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Role of the glutamine synthetase isoenzymes in abiotic stresses 
Zoltán Nagy 

Depar tmen t of Plant Biology, University of Szeged, Szeged, Hungary 

In plants, glutamine synthetase (GS. EC 6.3.1.2) is the key enzyme of primary nitrogen assimilation, as well as ammonia reassimilation 
and detoxification. GS catalyses an ATP-dependent conversion of glutamate to glutamine using ammonium derived from fertilizer, nitrate 
reduction, photorespiration in C3 plants, and numerous other sources including the catabolic release of ammonium during senescence. 
Plants have two different isoenzymes located in the chloroplast (GS2) and the cytosol (GSl) . In young leaves. GS2 plays a major role in 
fixing ammonium into amino acids. In old. senescing leaves it is proposed that glutamine is synthesized by GS l isoforms. 

Soil acidification and drought stress are the most important abiotic factors in agriculture. A decrease in soil pH may release water 
soluble, toxic aluminium species from clay minerals. Al interferes with a wide range of physical and cellular processes. Plant GS requires 
two magnesium ions per subunit for activity, which makes GS a potential target of metal stress. The objective of the first investigation was to 
prove that Al from an organic metal complex is able to activate GS. and Al becomes bound to the polypeptide structure of the GS molecule. 
Aluminium! III)-nitrilolriaceiic acid complex (AI(Ill)NTA) activated the GS prepared from wheat (Trit icumaesiivum L.) leaves, as Al** did 
in vivo, but could not functionally substitute magnesium ions, which were also necessary for the activity in the in vitro GS assay. GS2 was 
isolated by non-denaturing polyacrylamide gel electrophoresis, and the Al and Mg content of the enzyme was determined by inductively 
coupled plasma atomic emission (ICP) spectroscopy. The GS octamer remained intact and contained Mg2* bound to its specific sites after 
the electrophoretic separation. Al was detected in the AI(lll)NTA-ireated sample bound to the structure of the enzyme protein, potentially 
occupying one of the specific metal-binding sites of the subunits. Our results indicate that the activator effect of the AI(llI)NTA complex 
is due to the specific binding of aluminium to the polypeptide chain of GS2: however, the presence of magnesium at least on one of the 
metal-binding sites is essential for the active state of the enzyme. 

Drought stress may have a considerable impact on the ecosystem and agriculture. Drought stress induces early leaf senescence. Dur-
ing this process, chloroplasts are degraded and photosynthesis drastically drops. The objective of this investigation was to look into the 
regulation of nitrogen and carbon metabolism during water deficit stress. GS isoenzymes are good markers of the plastid status (GS2) and 
the nitrogen metabolism (GSl) . Tolerant and sensitive wheat genotypes were tested, which are widely used in agriculture. The amount of 
Kubisco (nbulose-l,5-bisphosphate carboxylase/oxygenase) and GS isotroms in leaves were measured dunng the grain filling period, as 
indicative traits that ultimately determine the onset and stage of senescence. The symptoms of senescence appear first on the oldest and 
finally on the youngest leaves. The sequentialily of senescence was disrupted in the sensitive varieties during drought stress. In the flag 
leaves an untimely senescence appeared, earlier than in the older leaf levels. Total protein and Rubisco content decreased and the GS2 
isoenzyme disappeared. These physiological parameters did not change in the tolerant varieties under drought as compared to the control, 
well watered plants, or only the gradient of senescence became steeper, indicating the acceleration of this process. 

Our results revealed the indicator role of GS in different abiotic stresses, which can be applied for characterization (classification) of 
wheal cultivars in terms of abiotic stress tolerance. 
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Focusing on the fuction of endogenous galectin-1 produced by activated T-cells 
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The immune system is a tightly regulated network that is able to maintain a balance of immune homeostasis under physiological conditions. 
Normally, when challenged with foreign antigen, specific response is initiated which aims restoring homeostasis. In this regard the final 
step during immune response is the elimination of the antigen activated specific lymphocytes by apoptosis. Death of the already function-
less cells may occur via different mechanisms including galectin-l (Gal-1), a P-galactoside binding mammalian lectin, which has been 
implicated in T-cell apoptosis. Recent studies from our and other laboratories showed that Gal-1 induces apoptosis of activated peripherial 
inflammatory Thl cells, hence participating in the down-regulation of the T-cell response. This cytotoxic effect of Gal-l is exerted by se-
creted. extracellular protein acting on Gal-1 binding structures on activated T-cells. On the other hand Gal-l is expressed in activated but 
not resting T-cells. However the cellular localization and function of the tie novo expressed Gal-1 in activated T-cells has not been revealed 
yet. Our aim was to determine the role of T-cell derived Gal-l in the regulation of T-cell viability. 

