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Abstract:  
Zinc in cereal grains is mainly stored in the embryo, aleurone and subaleurone layers. It has 
been proposed by us that zinc is mainly stored as bound to zinc sink/storage proteins in these 
tissues. - The aim of the study was to monitor the differential expression of Zn-binding 
proteins with increasing Zn fertilization conditions. In order to prove that barley cv Golden 
promise has been growing under three different zinc fertilization regimes correlated with 
different Zn levels measured by ICP-OES in the grain. Two biological replicates were chosen 
among low, medium and high zinc grain content and used for a label free differential 
proteomics approach. Proteins were extracted by a modified Osborne fractionation, digested 
with trypsin and peptides analysed by nanoLC-MS/MS using a high resolution accurate mass 
(HR/AM) Q-Exactive mass spectromter (Thermo Scientific) The MS profiles were differentially 
analyzed by Progenesis LC-MS (Nonlinear Dynamics Limited, UK) and MS/MS peaks 
analyzed by PEAKS ver. 6.0 and the Proteome Discoverer ver. 1.4 platforms. Top abundant 
differentially detected proteins were screened for their ability to bind zinc using Zinc-IMAC 
magnetic beads capture technique followed by nanoLC-MS/MS identification. We confirm and 
extend a list of candidate proteins found in our previous round of zinc binding protein capture 
based on manual microdissected tissues, Osborne fractionation and nanoUPLC/Q-TOF MS 
identification (Mohammad et al., 2013).  Among the most abundant zinc binding proteins 
detected were many members of the cupin superfamily, prolamin superfamily and specific 
isoforms of the late abundant embryogenesis proteins, dehydrins and metallothioneins. The 
overall Zinc binding proteins detected here represents a first zinc binding proteome of barley 
grains. We also detected many post translational modifications where some of them are 
related to the zinc binding capability of our top candidates. Furthermore, zinc-peptides 
adducts have been sequenced by MS/MS and possible zinc binding sites were identified in 
selected candidates. We propose that the identified major zinc binding proteins could 
represent the zinc storage proteins (ZSPs) candidates to be further validated for future zinc 
biofortification approaches. 
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Abstract 
Recombinant Barley endoprotease B2 (rec-HvEP-B2) has been produced in Pichia pastoris 
(Rosenkilde et al., 2013) and used in vitro as feed additive in non-fermented barley soaked 
feedstuff. This has increased the level of digestibility of feedstuff proteins by up to two fold 
within 12 hours of preincubation, prior to feeding (Christensen et al., 2014). The influence of 
cysteine and pH during the incubation period has been assessed by label free differential 
proteomics based on a nano-AcquityUPLC/QTOF premiere MS approach. The incubation of 
the barley soaked feedstuff at pH 4.3 had the greatest impact on both the solubilization and 
degradation of proteins. Insoluble proteins contain hordeins, storage proteins which account 
for about 55% of the total protein in the grain. Within the initial eight hours of pre-incubation, a 
significant hydrolysis of the soluble proteins has previously been noted in two different feed 
genotypes (cv Finlissa and Zephyr). This may be due to the action of the endogenous 
proteases. However, poor hydrolysis of the insoluble proteins has been detected in both 
genotypes. Hence, we have chosen pH 4.3 and eight hours from the initial soaking time as 
initial time point for adding the rec-HvEP-B2. The effect of rec-HvEP-B2 proteolysis during the 
additional four hours of incubation on multiple endogenous substrates and their proteolytic 
specificity  has been evaluated by label free quantification by application of nanoLC-MS using 
High definition Synapt G2-S MS instrument with Ion mobility capability (Waters, Milford, USA). 
Hordein hydrolysis and other proteins present in the insoluble fraction have been 
characterized with respect to the action of recHv-EP-B2. Cleavage site determination has 
been mapped due to the consecutive use of trypsin on the samples prior to LC-MS analysis. 
Differential proteomics and statistical analyses have been performed using TransOmics ver 
1.1 (Waters, Milford, USA). Peptide mapping of selected proteins showed a progressive 
degree of hydrolysis due to the action of rec-HvEP-B2. Furthermore differences at the 
quantitative level on peptides obtained from the treated versus control samples have been 
used to validate the in vitro specificity of cleavage of recHvEP-B2 with respect to multiple 
substrates. This study enables us to candidate recHvEP-B2 as an efficient protease with 
great potential applications as a feed additive for increasing the degradation and the bio-
availability of insoluble proteins.  
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Abstract 
Bio pharming is an emerging trend in the field of genetic engineering. The concept of 
traditional vaccine is revolutionized by the introduction of subunit vaccines. In contrast to 
traditional vaccine development strategy, a highly immunogenic subunit is exploited for the 
development of candidate vaccine. 

