make up to 200ml with ddH,O

Dithiothreitol (DTT)
150mg DTT
Add to 15ml of equilibration buffer

RNA extraction

DEPC-treated water

1L ddH.0

1ml Diethylpyrocarbonate (DEPC)

Mix components together and incubate ON at 37°C with agitation. Autoclave and

aliquot into RNase-free vessels.
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70% Ethanol
70% Absolute ethanol

Add to 30ml DEPC-treated H,0

Gel running marker (6x) for DNA agarose gels
. 50% (v/v) glycerol (diluted in DEPC-treated H.O)
0.25% (w/v) bromophenol blue

0.25% (w/v) xylene cyanol FF

10mM EDTA (pH 8.0)
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