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Functional characterization of candidate genes in barley: transgenic plants and 
grown cultivars 
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Barley (Hordeum vulgare L.) is one of the major and most distributed crops in the world. Currently it is becoming a novel cereal model 
plant represent ing a number of smal l -grain cereal species. While the barley g e n o m e is similar to that of other cereals , it is amenab le to 
explorat ions of molecular genet ics through its true diploidy. 

The first Agrobacter ium-media ted barley t ransformation reports was publ ished in 1997 by Tingay and co-workers , us ing the variety 
called Golden Promise. T h e method that we established here was developed fo r this model cultivar and it 's based upon protocols by Trifo-
nova et al. (2001) and Kumlehn ( IPK, Gaters leben, unpublished). 

The selected genes we used for the plant t ransformat ions can be divided into the fol lowing three subgroups: 
1. The regulators of the cell divison cycle: MsCDKB2;l (a Medicago saliva cyclin dependent kinase which plays a central role in regu-

lation of the cell cycle, in part icular in the G2 /M phase transition and in mitosis) . In previous studies it revealed that the overproduct ion of 
the MsCDKB2;l resulted in significant changes in agronomical ly imponant parameters in transgenic rice (Lendvai et al.. unpubl ished) . 
Other genes of this group, like O s P P 2 A B " regulatory subunit . OsRBRl2 . O s R B R l 5 are previously identified interactors of rice ret inoblas-
toma-related protein. O s R B R l . Since cell cycle regulatory funct ions of the ret inoblastoma proteins are primarily modula ted by changing 
their phosphorylat ion status, in planla s tudies of the OsRBR l interaction partner, the O s P P 2 A protien phosphatase B " regulatory subunit 
is particularly important f rom this viewpoint . 

2. The "oxidative s t ress-defense g e n e s ' . First t ransformation f rom this g roup of genes were made by the a l fa l fa a ldo-keto reductase. 
MsALR. Th i s e n z y m e plays important role in detoxification of the reactive a ldehydes issued dur ing oxidative stress, and helps the recovery 
of the plants (Oberschal l el al. 2000) . In order to accumula te protective enzymes in different subcellular compar tmen t s w e constructed a 
vector for chloroplast targeting of protective enzymes using the transit pept ide encoding region of the barley Rubisco L S U gene . 

3. T h e genes involved in grain s ize determinat ion (GW2, GIFI). Loss of GW2 funct ion increased grain width, weight and yield (Song 
et al. 2007) Antisense approach results increased grain size, even with constitutive expression of gene f ragment in t ransgenic rice. We have 
identified and cloned the homologous gene f rom barley, a specific f ragment of it was used for the generat ion of HvGW2 ant isense plants. 
GIFI (GRAIN INCOMPLETE FILLING I ) gene that encodes a cell-wall invertase required for carbon parti t ioning dur ing early grain-
filling (Wang et al. 2008) . GIFI is responsible for grain weight reduction, ectopic expression of the cultivated GIFI gene with the 35S or 
rice Waxy p romote r resulted in smal ler grains, whereas over-expression of GIFI driven by its native promoter increased grain product ion. 
These findings, suggest that GIFI is a potential domest icat ion gene and that such a domest icat ion-selected gene can be used for fur ther 
c rop improvement . 

Establ ishing a reliable barley t ransformat ion technology is very important fo r the funct ional characterization of candidate genes and 
and the produced t ransgenic lines are subjec t for fur ther studies. 

Th is work is supported by the N A P _ B I O _ 0 6 - N E W S E E D S research grant . 

Oberschall. Deák M, Török K. Sass L. Vass I. Kovács I, Fehér A. Dudits D. Horváth VG (2000) A novel aldose/aldehyde reductase protects transgenic plants against 
lipid peroxidaiion under chemical and drought stresses. Plant J 24(4):437-446. 

Song XJ. Huang W. Shi M. Zhu MZ. Lin H-X (2007) A QTL for rice grain width and weight encodes a previously unknown RING-type E3 ubiquitin ligase. Nat 
Genet 39(5):623-630. 

Tingay S. McElroy D. Kalla R. Feig S. Wang M. Thornton S, Brettel R (1997) Agrobacterium tumefaciens mediated barley transformation. Plant J 11:1369-1376. 
Trifonova A. Madsen S. Ölesen A (2001) Agrobacterium mediated transgene delivery and integration into barley under a range of in vitro culture conditions. Plant 

Sci 162:871-880. 
Wang E. Wang J. Zhu X. Hao W. Wang L. Li Q. Zhang L. He W. Lu B. Lin H. Ma H. Zhang G. He I Z (2008) Control of rice grain-filling and yield by a gene with a 

potential signature of domestication. Nat Genet 40(11): 1370-1374. 

Supervisor: Gábor V. Horváth 
E-mail: nbetty@brc.hu 

Molecular basis of the blood-brain barrier function 

Péter Nagyőszi 
Laboratory of Molecular Neurobiology, Institute of Biophysics, Biological Research Center, Hungarian Academy of 
Sciences, Szeged, Hungary 

One of the most important func t ions of the mammal i an blood-brain barrier ( B B B ) is to restrict the f ree movement of d i f ferent substances 
between blood and neural t issue, and it plays a key role in the homeostas is of the central nervous system. The principal componen t s of 
the B B B are the cerebral endothel ia l cel ls that fo rm a cont inuous monolayer and are interconnected with tight junc t ions and adherens 
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junc t ions . T h e tight junc t ions are composed of t r ansmembrane proteins (occludins. c laudins. junc t ional adhesion molecules) connected 
to junct ional p laque proteins (i.e. Z O - l ) . The t r ansmembrane proteins of the adherens junct ions are the cadher ins linked through catenins 
(a lpha, beta, g a m m a ) to the cytoskeleton. 

