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Biohydrogen production using the cellulose containing plant biomass 

Zsófia Herbel 
Department of Biotechnology, University of Szeged, Szeged, Hungary 

There are many ser ious gobal p rob lems caused by mankind in the last dacades . Among these, two have ous tanding impor tance: a) the 
enviromental ly friendly, biological degradat ion of the large amoun t s of organic waste poduced by the industrial sector: b) as well as the 
re inforcement of the energy supply by renewable energy source and the substi tution of the current energy carriers by environmental ly sound 
fuels . Hydrogen is considered as the best candidate for the future energy carriers, since just pure water is formed during its oxidat ion. There 
are biological tools for producing hydrogen and hydrogen evolving photosynthet ic or fermentative microbes are primarily involved in these 
processes. In the dark fermantat ive processes, usually b iopolymers of agricultural origin used to be the substrate, which have to be first 
convened to simpler m o n o m e r s being fed to the hydrogen producing bacteria. Strains capable to convert and utilize complex b iopolymers 
a r e o f e x t r m e importance. One of the best candidates is the Gram positive, hyperthermophilic. anaerobic Caldicellulosiruptor saccharolyticus. 
(Bagi et al. 2007) Its biotechnological importance is that it is capable to degrade cel lulose-based biomasses , such as paper, or energy plants 
(which are found in the large quanti t ies) and has hydrogenases for removal of excess electrons formed dur ing the fermentat ive metabol ism. 
The genome of this bacter ium is available and the strain was shown to possess not only numerous glycosidases required for the hydrolysis 
of d i f ferent kinds of polysaccharides , but also hydrogenase enzymes responsible for hydrogen product ion. 

In our g roup an enviromental ly f r iendly biological method have alredy been developed by wich w e waste of animal origin cou ld be 
t ransformed to hydrogen. (Bálint et al. 2005.) 

In my work I a im at adapting this process to cel lulose-based waste of plant origin. Morover .on the basis of the known genome of this 
organism, I intend to crea te a genetically modified strain which is capable of degrading the avaible b iomass (currently filter paper) more 
efficiently and thereby producing significantly higher amoun t s of hydrogen. 

According to our a ims, I studied the hydrolysis of untreated filter paper in batch fermentat ion condi t ions in the presence of six various 
kinds of sugar using minimal media containing no other carbon sources. In paralel. I monitored the hydrogen evolut ion f rom sugars and 
filter paper alone and various combinat ions . 

My results clearly showed, that C. saccharolitycus was able to degrade the untreated filter paper and to produce abundance hydrogen 
f rom this material in the presence of minimal amount of sugar. F r o m the sugar specificity, it is likely that these sugars are basical ly neces-
sary for the induct ion of cel lulase enzymes. , thus paper decomposi t ion can be promoted by sugars. 

For better understanding the molecular background of the events and for fur ther improvement of the process genetically modif ied strains 
should be constructed. However , no protocol is available for gene transfer into C. saccharolyticus. In order to in t roduce foreign D N S into 
the cells, a funct ional genet ic sys tem has to be developed. As a first step, the efficient plating technique was amel iora ted and numerous 
suitable vectors (replicative and non replicative) were collected and constructed to achieve sustainable vector replication o r to modi fy the 
given part of the genome . Fur thermore the development of an efficient method for introduction of foreign DNA is a lso requisite. 

My future p lans are the opt imizat ion of the paper decompos i t ion condi t ions, gett ing deeper insight into the the molecular mechan i sm 
of the paper /sugar metabo l i sm —> hydrogen conversion. 
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Construction and characterization of synthetic genetic oscillator in yeast 

Anita Kapus 
Institute of Plant Biology, Biological Research Center, Hungarian Academy of Sciences, Szeged, Hungary 

The design of gene expression sys tems with both spatial and temporal regulat ion has been an area of intense scientific interest dur ing the 
last ten years . Our a im is to create a synthetic genet ic circuit in yeast based on transcriptional - t ranslat ional feedback loops mimick ing the 
structure (input, oscillator, output) and funct ion (self-sustaining oscillation and resetting) of eukaryot ic circadian clocks. The circuit will 
serve as an ideal test sys tem for mathematical modeling descr ib ing oscil latory mcchan i sms (eg. circadian clocks), s incc all componen t s arc 
known, well character ized and can be easily modif ied/adjus ted in order to test predict ions f rom the model . The main requi rements fo r such 
a system are: a genet ic network with well defined components , which do not interfere with the physiology of yeast; opt ion to se t /modi fy 
the expression level / tum-over rates of components , proper input/resett ing mechanism and easily measurable output (in vivo, real- t ime). 

