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Abstract: To study the expression of genes coding for enzymes involved in carbon metabolism, we were concerned with 
the isolation and characterization of cDNA clone coding for sucrose synthase. The nucleotide sequence of the cDNA 
clone encoding Lotus japonicus sucrose synthase was determined. The amino acid sequences of this clone were aligned 
with other homologous sucrose synthase sequences, derived from different organisms, in order to identify the conserved 
regions. The aim of the study was to describe the isolation and characterization of a cDNA clone encoding for a Lotus
japonicus root nodule specific sucrose synthase, whose predicted amino acid sequence is conserved in plant kingdom. 
 

INTRODUCTION
 

Bacteria belonging to the family Rhizobiaceae (Rhizobium, Bradyrhizobium, Azorhizobium, Mesorhizobium 
and Sinorhizobium) induce the formation of nitrogen fixing nodules on their leguminous hosts. This symbiotic 
interaction, which is governed by sequential signal exchange between rhizobia and their symbiotic partners, exhibits a 
high degree of specificity and a number of signal molecules involved in the initial stages of this specificity have been 
extensively studied. Nod factors are synthesized by the products of rhizobial nod genes, which are induced by plant-
secreted molecules such as flavonoids (Hirsh, 1992; Long, 1996). 

During the course of nodule initiation and development a number of plant genes, referred to as nodulin genes 
are induced (van Krammen, 1984; Handberg and Stougaard, 1992; Mylona et al., 1995). One of those, called late 
noduline is sucrose synthase (SuSy, E.C.2.4.1.13), which has an important role in nodule metabolism (Thummler and 
Verma, 1997, Verma, 1988; Verma and al, 1992). This enzyme play a key role in supplying energy for loading and 
unloading in phloem by providing substrate for respiration; is also involved in meeting the increased glycolytic demand 
during anaerobic and cold stress as well as in supplying UDP-glucose for cell wall biosynthesis (Chourey et. al., 1998; 
Nakai et al., 1999). 

In the root nodule, there are some functions which have been attributed to SuSy: cleavage of sucrose is the 
initial step in the nodule carbohydrate metabolism, assimilate partitioning, osmoregulation, adaptation to cold and low 
oxygen levels response to wounding and infection (Winter and Huber, 2000). 

An important method to obtain information on genes expressed in an organism is the systematic sequencing of 
cDNA clones, generally known as the EST (Expressed Sequence Tag) approach (Boguski, 1995; Claverie, 1995). It is the 
fastest way of gene discovery in eukaryotes. EST serves as markers for genes expressed by a certain cell type or tissue 
under specific environmental (culture) conditions, and are used for the discovery of full length cDNA or genomic clones, 
discovery of new genes, recognition of exon/intron boundaries and development of genetic maps. Furthermore, ESTs 
with no homology to known proteins may provide the first clues of new proteins (Baxevanis et al., 1998). 

To make a catalogue of genes expressed in L. japonicus L. and understand biological processes specific to 
legume plants, large-scale EST analyses have been performed.  

With the aim of understanding the genetic system related to legume-specific biological processes, recently, 
large numbers of expressed sequences tags (ESTs) from Lotus japonicus nodules have been deposited in public databases 
and analyzed by DNA arrays for transcriptome analysis. The sequence information and search results of these Lotus
japonicus clones, generated in different studies, are available at the web sites: 
http://www.kazusa.or.jp/en/plant/lotus/EST  and http://www.agowa. Similarity search was performed against the 
public EST database using the BLAST program. A BLAST score of more than 80 is generally regarded as a significant 
match (Pearson, 1997). 

This enables identification of genes coding for enzymes involved in diverse metabolic pathways, whose 
expression is induced during nodule formation and functioning (Asamizu et al., 2000). 

The aim of the study was to isolate and to characterize a cDNA clone coding for Lotus japonicus L. nodule 
sucrose synthase. 
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MATERIALS AND METHODS 

Isolation of cDNA clones for Lotus japonicus L. specific sucrose synthase 
For the isolation of L. japonicus clones homologues to GmSuSy, one �ZAPII L japonicus cDNA library from 

21-day-old nodules (kindly provided by Dr. J. Stougaard, University of Aarhus, Denmark) was screened by plaque 
hybridization using 32P-dCTP- labelled insert of the GmSuSy cDNA clone as a probe. Hybridization was performed under 
low stringency conditions at 35ºC in the presence of 25% formamide. Plaque purification and in vivo excision of the 
pBlueScriptSK+ phagemid from the positive �ZAPII recombinant bacteriophages were performed according to the 
standard protocols (Stratagene, La Jolla, CA, U.S.A.). The nucleotide sequence of the cDNA clones giving positive 
hybridization signal was determined by the dideoxi chain termination method (Sanger et al., 1997, Sambrook et al., 
1989).  
Characterization of cDNA clone coding for sucrose synthase 

The characterization of cDNA clone coding for sucrose synthase was done using the ExPASy Proteomics tools 
which translate a nucleotide sequence to a protein sequence ( http://au.expasy.org/tools/dna.html).

