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Introduction
O. ostertagi ES-thiol proteins (Figure 2B, lanes Elute 1 and 2) were analysed by high-
resolution proteomics using a Q ExactiveTM Plus Obritrap mass spectrometer
(Thermo Fisher Scientific). To analyse the proteomic spectra data we used Pac-Bio
isoform sequencing (Iso-Seq) to generate a full-length transcript database.

Figure 3. Effects of immunization of cattle with O. ostertagi ES-thiol on (A) daily mean faecal worm egg counts
(FWEC) and (B) cumulative FEWC (cFWEC) (B) after challenge infection. Each data-point represents mean
FWEC +/- SEM, n=10. *** = p < 0.001 (Mann-Whitney Test)
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The gastrointestinal nematode Ostertagia ostertagi causes serious health and welfare 
issues as well as substantial economic losses in cattle. Control of this parasite is reliant 
on the use of anthelmintics, but the widespread and prolonged use of these drugs has 
resulted in the selection of resistant worms. Alternative control approaches, such as 
vaccination, are needed to provide robust and sustainable control of these parasites. 

Figure 4. Summary of PacBio Iso-Seq sequencing for adult O.
ostertagi males and females. (A) Bioinformatic pipeline and
number of full-length isoforms generated for O. ostertagi
male and female parasites. (B) Histogram showing read
length (bp, x-axis) against read quality (Phred score, y-axis)
for all male and female isoforms (50,282 isoforms in total).
(C) Sequencing summary statistics for O. ostertagi male and
female Iso-Seq libraries.
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Classification of identified O. ostertagi ES-thiol proteins 
Proteomic analysis of O. ostertagi ES-thiol resulted in the identification of 490
proteins. The identified proteins were classified using GO analysis and Interpro
domain classification.

High Density Peptide arrays to identify immunogenic B-cell epitopes

Figure 1. (A) Ostertagia ostertagi develop in the gastric stomach of cattle and L4 and adult parasites produce
excretory-secretory products (ESPs) that are essential for establishment and maintenance of an infection. (B)
Image of adult female O. ostertagi. Scale bar 50 µm (image courtesy of Marc Faber, MRI).

Figure 2. (A) Preparation and characterisation of O. ostertagi (adult) ES-thiol
proteins. ES-thiol proteins were used in vaccination trials and for proteomic
characterisation. (B) SDS-PAGE analysis of O. ostertagi ESPs and fractions
from ES-thiol affinity purification. ES-thiol fractions elute 1 and 2 were used
for vaccine-challenge trials and proteomic analysis.
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Sex Number of 

reads
Mean Read 
Length (bp) N50 Mean Quality

Male 22560 1300 1608 62
Female 27722 1459 1724 62

Figure 5. GO classification and Interpro domain classification of identified O. ostertagi ES proteins. (A) Proportion
of ES proteins containing a secretion signal (n=490). (B) GO distribution of identified ES proteins. Proteins are
classified into three broad GO categories: biological process (red); molecular function (green) and cellular
component (purple). (C) Direct GO count showing the top five GO terms for each category. Some proteins are
included in more than one category. (D) Interpro domain classification of identified O. ostertagi ES proteins
showing top twenty categories. Some proteins are included in more than one category.
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Tubulin/FtsZ, GTPase domain (IPR003008)
Tubulin/FtsZ, 2-layer sandwich domain (IPR018316)

Thioredoxin domain (IPR013766)
Peptidase M13, N-terminal domain (IPR008753)

von Willebrand factor, type D domain (IPR001846)
Vitellinogen, open beta-sheet (IPR015255)

NADP-dependent oxidoreductase domain (IPR023210)
Galectin, carbohydrate recognition domain (IPR001079)

Small GTP-binding protein domain (IPR005225)
SXP/RAL-2 family protein Ani s 5-like, cation-binding domain (IPR003677)

Pepsin-like domain (IPR034164)
Vitellogenin, N-terminal (IPR001747)

Peptidase C1A, papain C-terminal (IPR000668)
C-type lectin-like (IPR001304)

Peptidase family A1 domain (IPR033121)
von Willebrand factor, type A (IPR002035)

CUB domain (IPR000859)
Astacin-like metallopeptidase domain (IPR034035)

Peptidase M12A (IPR001506)
CAP domain (IPR014044) 91
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Adult O. ostertagi nematodes were collected at post-mortem from infected cattle and 
cultured in vitro for up to 96 h. ESPs were collected from the culture supernatants 
every 24 h and thiol-containing proteins purified by affinity chromatography using 
thiol-Sepharose. 
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Cattle were vaccinated three times with O. ostertagi ES-thiol + Quil A and control 
animals received Quil A adjuvant only (each group n = 7). After the final vaccination 
each animal was challenged three times per week with 5,000 L3 O. ostertagi for eight 
weeks. To monitor the infection faecal worm egg counts (FWECs) were preformed on 
each animal three times per week for the duration of the infection.

Figure 6. Overview of the PEPperPRINT peptide array technology. Peptides (15-mers) are printed onto a glass
slide using a laser printer. Each peptide overlaps by 10 or 11 amino acids and covers each of the 490 O. ostertagi
ES-thiol proteins.

In conjunction with PEPperPRINT GmbH (Heidelberg, Germany) we have produced a
high density peptide array of the 490 identified O. ostertagi ES-thiol proteins. The array
includes 15-mer peptides with an overlap of 10 or 11 amino acids. Each peptide is
printed in duplicate, giving a total of 68,280 printed spots.

Outcome: 
• FWEC in ES-thiol vaccinated animals is reduced by 60% relative to control 

(adjuvant only) vaccinated animals. 

Interpro Domain Classification

Outcome:
• The most numerous ES-thiol proteins, with 91 proteins identified, contain a CAP

domain and belong to the sperm-coating protein/Tpx/antigen 5/pathogenesis-
related protein 1 (SCP/TAPS) family.

• Proteinases, such as the astacin-like metalloproteinases, are abundant in O.
ostertagi ES-thiol proteins.

Outcome:
• Peptide arrays have been produced and screened with pre- and post- vaccination 

sera. We are currently analysing data to identify immunogenic epitopes.
• Identified antigens will inform future O. ostertagi recombinant vaccine design.