First we established Gal-l transgenic Jurkat T-cell line. JGal as a model of activated T-cells. Using JGal. we demonstrated that the 
transgene Gal-l remained intracellularlv and these cells became more sensitive to apoptosis induced by extracellular exogenous Gal-l 
delivered either as soluble or HeLa cell-derived protein. Moreover other cytotoxic reagents, such as hydrogen-peroxide and staurosporine 
induced lower apoptotic response compared to that of the non-transgenic (Ga l -1 ' ) Jurkat cells. 
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Then we analyzed Gal - l expression in activated peripheral T lymphocytes . In physiological T-cells G a l - l was expressed upon activa-
t ion. remained intraceliularly and as a consequence of Gal-1 express ion, activated T-cells responded with apoptosis to extracellular Gal-1 . 
T-cells were a lso isolated f rom patients suffer ing f rom an a u t o i m m u n e disease , systemic lupus e ry thematosus (SLE) . We found that S L E 
T-cells failed to express G a l - l upon activation and accordingly, these cells were more resistant to apoptosis induced by exogenous G a l - l . 

Our results show that Gal - l transgenic T-cell line. JGal resembl ing activated T-cells and physiological but not S L E activated T-cells 
express but do not secrete ga lec t in- l . T-cells producing intracellular Gal - l become more sensitive to apoptosis t r iggered by extracellular 
G a l - l . These data strongly indicate that intracellular Gal - l in activated T-cells contr ibute to the fine regulation of the termination of immune 
response and additionally, the failure of Gal - l expression in au to immune T-cells may regulate the disease o n s e t -
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Obesity research regarding lifestyle and socio-economic background among 
people of different age groups 
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Obesi ty def ined as excessive or abnormal fat accumulat ion has reached ep idemic levels in developed and developing countries too. The 
prevalence of obesi ty has risen considerably over the past three decades , and this trend cont inues nowadays . Accord ing to the Word Health 
Organizat ion approximate ly 1.5 billion adults were overweight globally in 2008. more than 200 million men and nearly 3 0 0 million women 
of which were obese. Furthermore, this problem does not only affect adults , but also children and adolescents ( W H O 2010). Increased risk 
of a number of l ife threatening diseases is linked to obesity, such as cardiovascular diseases, diabetes mell i tus, musculoskeletal disorders, 
d i f ferent f o r m s of cancers . In addition to health problems, obesity is also a serious financial burden both for the society and for the obese 
individuals (Bray 2004, Thompson et al. 1999). 

The fundamen ta l cause of obesity and overweight is an energy imbalance between energy intake and energy expendi ture . Although the 
genet ic background of obesity development is indisputable, and research advances have highlighted the impor tance of molecular genet ic 
factors in de termining individual susceptibili ty to obesity, it can not explain the wor ldwide obesity ep idemic . There is support ing evidence 
that d i f ferent envi ronmenta l factors, l ifestyle pre fe rences (global shif t in diet towards overconsumpt ion , and a trend towards decreased 
physical activity), cultural and socio-economic environment seem to play ma jo r roles in the rising prevalence of obesity (Stein and Colditz 
2004) , T h e purpose of our study was to examine the relat ionship be tween the nutritional status and certain soc io-economic and lifestyle 
factors a m o n g people of different age groups. 

596 high school s tudents (aged 14-18) and 1205 university students (aged 18-25) participated in the examina t ion . To est imate over-
weight , obesi ty and fat distribution, w e de termined body mass index (BMI) , waist c i rcumference and wais- to-hip ration (WHR) . We used 
quest ionnaires to gather the required information about the par t ic ipants ' l ifestyle and socio-economic background . 

Some of our key findings were: the prevalence of obesity was 14,3% a m o n g the high school s tudents (15 ,36% of boys and 12,41% of 
girls). 2 2 % of universi ty students were overweight (males: 33 ,1%; females : 15,5%). and 5 .2% of them were obese (males : 7 ,7%; females : 
3 ,8%). The result showed that parental educat ion level was related to the s tudents overweight ( lower level associa ted with higher BMI) . 
The prevalence of overweight and obesity decreased by number of daily meals , and the normal weight s tudents showed more f requent ly 
eat ing sweets than the overweight group. T h e majori ty of examined high school s tudents had weak physical abilities, and the Hungarofi t 
scores were negatively associated with BMI. The prevalence of overweight and obesity in adolescents living in a large ci ty (Szeged) was 
signif icant fewer compared to teenagers living in small town area (Jánoshalma) , and the former spent significantly less t ime in front of the 
T V and compute r in their free time. 

Addit ional ly, to e x a m i n e the benefits of regular exercise, 172 volunteers were recruited and enrol led in a 4 -month physical activity 
intervention p rog ramme. T h e decrease in BMI and percent body fat loss was significant. 
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