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Abstract:  

Black point of barley refers to the discolouration of the embryo end of the grain. Downgrading of malting 
barley to feed grade due to black point results in significant economic loss to the Australian barley industry. 
Discolouration appears to be a result of enzymatic oxidation of phenolic compounds within the grain with 
several biochemical pathways involved. To find individual proteins involved in black point formation we are 
using a broad-based proteomics approach. Using 2D gel electrophoresis, expression profiles of water-soluble 
and cell wall proteins from black pointed and healthy husk tissue have been compared. Identification of 
unique proteins involved with black point formation or susceptibility will aid in developing new germplasm 
with increased tolerance to black point. 
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Introduction:  

Black point refers to the discolouration of the husk and embryo tissue at the embryo end of mature barley 
grains. The discolouration develops during the later stages of grain development and is promoted by 
environmental conditions such as rainfall and high humidity (1). Black point affected grain is undesirable to 
maltsters and as a result malting grade barley with over 5% black point is downgraded to feed grade. This 
downgrading results in significant loss of income to growers and to the value of the Australian barley 
industry.  
 
Historically, black point was associated with a fungal infection of the grain by species such as Alternaria 
alternata (2, 3, 4). However, more recent studies have failed to establish a correlation between fungal 
infection and black point development (5, 6, 7, 8, 9).  
 
Current research being undertaken in Australia indicates that black point results from enzymatic oxidation of 
phenolic compounds in the grain to form a black pigmentation. Black point symptoms were reproduced in 
vitro in wheat grains by first soaking the grain in phenol followed by hydrogen peroxide (8). Due to the 
requirement of hydrogen peroxide (H2O2), peroxidase enzymes within the grain were proposed to be 
catalysing the browning reaction. Each of these components has now been examined in vivo to reveal 
possible roles in black point formation. High pI peroxidase isozymes are present exclusively in grain from 
susceptible varieties (9) while two peroxidase genes, BP1 and Prx7, are expressed for longer during grain 
development in susceptible varieties (10). The phenolic compounds p-coumaric and ferulic acid are 
significantly higher in husk tissue from black pointed barley grain (11). Although H2O2 is produced during 
various stresses such as wounding (12), its involvement in black point formation has not been well 
characterised. However, wounding at a microscopic level appears unique to black pointed grain (13). 
 
Because several biochemical pathways and enzymes appear to be contributing to black point development, 
the study of which particular enzymes are involved lends itself to a broad-based approach such as 
proteomics. Techniques such as 2D gel electrophoresis can isolate and identify in excess of 1000 proteins 
from a biological sample. We have been utilising such techniques to identify differences in the protein 
profile of black pointed and clean tissue in an attempt to identify key proteins involved in symptom 
formation. This will enable us to contribute to the biochemical model of how black point develops. The 
results presented in this paper will focus on the protein profile specifically obtained from husk material.  
 
 



Methods:  

Plant material 
The barley cultivar Sloop was grown at Millicent, South Australia and harvested at maturity in January 2005. 
Mature grains were sorted into black pointed and clean samples prior to dissection of the husk tissue from 
the embryo end of the grain (where discoloration is normally evident). 
 
Protein extraction 
Husk tissue was homogenised in a mortar and pestle with liquid nitrogen. The following steps were carried 
out at 4oC unless stated otherwise. Homogenised tissue was incubated in 1M KCl for 4 hours, with the 
insoluble material pelleted by centrifugation at 800g for 10 minutes. Proteins were precipitated from the 
supernatant in 15% TCA for 30 minutes on ice and the precipitate then pelleted by centrifugation at 12000g 
for 10 minutes. The pellet was then washed in acetone and resuspended in rehydration buffer [8M urea, 2% 
CHAPS, 0.5% ampholyte (Amersham Biosciences) and 20 mM DTT]. Protein concentration was determined 
using the RCDC protein assay (Bio-Rad). To extract water-soluble proteins the same method was used 
except 1M KCl was replaced with 5 mM Tris-HCl 1 mM CaCl2, pH 8.0. 
 
2D gel electrophoresis 
Protein extracts containing 50 µg of protein were used to rehydrate 7cm IPG strips pI 3-10 (Amersham 
Biosciences). Strips were focused for 8000Vhrs using an Ettan IPGphor isoelectric focusing unit (Amersham 
Biosciences). Second dimension SDS-PAGE was carried out using NuPAGE 4 to 12% Bis-Tris Zoom gels 
(Invitrogen) according to the manufacturer’s recommendations. Gels were then fixed for 30 minutes in 30% 
ethanol and 10% acetic acid. Proteins were then stained overnight using colloidal Coomassie Brilliant Blue 
(cCBB) (0.01% w/v Coomassie G250, 30% methanol, 17% w/v ammonium sulphate and 3.6% phosphoric 
acid) and destained in water for several hours prior to image analysis. 
 