 
RESULTS AND DISCUSSIONS 

 
Isolation of cDNA clones for Lotus japonicus L. specific sucrose synthase 

In order to isolate a cDNA clone coding for L.japonicus nodule sucrose synthase 
(designated Lj SuSy), an �ZAPII cDNA library prepared from 21-days-old nodules was screened 
under low stringency conditions using a previously published Glycine max L. (GmSuSy) cDNA 
clone as heterologous probe. 
Characterization of cDNA clone coding for sucrose synthase 

A nodule specific sucrose synthase cDNA clone contained an open reading frame (ORF) 
of 1202 base pairs encoding a polypeptide of 153 amino acids. The nucleotide sequences 
corresponding to the longest open reading frame (ORF) are shown in Fig. 1. 

 

 
Figure 1: The nucleotide sequences of the cDNA clone encoding Lotus japonicus L. sucrose synthase (LjSuSy). 
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Most plant species contain at least two isoforms of sucrose synthase which usually have 
highly homologous amino acid sequences and similar biochemical properties. (Gross and Pharr, 
1982; Buczynski et. al., 1993). By contrast, the regulation of their genes is markedly different 
and distinct developmental - and organ-specific expression patterns have been found (Chen et. 
al., 1989; Fu and Park, 1995; Sturm et al, 1999). Such an effort in regulating gene expression and 
the localization of an enzyme would suggest a crucial role in plant metabolism. 

The complete nucleotide sequence of the cDNA clone coding for sucrose synthase 
(LjSuSy) was translated into amino acid sequence and compared with the published sequences in 
the GenBank database using the BLAST program at the ExPASy National Centre for 
Biotechnology Information website (http://www.ncbi.nlm.nih.gov/BLAST/). 

The amino acid sequences of these clones were aligned with other homologous sucrose 
synthase sequences, derived from different organisms, in order to identify the conserved regions. 

The multiple amino acid sequence alignment of LjSuSy with other known plant sucrose 
synthases expressed in sink tissues revealed that LjSuSy exhibits 97.4% and 96.7% similarity 
with G. max and V. faba nodule sucrose synthase respectively. 

Low percentages of similarity were observed with sucrose synthase proteins isolated 
from M. sativa and P. sativum (96.1%). The lowest similarity was registered for the A. thaliana 
(88.2%) (Table 1). 

Table 1. Comparative presentation of similarity of  LjSuSy gene with other known plant SuSy genes expressed in 
sink tissues: L. japonicus SuSy, V. faba SuSy (P31926), A. thaliana SuSy (P49040), G. max SuSy (P13708), M. sativa 
SuSy (O65026), P. sativum SuSy (O81610). The analyze was made using the DNASTAR program, Clustal method 

with PAM250 residue weight table (Altschul et al., 1990). 

  LjSuSy VfSuSy AtSuSy GmSuSy MsSuSy PsSuSy 

LjSuSy *** 96,7 88,2 97,4 96,1 96,1 

VfSuSy   *** 87,8 95,0 97,6 99,0 

AtSuSy     *** 87,8 86,7 87,4 

GmSuSy       *** 93,8 95,0 

MsSuSy         *** 97,3 

PsSuSy           *** 

 
The dendrogramm shows that the sucrose synthase gene,  isolated from nodules of Lotus 

japonicus L. is homologue with other known sucrose synthases identified from other eucariotic 
species, like V. faba, A. thaliana, G. max, M. sativa or P. sativum. It was observed that LjSuSy is 
phylogenetically closer to AtSuSy (Fig. 2). 
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Figure 2. Phylogenetic distances among different cDNA clones coding for sucrose-synthase (SuSy) from various 
organisms (L japonicus, A. thaliana, G. max, M. sativa, P. sativum, V. faba). The dendrogram was constructed after 
a multiple sequence comparation following the Clustal method of the Lasergene program (DNASTAR) (Baxevanis 

and Ouellette, 1998). 

CONCLUSIONS 
 
 As Lotus japonicus is one of the two model legumes used to study the function of genes 
involved in symbiosis, we set out to characterize the structure of the sucrose synthase isolated 
from L. japonicus as the first step towards elucidating their function. 