First we created and tested componen t s for the input pa thway of the oscillator. In the circadian sys tems of eukaryotes , external s ignals 
(e.g. light and/or temperature) reach the oscillating genet ic network through the input pathway and cause an acute change in the expression 
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or stability of one o r more oscillator components , which consequent ly resets the phase of the oscillation. In our system, light act as a resetting 
signal via an artificial light switch. T h e switch is based on the l ight-dependent interaction between the plant photoreceptor phytochrome A 
(PHYA) and its specific interacting protein F A R - R E D E L O N G A T E D H Y P O C O T Y L I ( F H Y l ) |Hil tbrunner , 20051. The activator and the 
DNA-b ind ing doma in of the G A L 4 transcription factor are fused to FH Y l and PHYA. respectively, so transcription f rom GAL4-dependen t 
p romote r s is act ivated only by the physical interaction be tween PHYA and F H Y l in mutant yeast cel ls lacking the e n d o g e n o u s G A L 4 
protein. Red light converts PHYA to its active form, which interacts with F H Y l ; however, far-red light d iminishes the interaction, because 
it converts PHYA to its inactive confo rmer . To test the funct ion of the light switch we measured expression of the G A L l promoter driven 
luciferase reporter gene ( G A L l :LUC+) . We showed that luciferase activity is tightly controlled by red or far-red light pulses indicating the 
proper func t ion of the light swi tch . 

T h e core c o m p o n e n t s of the oscil lator (termed "Yeascil lator") are represented by two artificial genes whose gene products can mutually 
regulate transcription of each other. Express ion of the posit ive protein [Gari, 1997] is driven by a modular promoter , which conta ins cis-
e l emen t s for coppe r induction and for binding of the negative component protein. The basal activity of this promoter is controlled by copper 
in the med ia . The posit ive protein is a fusion be tween the te l racycl ine-responsive transactivator (tTA) and the Y F P proteins. tTA-YFP is 
able to bind to a specific c i s -e lement {tetO) built in the promoter of the second gene encoding the negative protein. Binding of tTA-YFP 
can be control led by doxycycl ine and results in the activation transcription. The negative protein consis ts of the DNA-binding domain of 
the bacterial LexA protein, the yeast transcriptional repressor S S N 6 and the C F P proteins. LexA-CFP-SSN6 binds to the modula r promoter 
of the first gene via specif ic LexA binding sites and represses transcription. The different fluorescent protein tags ( Y F P and C F P ) allow 
s imul taneous detect ion and quantif icat ion of the positive and negative protein components . The output of the oscillator is represented L U C + 
repor ter gene controlled by a promoter , which responds to the posit ive component only. Our prel iminary results indicate that the two genes 
can regulate each o ther as expected , but detect ion of osci l lat ion will require more optimizations. 

Gari H. Picdrafila L. Aldea M. Herrero E (1997) A set of vectors with a tetracycline-regulatable promoter system for modulated gene expression in Saccharomyces 
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T h e p e r f o r m a n c e of the human cerebral cortex is unparalleled by the nervous system of other species and this is presumably supported by 
ref ined, but largely u n k n o w n features of the human microcircui t . We have shown that single action potentials in pyramidal cells can trigger 
reliable and s tereotyped series of mult iple postsynaptic potentials in s imultaneously recorded pyramidal cells and in temeurons in the hu-
man cerebral cortex. These polysynapt ic event series are c o m p o s e d of al ternating excitatory and inhibitory postsynaptic potentials lasting 
up to tens of mi l l i seconds (Molnar . Olah et al. 2008) . 

We tested how these complex network events could be af fec ted by the endogenous neurotransmit ter serotonin known to be involved in 
several physiological processes , and implicated in many psychiatr ic disorders (Jones and Blackburn 2002). We recorded f rom pairs, triplets 
and quadruple t s of neurons in sl ices of human associat ion cort ices looking for mono- and polysynaptic connect ions . Nanomola r concentra-
t ions of serotonin reversibly supressed single pyramidal spike activated di- and polysynapt ic events, and this e f fec t could be mimicked by 
the 5 -HT-2 receptor agonist a lpha-methylserotonin . Similarly, a lpha-methylserotonin was effect ive in el iminat ing axo-axonic cell triggered 
polysynapt ic but not d isynapt ic events . 

We then investigated the ef fec t of serotonin on monosynapt ic unitary connections between various types of layer 2/3 neurons. We found 
that serotonin and a lpha-methylsero tonin decreased the ampl i tude of E P S P s between pyramidal cells and f rom pyramidal to various types 
of i n t emeurons inc luding fas t -spiking basket and axo-axonic cells but little or did not change the ampl i tude of IPSPs f rom fast-spiking to 
pyramidal neurons . 

T o e x a m i n e the m e c h a n i s m by w h i c h serotonin might modula te excitatory t ransmission, w e analysed the percentage of fai lures to 
evoke an E P S P and the coeff ic ient of variation of unitary E P S P ampl i tudes with and without serotonin and a lpha-methylserotonin . Both 
serotonin and a lpha-methylsero tonin increased the failure rate and the coeff icient of variation suggesting a presynapt ic site of modula t ion 
of serotonin in the g lu tamaterg ic synapt ic t ransmission. 

Finally, we found that therapeut ic concentra t ions of the serotonin reuptake inhibitor fluoxetine, a widely prescr ibed medicat ion for 
t reatment of depress ion , could enhance the effect of serotonin on excitatory synaptic t ransmission. 
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