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1. PRELIMINARIES, AIMS 
 
As a result of intensive research work started at the end of 19th and beginning of the 

20th century we obtained a detailed picture about chemical composition of wheat and 

about role of individual constituents – particularly storage proteins – in the formation 

of quality. After clarifying the relations between the glutenin subunits and the quality 

of wheat it seemed that the ways of effective methods of breeding and prediction of 

quality are found. The quality prediction and breeding programs based on spectra of 

high-molecular-weight glutenin subunits ( the Glu1-score system) were widely used. 

The modern processing technologies, the growing requirements concerning the quality 

posed newer questions to be answered. Namely, the quality of some wheat varieties is 

fluctuating, however, on the other hand, the modern processing technology needs a 

stable quality. This means that it should be clarifiyed which factors influence the 

change and also how could be eliminated this fluctuation of quality. It seems evident 

that for an adequate answer better knowledge of biochemical processes connected with 

storage proteins are needed. 

This research started about forty years ago and became intensive in recent time. As a 

result of these investigations we have a detailed insight in the process of wheat protein 

synthesis. The peptides are synthetized on ribosomes bound on endoplasmatic 

reticulun (ER) and after splitting of signal peptide, these are transplaced on other side 

of membrane. In the first period the proteins form individual protein bodies. Later the 

individual protein bodies diminish and a continuous matrix embedding the starch 

granules is formed. 

Several researchers confirmed that the applied agricultural technology (particularly 

fertilizers) and the weather conditions (rain, number of sunny days) have a significant 

effect on dynamics of protein synthesis and the ratio of macrofractions1,2,3. Relatively 

few attention was paid to study the synthesis of individual polypeptides and their 

interactions. Here, first at all, the interaction of glutenin subunits may be mentioned. 

Earlier research done at our department has shown4, that from peptide mixtures having 

                                                
1 Carceller, J. L. and T. Aussenac (2001). Australian Journal of Plant Physiology 28(3): 193-201. 
2 Dupont, F. M. and S. B. Altenbach (2003). Journal of Cereal Science(38): 133-146. 
3 Naeem, H. A. and F. MacRitchie (2005). Journal of Cereal Science 41(1): 7-12. 
4 Lásztity, R. (1969). Periodica Polytechnica. Chem.Eng(13): 239-248. 
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Oral presentation in Hungarian 
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Konferencia (2007). 

Publication in proceedings of international conference in English 

12. Lásztity R., Király I., Baticz O., Guóth A., Abonyi T., Tömösközi S., Gergely 
Sz.: Biosynthesis and in vivo and in vitro polymerization of glutenin subunits 
and its effect on quality of wheat. In Flour - Bread ’05 (Proceedings of 3rd 
International Congress Opatija, Croatia), Ed by Hardi Z.U., p. 49-56 (2005). 

13. Lásztity R., Abonyi T., Tömösközi S.: How to improve the quality prediction of 
wheat? In Flour - Bread ’07 (Proceedings of 4th International Congress Opatija, 
Croatia), Ed by Hardi Z.U., p. 1-6 (2007). 

14. Lásztity R., Abonyi T., Budai M, Tömösközi S.: Determination of 
hydrodynamic properties – an useful tool in study of gluten quality. In Flour - 
Bread ’09 (Proceedings of 5th International Congress, Opatija, Croatia), Ed by 
Hardi Z.U., p. 1-8, (2009). 