The comparative analysis of amino acid sequence alignment of LjSuSy with other 
known plant sucrose synthases expressed in sink tissues demonstrated a high similarity expressed 
by a high level of sequence conservation. 

The phylogenetic analysis showed that the sucrose synthase gene, isolated from nodules 
of Lotus japonicus L. is homologue with other known sucrose synthases identified from other 
eucariotic species. 
 

REFERENCES 
 
Altschul, S.F., Gish, W., Miller, W., Myers, E. W. & Lipman, D.J., 1990, Basic local alignment search tool. J. Mol. Biol., 
215, 403-410. 
Asamizu, E., Nakamura, Y., Sato, S. & Tabata, S., 2000, Generation of 7137 non-redundant expresses sequence tags from 
a legume, Lotus japonicus. DNA Res., 7, 127- 130. 
Baxevanis, A.D. & Ouellette, B.F. Francis, 1998, Bioinformatics. A practical guide to the analysis of genes and proteins, 
Wiley- Interscience. A John Wiley & Sons, INC., Publication, 16-93. 
Boguski, M.S., 1995, The turning point in genome research. Trends Biochem Sci., 20, 295-296. 
Claverie, J.M.,1995, Exploring the Vast Territory of Uncharted ESTs, in Brown MJ, Thurlby PL (Eds) Genomes, 
Molecular Biology and Drug Discovery, Academic Press, Long, 55-71. 
Fang, Y. & Hirsh, A.M., 1998, Studying early nodulin gene ENOD40 expression and induction by nodulation factor and 
cytokinin in transgenic alfalfa. Plant Physiol., 116, 53-68. 
Flemetakis E., A. Agalou, N. Kavroulakis, M. Dimou, A. Martisikovskaya, A. Slater, H.P. Spaink, A. Roussis & P. 
Katinakis, 2002, Lotus japonicus gene Ljsbp is highly conserved among plants and animals and encodes a homologue to 
the mammalian selenium – binding proteins. Molecular Plant – Microbe Interactions, Vol. 15, No.4, 390-403. 
Handberg K. & Stougaard, J., 1992, Lotus japonicus, an autogamous, diploid legume species for classical and molecular 
genetics. Plant Journal, 2, 487-496. 
Hirsh, A.M., 1992, Tansley review no.40. developmental biology of legume nodulation. New Phytol, 122, 221-237. 
Kimber, M.S. & Pai, E.F., 2000, The active site architecture of Pisum sativum �-carbonic anhydrase is a mirror image of 
that of �- carbonic anhydrases. EMBO J., 19, 1407-1418. 
Long, S.R., 1996, Rhizobium symbiosis: Nod factors in perspective. Plant Cell, 8, 1885-1898.

130



 
Analele �tiin�ifice ale Universit��ii „Alexandru Ioan Cuza”, Sec�iunea Genetic� �i Biologie Molecular�, TOM VII, 2006 

 

 

Mylona, P., Pawlowski, K. & Bisseling, T., 1995, Symbiotic nitrogen fixation. Plant Cell. 5, 869-885. 
Papadopoulou, K., Roussis, A. & Katinakis, P., 1996, Phaseolus ENOD40 is involved in symbiotic and non-symbiotic 
organogenetic processes: Expression during nodule and lateral root development. Plant Mol. Biol., 3, 403-417. 
Pearson, W.R., 1997, Identifying distantly related protein sequences. Comput. Appl. Biosci., 13, 325-332. 
Reddy, P.M., Kouchi, H. & Ladha, J.K., 1998, Isolation, analysis and expression of homologues of the soybean early 
nodulin gene GmENOD93 (Gm93) from rice. Biochim. Biophys. Acta, 1433, 386-392. 
Sambrook, J., Fritsch, E..F., Maniatis, T., 1989, Molecular Cloning. A Laboratory Manual, 2. Ed. 2. Cold Spring Harbor, 
NY: Cold Spring Harbor Laboratory Press. 
Sanger, F., Nicklen, S. & Coulson, A.R., 1997., DNA sequencing with chain-terminating inhibitors. Proc. Natl. Acad. Sci. 
USA, 74, 5463-5467. 
 

 
Acknowledgements: The present study has been financed by EU program (FP5 Project No. HPRN-CT-2000-00086).  
 
 
1 -  “Petru Poni” Macromolecular Chemistry Institute of Iasi, Gr. Gh. Voda 41A, 700847 Iasi, Romania. 

* - danacotzur@yahoo.com 

131



 
Analele �tiin�ifice ale Universit��ii „Alexandru Ioan Cuza”, Sec�iunea Genetic� �i Biologie Molecular�, TOM VII, 2006 

 

 

132