Hepatitis B is a significant cause of morbidity and mortality in developing countries, where a 
major portion of population remain devoid of vaccines against deadly diseases due to lack of 
pecuniary funds. Utilization of plants as bioreactors for the development of HBV vaccine can 
open a new avenue in this context. Bio pharming for the production of oral vaccine is 
desirable from many aspects. It offers a great deal of benefits from immunization stand point, 
including easy access, low cost and side effects, enhanced response of immune system at 
mucosal site as well as stimulation of humoral immunity. 

The plant cell enzymatic machinery can carry out post translational modification quite 
effectively as compared to yeast derived vaccine where chemical treatment is carried out for 
folding and assembling of immunogen into virus like particles VLPs 

The objective of the present study is to investigate the efficacy of tomato and barley as an 
expression platform for oral vaccine against HBV. Agroinfiltration with the highly immunogenic 
Pres2 and S will be deployed for transient expression assay and as an alternate to genetic 
complementation and stable transformation. 
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Abstract 

In the search of novel approaches for zinc biofortification of cereal grains, we present a new 
pool of zinc binding protein candidates which might act as sink proteins to store zinc in mature 
barley grains. Growing barley under three different zinc fertilization regimes resulted a 
correlating different Zn levels in the grain. A set of low, medium and high zinc grain has been 
selected for a label free differential proteomics approach based on nanoLC-MS/MS 
technique. Proteins have been extracted by a modified Osborne fractionation and subjected 
to MS/MS identification on a state of the art accurate mass/resolution instrument represented 
by the ThermoScientific Q-exactive platform. The MS1 profiles have been differentially 
analyzed by TransOmics ver.1.1 (Waters, Mildford, USA) and MS/MS peaks analyzed by 
PEAKS ver. 6.0 or the Proteome Discoverer 1.4 Platform. Results indicated that a pool of top 
abundant proteins in each Osborne fraction had been differential detected and this fits to an 
accumulation profile from low to high zinc containing grains. The log2 abundance parameter 
had been created as fold values. Absolute quantification of the amount of the detected 
proteins was possible due to a spike protein introduced into each sample for normalization 
and quantitative calculations. 

In order to validate the involvement of top abundant differential detected proteins as zinc 
binding proteins a NTAZn2+-magnetic beads capture technique have been set up and utilized 
in order to capture and enrich such proteins. For each Osborne protein fraction of the highest 
zinc containing grains a Zn2+-magnetic beads capture step had been performed and bound 
proteins processed directly in the beads and hence identified by nanoLC-Q-exactive MS. 
Results confirmed previously identified zinc binding proteins by use of low resolution MS 
instrument in our group and we identified number of new proteins due to the increased 
sensitivity of the Q-exactive MS instrument. We also detected many post translational 
modifications and some of them were related to the zinc binding capability of our top 
candidates. Furthermore, zinc adducts have been sequenced by MS/MS and possible zinc 
binding sites were identified in selected candidates. We propose that the identified major zinc 
binding proteins could represent candidates for future zinc biofortification approaches. 
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Abstract 

The utilization of feed by animals is never fully efficient and nutrients must be supplied in 
some level of excess in order to meet the physiological requirements of the animals. The level 
of excess must be as small as possible in order to minimize resource use and the leaching of 
nutrients from agricultural systems. Feed enzymes including microbial phytases, xylanases 
and proteases are deployed to promote feed utilization thus reducing the need to 
overcompensate. Unfortunately the action of feed enzymes is countered by inhibitors which 
have evolved in plants as part of their protection against microbes. This four year GUDP 
funded project aims to integrate plant breeding, genetics and protein chemistry in order to 
develop perfect matches of feed crop genotype and feed enzymes. Preliminary experiments 
have demonstrated that the degree of enzyme inhibition is variable between seed batches of 
different cultivars. To which extend this is influenced by cultivar/genotype or environmental 
factors is examined in field experiments. In order to advance plant breeding and enzyme 
development it is important to identify the genes responsible for the genetic component of the 
variation. While some inhibitor genes are known the full complement may be larger and 
undiscovered genes may underlie some the variation between cultivars. A functional 
screening will therefore be performed in order to unravel the specific inhibitors of applied feed 
enzymes. Wheat and barley grain expression libraries will be created in P. pastoris for this 
purpose and queried with selected feed enzymes in combination with chromogenic 
substrates. Differential proteomics and qRT-PCR will be used to connect the observed 
differences in inhibition to the candidate genes.The project consortium consists of Aarhus 
University, Sejet Plant Breeding, DLG and Novozymes. 


