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Introduction

Potato Solanum tuberosunis one of the most important crop plant. Potatased as
a stock by the food, alcohol, and pharmaceuticilstry.

Potato tuber is an underground storage organ shalsb can be used for vegetative
propagation of potato. Potato tuber contains higlount of starch (12-24%) and the protein
content is also significant (0,7-4,6%).

Administration of high concentration of sucrose theritro tuberisation system leads
the single node stem segments to develop tuber.ifstmation of lower concentration of
sucrose (2%) does not lead tuber formation attallas concluded that sucrose is the primary
signal for tuberisation. The in vitro tuber indactisystem was studied at the molecular level.
Number of genes has been isolated with high levekpression in the potato tuber. Some of
them encoded enzymes involved in starch synthes@dse synthase, AGP-ase, GBSS). The
others are considered to be encoded storage pdfetatin, proteinase inhibitors of different
kinds). Genes for starch synthesis and storageipsoaire also regulated by administration of
high concentration of sucrose, which means th#teneaves of potato the signaltransduction
pathway triggered by the high concentration of gseris also present. Nevertheless the
regulation of patatin promoter was studied in h@tgous systems. These studies told to us
that patatin promoter was also strictly regulatethe leaves of tobacco and in the leaves and
the root of Arabidopsis thalianaby high concentration of sucrose proving that the
signaltransduction pathway triggered by the highcemtration of sucrose is also conserved in
higher plants.

We know the primary signal that triggers potatoetubevelopment and the abundant

genes expressed in potato tuber, however we hairdarmation about the signaltransduction
pathway regulates tuber development and starchhadetion.
The yeast SNF1 kinase is one of the best knowrepréinase The SNF1 gene takes part in
the derepressing of the glucose repressible geneslved in glycogen storage, regulates
different metabolic enzymes at the post transanjai level. SNF1 kinase is a key regulator
of carbon metabolism in the ye&dccharomyces cerevisiae.

The most typical characteristic of tuber developimisnthe accumulation of starch.
Since in the budding yeast the key regulator oba@armetabolism is the SNF1 kinase, we
suspected that plant SNF1 kinases might be involaestarch accumulation during tuber
development. Therefore we decided to isolate andracherize SNF1 kinase and its

interacting proteins fror®. tuberosum.



Materials and Methods

Library screening

Yeast transformations were performed by the lithiacetate method. Strain YRG-2
was transformed with pLL32 to Trp prototrophy. Thesulting strain was used in the
interaction trap screening with an oriented cDNBrdry in vector pAD-GAL4. The library
was established from epidermal fragmentsSofanum tuberosurh. cv. Désirée. After 4-6
days of incubation Hiscolonies were screened frgalactosidase activity using a filter lift
assay. Quantification of-galactosidase activity was done by the ONPG asBagitive
colonies were picked from SD-Trp-Leu-His plates gnolwn overnight in SC-Trp-Leu liquid
medium. DNA prepared from these cultures was tanstd into DH& and selected for

ampicillin resistance bearing the AD library pladmi

Molecular biology techniques

Plasmid constructs were generated by standard aetHeestriction enzyme digestions,
ligations and PCR reactions have carried out byrthrufacturers instructions.

Isolation of the 5 -end of the StubGAL83 cDNA

Isolation of the 5™-end of StubGAL83 cDNA was penfied by two rounds of nested
PCR using the entire two-hybrid cDNA library asenplate. Primer GALT (position 168-187
on the resulted full length StubGAL83) 5’-GAC CATRE GTC AGC CGA AG-3’ was used
for the first round PCR, and GALK (position 139-168 the resulted full length cDNA
StubGAL83) 5-AGG TCA GAG CGT GGT GAT CT-3' for theecond PCR reaction as
gene-specific primers. For a non-specific primeaJ48D primer 5-TTC GAT GAA GAT
ACC-3' was used. After the second PCR reactiorldhgest PCR product was cloned into an
EcoRV digested pBluescript and sequenced



DNA sequencing

Sequencing was completed by using the USB kit Ssapeeversion 2.0 and partly by
the company MWG-Biotech, Germany.

Nucleic acid isolation and hybridization

Total RNAs were extracted with the SDS-phenol métHollowed by a LiCl
precipitation. Hybridization of filters was carriedt in Church buffer.

Genomic DNA was isolated by the method of CTABDbHgization was performed in
50 mM Tris pH7.5, 1 M NaCl, 1% SDS, 10% dextrarfael 100pg/ml denatured salmon
sperm DNA at 65 °C for overnight. Washing of thikefi was carried out first in destilled

water for 2 min at room temperature then in 2xSB%6,SDS for 30 min at 65 °C.

Protein expression and in vitro binding assay

GST and TRX protein expression and binding assay earried out according to the
manufacturers instruction with the following moddtions: i, Bacterial pellets were
resuspended in cold ST (30 mM Tris pH 8.0, 120 m&CN with 100ug/ml lysosyme. ii,
The TRX fusions were eluted with ST containing 20, 300, 500 mM imidazole. iii, Western

blot analysis was carried out against S-Tag usieg-Tag Western blot kit (Novagen).

Results

We have found that that the already known plant EkiRases are showing 70-85 %
homology to each other. The homology is more stgkwithin the kinase catalytic domain,
therefore we designed degenerated primers accotditige alignment of the tobacco NPK5,
rye RKIN1, ATKIN1 of Arabidopsis, and the barley B¥12 SNF1-like kinases. We used
these degenerated primers in a PCR reaction camgaan5 days old potato tuber plasmid
cDNA library. The 400 bps long PCR product was seged and was used to screen a tuber
phage library to isolate the full-length cDNA cloriEhe protein encoded by the full-length
cDNA clones 512 aa long (StubSNF1) and showed 88@toltogy to tobacco NPK5 and 73%
homology to potato PKIN1, an other SNF1-like protkinase from potato.