Abstract in proceedings of international conference in English 

15. Király I., Baticz O., Larroque O., Juhász A., Tömösközi S., Békés F., Guóth A., 
Abonyi T., Bedő Z.: Relationship between functional properties of wheat dough 
and the relative proportion of the polymeric fraction. In The Gluten Proteins 
(Proceedings of the 8th Gluten Workshop, 2003 in Viterbo, Italy), Ed by 
Lafiandra D., Masci S. and D’Ovido R., Published by RCS, p. 323-326 (2004). 
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the same peptide composition glutens of quite different rheological properties may be 

obtained by changing the conditions (concentration, pH, urea concentration) of 

reoxidation (formation disulfide bonds). Taking in mind the facts mentioned above the 

following research program was elaborated: 

 - Study of the dynamic of synthesis of monomeric (gliadin, glutenin 

subunits) storage proteins 

 - Study of the in vivo polymerization of glutenin subunits and the dynamic 

of gluten formation 

 - Rheological properties of gluten and is interaction with other proteins. 

 

2. METHODS 
 
For study of biosynthesis of monomeric storage proteins wheat samples from two 

years (2005 and 2006) were used and studied from 12.day post anthesis (DPA) till 

harvesting (53. DPA). The mass of kernels, dry matter and water content was 

determined on the day of sample taking. After homogenization the sample was grinded 

and the flour and bran separated (a sieve of 250 m was used).After determining the 

protein content of the flour the separation of storage proteins was realized by RP-

HPLC.  

The in vivo formation of gluten polymer was studied in kernels of variety Ukrainka 

(HMW-GS composition 1, 7+8, 5+10) in year 2006 during grain development (19-52 

DPA). After drying, the kernels were grinded by a laboratory mill. The flour was used 

for gluten washing by traditional method. The separation of polymeric fractions based 

on size was realized by SE-HPLC and their quantity by RP-HPLC. The hydrodynamic 

properties of gluten were studied by a modified Oswald-Fenske capillary viscosimeter. 

For study of interaction of gluten proteins and proteins of pseudocereals protein 

isolates of amarant and quinoa seeds were used. The rheological properties of different 

dough samples were investigated by micro-valorigraph. 

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.

http://www.novapdf.com


 4 

 
3. RESULTS 
 
3.1. Biosynthesis of monomeric storage proteins. 

 
The changes of total protein content and the relative quantity of individual storage 

proteins were determined. It was stated that during the kernel development the 

synthesis of storage proteins has a similar dynamic. The relation of the rate of 

accumulation and the DPA may be characterized by a sigmoid curve. 

 

In contrast to earlier published data we succeded to determine the dynamic of 

synthesis not only for total gliadin but also for different groups (-gliadins) 

of gliadins. Well measurable quantities of gliadins were detected as early as 15-16 

DPA using RP-HPLC technique. The period of intensive accumulation started at 20-26 

DPA and sustained till 40-43 DPA. In the period of full ripening a stagnation and even 

decrease was observed due to drying and potential interactions. The synthesis of 

different types of gliadins seems to be syncronized. 
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Figure 1.: Biosynthesis of gliadin storage proteins 

 

 

In addition to study of the synthesis of total glutenin we succeeded to follow the 

process of accumulation of individual glutenin subunits.. The presence of HMW and 

LMW glutenin subunits may be observed in early stage of kernel development, 

however, their intensive synthesis starts later and ends before full ripening. Minor 
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5. POTENTIAL PRACTICAL APPLICATIONS 

 

In addition to informations obtained by chromatographic and electrophoretic methods ( 

such as RP-HPLC, SE-HPLS, PAGE etc.). study of the hydrodynamic properties may 

be a useful tool in obtaining additional informations about gluten proteins including 

their technological quality. Here the potential use of degree of decrease of viscosity of 

gluten solutions as quality index may be mentioned. 