T h e blood-brain barrier is involved in a large variety of pathological processes. Little is known about the e f fec ts of nicotine exposure 
on B B B funct ion . We investigated the changes affect ing the light and adherens junct ion proteins by cigaret te smoke components , especially 
nicot ine and polyaromat ic hydrocarbons (PAHs). 24h t reatment of cerebral endothelial cel ls with relatively high concentrat ion nicotine 
led to a decrease in occ ludin . cadher in and Z O - l express ion. Similar but less pronounced ef fec ts were observed af ter 24 h treatment with 
phenanthrene . Resul ts of the immunof luorescen i analysis conf i rmed western blot data. We also per fo rmed two dimensional electrophoresis 
in order to explore the cel lular proteins responsive to nicotine and PAHs in brain endothelial cells. We observed different responses of the 
cells to both nicotine and phenanthrene treatment resulting in altered expression of shock induced proteins, metabol ic enzymes , signaling 
molecules . Th is conf i rms the cerebral endothe l ium as being a target to cigarette smoke components (Hutamekal in et al. 2008). 

From clinical point of view, because of the relative impermeabil i ty of the barrier many drugs are unable to reach the C N S in therapeuti-
cally relevant concentra t ion, m a k i n g the BBB one of the ma jo r impediments in the treatment of C N S disorders. A number of strategies have 
been developed to c i rcumvent this problem. One of the successful ly used methods to deliver drugs - especial ly ant i tumorai agents - to the 
C N S is the osmot ic open ing of the B B B using manni tol . Th is causes a rapid opening (within minutes) of the B B B which is reversible. 

We investigated the e f f ec t of manni to l t reatment on brain endothel ia l cells and found that manni to l induced a rapid, concentrat ion 
dependen t , and reversible tyrosine phosphoryla t ion of a broad range of proteins between 50 and 190 kDa. One of the targets of tyrosine 
phosphoryla t ion turned out to be the adherens junc t ion protein beta-catenin and this phosphorylat ion was Src-kinase dependent (Farkas 
et al. 2005) . 

Beside beta-catenin and Src kinase , w e a imed to find new signaling pa thways activated by hypertonici ty in cerebral endothelial cel ls 
and identified the receptor tyrosine kinase Axl to become tyrosine phosphorylated in response to hyperosmot ic mannitol . Besides activation. 
Axl was a lso cleaved in response to osmot ic stress. Specif ic knockdown of Axl increased the rate of apoptos is in hyperosmot ic mannitol-
t reated cel ls : therefore , w e a s s u m e that activation of Axl may be a protective mechan i sm against hyper tonic i ty- induced apoptosis . Our 
results ident i fy Axl as an important e lement of osmot ic s tress- induced signalling. (Wilhelm et al. 2008) . 
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O u r model organism, Thiocapsa roseopersicina BBS is an anaerobic, phototrophic purple sulfur bacterium. There are at least two membrane-
bound ( H y n S L and H u p S L ) and one soluble ( H o x E F U Y H ) [NiFe] hydrogenases in the cells. A typical [NiFe] hydrogenase is composed of 
a large and a small subuni t . The large subunit harbors a specific NiFe catalytic metal locenter associated with C O and C N ligands (Volbeda 
et al. 1995.) The maturat ion of these complex e n z y m e s require numerous accessory proteins. Most of these auxil iary genes were found 
using t ransposon mutagenes is , one of them was the hupK gene . (Mar6ti et al. 2003.) The product of this gene, the HupK protein is present 
only in o rgan i sms conta in ing at least o n e membrane -bound [NiFe] hydrogenase enzyme. 

T h e role of HupK is not known yet. In order to investigate the role of this protein. MiupK mutant strains were created, then the hy-
d rogenase act ivi t ies of the wild type and the mutant s t rains were compared . The results clearly showed that HupK protein is important for 
the format ion of the funct ional ly active membrane -bound hydrogenases . but not for the biosynthesis of the soluble enzyme. (Maroti et al. 
2003. ) 

More detai led informat ion can be obtained f rom biochemical experiments. Special expression vector was used to produce active, tagged 
HupK protein in h o m o l o g o u s host . The tagged HupK protein was purified under mild condi t ions to retain all protein-protein interactions 
and the copur i f ied proteins were analyzed by m a s s spectrometry . From cells grown under standard condi t ions, only one protein partner, 
namely the G r o E L chaperon in cou ld be fished out. T h e specif ic role of GroEL in the hydrogenase maturat ion is not likely, therefore al-
ternat ive growth condi t ions were used to find the specif ic partners. Nickel starvation of the cells is supposed to result in the accumulat ion 
of the in termedia tes of the post translat ional process. Therefore , the tagged HupK protein was purified f rom such cells, however only one 
co-pur i fy ing band was observed: the PuhA protein, which is the H subunit of the photosynthet ic reaction centre. 
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