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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 carbonic anhydrase. The nucleotide 
sequence of the cDNA clone encoding Lotus japonicus carbonic anhy drase was determined. The deduced amino 
acid sequence of this clone was aligned with other homologous carbonic anhy drase sequences, derived from 
different organisms, in order to identify  the conserved regions. 
 
 

THE AIM OF INVESTIGATIONS 
The aim  of the study was to describe the isolation and characterization of a cDNA clone encoding 

for a Lotus japonicus nodule specific β-ty pe carbonic anhy drase, whose predicted amino acid sequence is 
conserved in plant kingdom. 
 
 

INTRODUCTION 
 The interaction of the soil bacteria Mesorhisobium, Azorhizobium, Sinorh izobium and  
Bradyrhizobium with the root  sy stem of leguminous plants leads to the formation of a specialized plant organ, 
the root nodule. During the course of nodule initiation and development a number of plant genes, referred to as 
nodulin genes, are induced (Handberg and Stougaard, 1992; Mylona et al., 1995). Recently , however, the 
number of nodulin genes whose expression is also found in tissues other than nodules has increased 
considerably. For example, one of the nodulin genes expressed at very  early  stages of nodule initiation 
(ENOD40) is also expressed in roots, stems and embryos (Papadopoulou et al., 1996, Fang and Hirsh, 1998, 
Flemetakis et al., 2000 and 2002). Homologues of several nodulin genes including leghemoglobin, NOD93, 
NOD35 and ENOD40 have been found in legume and non-legume plants (Kouchi et al., 1999, Marchfelder et 
al., 1997, Reddy  et al., 1998). 

The presence of a non-photosy nthetic related carbonic anhy drase activity  in the plant fraction of 
nodules was first reported by  Atkins in 1974. Moreover, recent studies also verified the presence of nodule 
carbonic anhy drase activity  in a number of legumes including Pisum sativum, Vicia faba  and Lup inus  
angustifolius (Atkins et al., 2001). Al though carbonic anhy drase transcripts have been identified in the nodules 
of soy bean (Kavroulakis et al., 2000)  and alfalfa (Coba de la Pena et al., 1997), the phy siological role of 
carbonic anhy drase is not yet clear.  

Advances in DNA sequencing technology  have resulted in the generation of a large amount of 
nucleotide sequence data in a short period of time. 

An important method to obtain information on genes expressed in an organism is the sy stematic 
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 eukary otes. EST serves as markers for genes 
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expressed by  a certain cell ty pe 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). 

 Genome analy sis in higher eukaryotes was initially  carried out by cataloguing only  the expressed 
portions of the genome by  developing anonymous partial cDNA sequences, EST (expressed sequence tags), 
rather than genome sequencing. A 300–500 bp –long sequence thus obtained is sufficient to identify a gene by 
similarity  search against the public databases. The specificity  of expression as well as expression levels of genes 
can be estimated by generating EST sequences from different organs or developmental stages and comparing 
the frequency  of the particular sequence in the dataset. As a contribution to genome analysis, cDNA structural 
information is indispensable for the precise assignment of genes on a genomic sequence, usually  done based on 
similarities to known genes and predictions by computer programs. 

To make a catalogue of genes expressed in L. japon icus L. and understand biological processes 
specific to legume plants, large-scale EST analy ses 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 analy zed by  DNA array s for transcriptome analy sisThe sequence information and 
search results of these Lotus japonicus clones, generated in different studies, are available at the web sites: 
http://www.ka zusa.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 enzy mes involved in diverse metabolic pathway s, 
whose expression is induced during nodule formation and functioning (Asamizu et al., 2000). 

 
 

MATERIALS AND METHODS 
Isolation of cDNA clones for Lotus japonicus specific β-type carbonic anhydrase 

In a previous study  a cDNA clone coding for Glycine max nodule carbonic anhy drase (GmCA1) has 
been isolated and characterized at the Agricultural University of Athens, Department of Agricultural 
Biotechnology  (Kavroulakis et al., 2000). For the isolation of L. japonicus  clones homologues to GmCA1, two 
αZAPII L japonicus cDNA libraries from 9- and 21-day -old nodules (kindly provided by  Dr. J. Stougaard, 
University  of Aarhus, Denmark) were screened by  plaque hy bridization using 32P-dCTP- labeled insert of the 
GmCA1 cDNA clone as a probe. Hy bridization 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 αZAPII 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 hy bridization signal, was 
determined by  the dideoxi chain termination method (Sanger et al., 1997, Sambrook et al., 1989).  
 The complete nucleotide sequence of the cDNA clone coding for β-ty pe carbonic anhydrase 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 deduced amino acid sequence of these clones were aligned with other homologous carbonic 
anhy drase sequences, derived from different organisms, in order to identify  the conserved regions. 