To identify protein(s) interacting with SNF1, a atat leaf epidermal fragment yeast



two-hybrid cDNA library was screened with StubSNF¥om a total of about 600 000
trasformants tested, 24 Higeast colonies were isolated. 8 out of them weowegn to be
blue in the beta-galactosidase filter lift assajteApartial sequencing, 5 different cDNAs
were identified. Three cDNAs were overlapping artbveed homology to the yeast
GAL83/SIP1/SIP2 gene family. The longest cDNA, dasied StubGAL83, was 1026 bps in
size. The other two overlapping cDNASStubGAL83) were the same in size (516 bps) and
resulted in fact from two independent transfornmatevents of one plasmid present in the
primary cDNA library. DNA sequence analysis showfeat they were 100% identical to the
corresponding part of the StubGAL83 .

Filter lift assay was carried out to confirm thesjsive interaction between StubSNF1
and StubGAL83. cDNAs encoding StubSNF1 and StubGALBAStubGAL83 were cloned
into both pBD and pAD vectors. Co-transformationp@xments were carried out and
interactions could be detected when StubSNF1 wesept in the bait or pray vector with
StubGAL83 orl IStubGAL83 provided in the opposite vector. In cantr interaction was not
detected in the presence of StubSNF1 or StubGAl®3vpised with empty vectors.

To confirm the direct interaction between StubSN&fid StubGAL83, bacterially
expressed fusion proteins were usedroritro binding experiment. StubSNF1 was expressed
as a GST fusion protein. The isolated and re-imfsasi GST-StubSNF1 retained the
provided TRX-StubGAL83 protein while in control expments with recombinant proteins
GST-StubSNF1 vs.TRX, GST vs. TRX-StubGAL83 and G&T TRX, no retention was
detected (Figure 1B). These results suggest thdiSBtF1 directly binds to StubGAL83. To
recontsruct the full-length cDNA the missing 5-emechs PCR amplified and fused to
StubGAL83 cDNA isolated in yeast two-hybrid systehme full length StubGAL83 cDNA
consists of 1071 nucleotides in length, the longgmn reading frame encodes a putative
protein of 289 amino acids. Database searchingategtethat the protein encoded by the
StubGAL83 is homologous to the yeast GAL83/SIP12Siiroteins to the FOGL protein of
Kluveromyces lactisto the mammalian AMPK beta subunits and tcAaabidopsis thaliana
ORF encoding a 289 aa. protein.

In yeast GAL83/SIP1/SIP2 proteins and in the maliamaAMPK beta subunit, two
distinct well-conserved domains were identifiedeTinst internal domain, called KIS domain
(Kinase Association Domain), is responsible for imteraction with SNF1. The C-terminal
ASC (Association with the SNF1 Complex) domain iatés with SNF4. Sequence alignment
revealed that both the KIS and the ASC domains ase conserved in StubGAL83
suggesting these domains might be involved in asimitteractions described in yeast and



mammals. Amino acid sequence alignment of the prediStubGAL83 protein with the

yeast and mammalian homologs showed that StubGAioBBains the two well conserved
region characteristic for all proteins aligned .

We subunit have mapped the domain involved in titeraction between StuSNF1 and
StubGAL83, and we found that the C-terminal regulatdomain of the StubSNF1 binds to
the StubGALS8S3 protein, just like in the case of theresponding yeast proteins.

The SNF1 complex in yeast is a heterotrimetridginoof three subunits, i.e. catalytic
(SNF1 kinase), the adaptor (GAL83/SIP1/SIP2) ardatttivator subunit (SNF4). By the help
of the yeast two-hybrid screening we have idertifiee StubGALS83 protein that possibly
corresponds to the adaptor subunit of the yeast1SklRase complex. Furthermore, a
Phaseolus vulgarieDNA was isolated from encoding a protein simiiarthe yeast SNF4.
These findings led us to speculate that SNF1 intplenay also function as a heterotrimeric
complex. To test this hypothesis interaction of b&AL83 with the yeast SNF4 was
investigated in the yeast two-hybrid system Thesta duggest that plant SNF1 protein kinase

may be a heterotrimeric complex similar to thatfdin yeast and mammals.

Novel findings of the thesis

1. We have isolated StubSNF1, a new SNF1-like kines® potato tuber.

2. We have isolated StubGALS8S3, the first plant SNFdakke interacting protein by the
help of the yeast two-hybrid system.

3. StubGAL83 shows significant homology to the yedft1&SIP2/GAL83 and AMPK3
protein. Our result proved that plant SNF1 kinasay function in complexes to those
detected in the yeast and mammals

4. It was found that the same domains take part innfegaction between StubSNF1 and
StubGAL83 than in the case of the correspondingtyaad mammalian proteins.

5. We established the conserved interaction betweepdltato StubGAL83 and the yeast
SNF4 suggesting that plant SNF1 protein kinase bwya heterotrimeric complex

similar to that found in yeast and mammals.

Conclusions and suggestions

We have isolated StubSNF1, a new plant SNF1 prdtgiase from potato. Then we used
StubSNF1 in the yeast two-hybrid system to isol&tabSNF1 interacting protein(s). A



protein showing homology to the yeast GAL83/SIPR&Sproteins and in the mammalian
AMPK [ subunit. We began the initial characterisationhef potato SNF1 complex. Having
isolated two out of three subunits of the possiplant SNF1 complex let us establish
StubSNF1 and StubGAL83 antisense and overexprepsitago plant to unravel the function
of the SNF1 kinases in potato.
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