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Gluten sensitivity, manifesting as celiac disease (CD) affects possibly 1:100 people in Northern 
Europe and Northern America.1,2 Celiac disease (CD) is an inflammatory disease of the upper 
small intestine and results from gluten ingestion in genetically susceptible individuals, and is the 
only life long nutrient-induced enteropathy.3,4 The small bowel abnormalities are reversed on 
withdrawal of gluten from the diet. CD is a familial condition with around 10-15% of first degree 
relatives being similarly affected.5  

Celiac disease, when untreated or poorly treated, that is with continued ingestion of gluten, 
leads to a large number of complications, 6,7 which can result in considerable morbidity and 
repeated hospital visits. In children symptoms such as growth retardation amongst others are 
observed8,9 and patients with osteoporosis have a higher prevalance of CD ,10 with bone mineral 
density in CD patients improves with a GFD.11 Up to 50% of women with untreated celiac 
disease experience miscarriage and long term silent undiagnosed celiac disease can lead to 
infertility.12  The condition is also strongly associated with other autoimmune conditions.13, 14 

Celiac disease sufferers who do not adhere to a strict gluten-free diet have an increased 
incidence of a fatal small intestinal lymphoma15,16 and the standardised mortality rate is twice 
that of the general population, non-Hodgkin lymphoma being the main cause of death.17  

Dieterich and colleagues identified tissue transglutaminase (tTG) as the autoantigen of celiac 
disease,18 which was supported by a publication by Arentz-Hanson et al 19  and the sequence 
identified was further backed up by Anderson et al.20  and it was later shown that a 19-mer 
peptide formed by the two overlapping peptides of Arentz-Hansen is indeed disease activating 
to the small intestines of celiac disease patients in vivo, causing the classic parameters of the 
condition.21

The development of legislation on levels of gluten permissible in foods labelled as gluten-free 
has been hampered by lack of a suitable assay system. The present standard has stood since 
1981 (Codex Stan 118-1981) and is very non-specific.22, 23 Codex Alimentarius have recently 
approved new standards for gluten free foods (July 2008).  The new benchmark states that 
foods labelled “gluten-free” may not exceed a gluten content of 20 ppm, whilst those with a 
gluten content to a level between 20 ppm - 100 ppm may be called “low gluten” or “reduced 
gluten”.  A range of methods for the detection of gliadin have been reported, such as the use of 
gluten specific PCR,24, 25 and SDS-PAGE in combination with immunoblotting, counter immuno-
electrophoresis, or mass spectroscopy and MALDI-TOF analysis.26 High-performance liquid 
chromatography and capillary electrophoresis have been widely used to analyse prolamins in 
food27, 28, and gel permeation–high-performance liquid chromatography (GP-HPLC) has been 
described for the quantitative determination of gliadin.  More recent reports have looked at the 
use of flow cytometry detecting as low as 10pg/mL levels of gliadin29, as well as the first report 
of a biosensor for gliadin detection, which exploited the use of a recombinant glutamine-binding 
protein30  The same group have gone on to report a fluorescence correlation spectroscopy 
assay, reporting a detection limit of 0.006ppm, which would require huge dilution of extracts 
from gluten free samples for detection.31

The most common method of measurement of gliadin is that of the enzyme linked 
immunosorbent assay (ELISA).  Early assays used whole gliadin as the immunogen to produce 
polyclonal antisera and gave rise to antibodies that were insufficiently specific, for example, 
giving spurious cross-reactivities with non-toxic maize.32 Later, advantage was taken of 
monoclonal antibody technology to produce more precisely targeted reagents.33 The first toxic 
sequence to be identified in vivo was A-gliadin 31-49.34  and a monoclonal antibody, has been 
raised against the celiac-toxic 19-mer A-gliadin peptide (LGQQQPFPPQQPYPQPQPF) and 
used for detection of gliadin and gluten hydrolysates.35,36
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Description of Project

The project will focus on the development of five types of assays:

1. Sandwich assay for combined detection of HMW glutenins and gliadins.
2. Competition assay for combined detection of HMW glutenins and gliadins
3. Competition assay for detection of gliadin hydrolysates
4. Competition assay for detection of glutenins hydrolysates
5. Competition assay for combined detection of HMW glutenins and gliadins hydrolysates

Once the parameters for the development of each assay have been optimised using 
checkerboard assays, the assay will be further improved by looking at the effect of incubation 
times and temperatures, co-incubation of immunoreagents and standard curves will be 
constructed.  Analytical parameters such as limit of detection, slope, reproducibility, stability of 
immunoreagents and compatibility with extraction reagents will be elucidated.  

For the assay for detection of hydrolysates, a procedure for enzymatic hydrolysis will be 
developed using a modified pepsin/trypsin digestion protocol using consitions compatible with 
ELISA detection.

The developed assays will be validated with a range of commercially available gluten free and 
gluten containing foodstuffs.

It is anticipated that at least two publications will result from this work, and the student would 
gain experience in the development of ELISAs as well as the optimisation of enzymatic 
hydrolysis, both of which are widely used in the clinical and food control industries.
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