 5 

deviations were observed in the synthesis of LMW-s in the case of high –quality 

Bánkuti 1201 variety. The individual HMW-s (Dy, By, Dx, Bx, Ax) are synthetized 

sinchronously. From quantitative point of view the subunits coded by chromosomes B 

and D are dominating.  
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Figure 2.: Biosynthesis of HMW- and LMW subunits 

 

3.2. Study of the polymeritation of glutenin subunits and the dynamic of gluten 

formation during kernel development 

 
Studying the dynamic of gluten formation by gluten washing from flour samples it was 

stated that till 24. DPA no formation of cohesive elastic gluten was obderved, although 

some gluten forming proteins were synthetized even in early period (12. DPA) of 

kernel development. It is suggested that the lack of gluten formation is connected on 

one hand with the low concentration of proteins (lower than a hypothetic critical 

concentration needed for network formation) and on the other hand with low degree of 

polymerization of subunits. In the critical period (12-24 DPA) the quantity of HMW 

and LMW is about 3,3-0,5 mg/kernel. For determination of critical degree of 

polymerization further research is needed. 

Based on RP-HPLC chromatograms the ratio of HMW and LMW subunits changes in 

the period from 12. DPA to 29. DPA. Till 29. DPA an inrease of ratio HMW/LMW 

was observed and it was later stabilized.  Parallely an increase of ratio of UPP 
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occurs.After 29. DPA no additional increase of UPP was observed suggesting that the 

polymerization process (formation of covalent untermolecular bonds) is ended. 

The chemical splitting of disulfide bonds connecting the subunits may be well 

followed by measuring the decrease of viscosity of gluten solution. Similarily, the 

reoxidation is connected with increase of viscosity. Based on facts mentioned above 

we studied the viscosity of solutions from gluten samples obtained in different periods 

of kernel development. The measurements confirmed that during kernel development 

the viscosity of gluten solutions (adjusted to same protein concentration) increased. A 

good correlation (r= 0,87 ) was found between viscosity an UPP data. The results 

confirmed that using viscosimetry (Oswald capillary viscosimeter) the accumulation of 

glutenin and polymerization process during kernel development may be followed 

(Fig.3.). 
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Figure 3.: Change of viscosity of gluten solution during kernel development 

 

 

3.3. Interaction of gluten proteins with proteins of amaranth and quinia 

 

The addition of protein isolates from amaranth and quinoa seeds improved the 

rheological properties of wheat-flour-dough. This suggests absence of structural 

incompatibility between these proteins. 
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4. THESES 

 

1) The dynamic of biosynthesis of total gliadin and different types of gliadin 

(- gliadins) during kernel develpment may be well characterized by a 

sigmoid curve. In the period of full ripening stagnation or minor decrease may occur 

probably due to loss of water and and interactions caused by it. The synthesis of 

different groups of gliadins seems to be synchronized (1.). 

 

2) The presence of HMW and LMW glutenin subunits may be detected already in 

the early stage of kernel development. Their intensive synthesis starts later and ends 

before the total ripening. The HMW subunits (Dy, By, Dx, Bx, Ax) are synthetized 

synchronously. From quantitative point of view the subunits coded by chromosomes D 

and B are dominating (8.). 

 

3) No cohesive, elastic gluten was formed till 24. DPA although some gluten-

forming proteins were synthetized already in early period (12. DPA) of kernel 

development. The quantity of sythetized proteins and their polymerization degree does 

not reach the critical concentration and critical degree of polymerization (4.). 

 

4) The accumulation of HMW and LMW subunits reaches its final level and the 

final ratio of HMW/LMW at 29. DPA. Since this date no significant changes occur in 

the HMW/LMW ratio and also in the UPP ( unextractable polymeric protein ) ratio. 

This suggests that the polymerization process is slow in this period of ripening (4). 

 

5) An increase of viscosity of gluten sample solutions – obtained in different 

periods of kernel development - was found. Parallely with this increase a growing ratio 

of UPP was also observed. It was confirmed that the study of hydrodynamic properties 

of gluten ( e.g. by viscosimetry ) is suitable to follow the synthesis of glutenin and the 

polymerization process of glutenin subunits (4). 

 

6) The addition of protein isolates from seeds of amaranth and quinoa to the wheat-

flour-doughs resulted in improvement of rheological properties. This suggests absence 

of structural incompatibility between gluten proteins and proteins of these 

pseudocereals (5). 
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