Image analysis 
Images were scanned using an Image Scanner II (Amersham Biosciences). Three independent protein 
extractions were performed for each sample and duplicate gels were prepared from each extraction. Protein 
spots were detected using Image Master Elite 2D v3.01 software (Amersham Biosciences). 
 
Results and Discussion:  

Over 140 ionically bound proteins were isolated from husk tissue 
Previous studies have found undectable levels of water-soluble protein present in mature husk tissue (14). 
Very low levels of protein were detected in this study when 5 mM Tris-HCl, 1 mM CaCl2, pH 8.0 was used 
to extract proteins (results not shown). These low quantities of water-soluble protein may be due to mature 
husk tissue being predominantly comprised of cell wall material. Cell wall associated proteins are generally 
bound by either ionic or covalent interactions. To release ionically bound cell wall proteins salt containing 
extraction buffers are commonly used. The low levels of proteins extracted in this study compared to the 
undectable levels previously reported (14) may be due to the 1 mM CaCl2 present in the extraction buffer, 
releasing proteins bound by relatively weak ionic interactions.  
 
In contrast when we used 1M KCl to extract husk proteins, a significant amount of protein was extracted, 
suggesting that a large number of proteins present in mature husk tissue are bound to the cell wall via ionic 
interactions. After separation of the protein extract using 2D gel electrophoresis approximately 140 protein 
spots could be identified with cCBB staining (Figure 1).  
 
Several different salt solutions were trialled in this study by using sequential extraction of the same tissue. 
These included 1M NaCl, 1M CaCl2 and 3M LiCl. Following extraction with 1M KCl, no detectable levels 
of protein could be extracted by re-extracting the same tissue with different salt solutions.  
 
Interestingly a number of proteins proposed to be involved in black point development are found within the 
cell wall of plants. Enzymes such as peroxidase (15) and hydrogen peroxide-producing enzymes such as 
germin-like proteins (17) are found in the cell wall of barley plants. This highlights the importance of 
studying both the cell wall protein fraction as well as the soluble protein fraction in relation to black point.  



 

Figure 1.  Representative 2D gel electrophoresis images of husk proteins extracted from mature grains 
of the cultivar ‘Sloop’. Proteins were extracted with 1M KCl from black pointed (A) and clean grain 
(B) to allow comparison. Boxed regions (1, 2, 3) are shown in more detail in Figure 2.  

 
The protein profile differs in black pointed husk tissue 
Comparisons were made between the protein profiles of black pointed and clean samples (Figure 1). The 
reproducibility of the protein profile between replicates was generally good. Several proteins were present, 
absent or differed in abundance between samples. These included a cluster of proteins with lower expression 
in black pointed tissue of approximately 45 kDa in size (Figure 2.1). Higher protein expression was also 
observed for clusters between 20 to 25 kDa in size at both the basic and acidic pH regions (Figures 2.2 and 
2.3 respectively). Proteins are currently being identified using mass spectrometry methods.  
 

 
 
Figure 2. Close-up view of boxed areas from Figure 1. Circles show proteins with different profiles 
between black point and clean samples. Proteins approximately 45 kDa in size are shown in (1), while 
those in (2) and (3) represent proteins of 20 to 25 kDa.  

 



Conclusion:  

Although husk tissue from mature barley grain contains little water-soluble protein, we have shown that a 
significant quantity of protein is bound to the cell wall via ionic interactions. Differences have also been 
observed between the protein profile of black pointed and clean samples. These proteins are currently being 
sequenced. Our group is also examining proteins present in the whole grain in relation to black point. 
Comparisons are being made between black pointed and clean whole grain protein extracts to identify other 
proteins possibly involved in black point development as the embryo region of the grain also appears to be 
implicated in black point development (13). A proteomics approach is also being used to compare 
susceptible and tolerant cultivars with the aim of identifying proteins associated with tolerance. Identification 
of associated proteins will allow us to further build on the biochemical model of how black point forms. 
Knowledge of the key proteins involved in black point development will also assist in breeding new varieties 
with increased tolerance to black point. 
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