 
 

RESULTS AND DISCUSSIONS 
Isolation of cDNA clones for Lotus japonicus specific β-type carbonic anhydrase 

In order to isolate a cDNA clone coding for L.japonicus nodule carbonic anhy drase, a αZAPII 
cDNA library  prepared from 21-day s-old nodules was screened under low stringency conditions using a 
previously  published Medicago sativa MsCA1 cDNA clone (Coba de la Pena et al., 1997) as heterologous 
probe. 
Characterization of cDNA clone coding for β-type carbonic anhydrase  
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An CA-β-type cDNA clone (designat ed Lj CA1) contained an open reading  
frame o f 1088 base pai rs encoding a polypeptide o f 263 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. β-carbonic 

anhy drase 
 
 The largest cDNA clone, designated LjCA1 contained an open reading frame (ORF) of 263 amino 

acids, including the starting methionine, indicating that LjCA1 represents a full-length cDNA clone.  
Comparative analy sis of the deduced amino acids sequence from LjCA1 clone with previously  

characterized nodule carbonic anhy drase polypeptides (Fig.2), revealed that LjCA1 exhibits 77.4% and 80.2% 
similarity  with M. sativa and G. max nodule carbonic anhy drases respectively. Lower percentage of similarity , 
around 45%, was observed with carbonic anhy drases proteins derived from photosy nthetic plant tissues (Fig.2). 
Like all nodule carbonic anhy drases characterized so far, LjCA1 does not posses the N-terminal transient 
peptide that is responsible for the translocation of the photosy nthesis-related carbonic anhy drases proteins into  
the chloroplasts (Fig.2). Apart from the high overall sequence similarity  to other plant carbonic anhydrases, the 
L. japonicus homologue posses all the amino acids that where proposed to participate in the active site of the 
Pisum sativum β-carbonic anhy drase (Kimber and Pai, 2000). Residues Cy s90, His150  and Cy s153 of the LjCA1 
can be assigned as the equivalents of Cy s160, His220 and Cy s223 of P. sativum carbonic anhy drase residues 
thought to act as the zinc ligants. Similarly , residues Ile114, Ty r135 and Phe109 can be assigned as the residues that 
collectively present a continuous hy drophobic surface in the binding pocket, while residues Tyr135, Gln81, Gly 154 
and Asp92 form the bottleneck in the hy drophilic channel that in the only  access to the active site of β-carbonic 
anhy drase. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
LjCA1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0

MsCA1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
GmCA1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0
PsCA1 Clp M S T S S I N G F S L S S L S P A K T S T K R T T L R - P F V S A S L - - - - - - N T S S S - S S S S T F P S L I Q D K 52
PaCA M S S S S I N G W C L S S I S P A K T S L K K A T L R - P S V F A T L - - - - - - T T P S S P S S S S S F P S L I Q D K 53
AtCA Clp M S T A P L S G F F L T S L S P S Q S S L Q K L S L R T S S T V A C L P P A S S S S S S S S S S S S R S V P T L I R N E 60
PtCAala Clp M S T A S I N S W C L T S V S A S K K S L P A L R - - - P S V F A S L - - - - - - - - - - - - N S S V S P P T L I R N Q 45

LjCA1 - - - - - - - - - - - - - - - - - M A K H S P D Q L A I E E L K K L I R E K E E L N E S A T T K I E D V I A E L Q - L K 42
MsCA1 - - - - - - - - - - - - - - - - - M A N Q S S - E L A I E Q L K K L L R E K E E L N E V A T T K I E E L I V E L Q - - - 39
GmCA1 - - - - - - - - - - - - - - - - - M A K - S S - E L A I E E L K K L L R D K E E F D A V A A A K V E E L I A E L Q - - - 38
PsCA1 Clp P V F A S S S P I I T P V L R E E M G K G - Y D E - A I E E L Q K L L R E K T E L K A T A A E K V E Q I T A Q L G T T S 110
PaCA P V F A A P S H I I T P T V R E D M A K D - Y E Q - A I E E L Q K L L R E K T E L K A T A A E K V E Q I T A S L G T - S 110
AtCA Clp P V F A A P A P I I A P Y W S E E M G T E A Y D E - A I E A L K K L L I E K E E L K T V A A A K V E Q I T A A L Q T G T 119

PtCAala Clp P V F A A P A P I L Y P R R G E E M G N D - Y N E - A I E S L K K L L S D K E E L K T V A A A K V E Q I T A E L Q T V S 103
81 90 92

LjCA G C H P T P - E T A E Q R I I D G F T Y F K I H N F D K N P D L Y K E L A K G Q S P K F L I F A C S D S R V S P T T I L 101
MsCA1 G C H P Q P I D P A E Q R I I D G F T Y F K L N N F N K N P E L Y D R L A K G Q S P K F M V F A C S D S R V S P S I I L 99
GmCA1 G C G P R P Y E P A V Q R I V D G F T H F K I N N F D K N S D L Y S Q L A N G Q R P K Y L V F S C S D S R V S A T T I L 98
PsCA1 Clp S S D G I P K S E A S E R I K T G F L H F K K E K Y D K N P A L Y G E L A K G Q S P P F M V F A C S D S R V C P S H V L 170

PaCA S S D S I P S S E A S D R I K S G F L Y F K K E K Y D K N P A L Y G E L A K G Q S P K F M V F A C S D S R V C P S H V L 170
AtCA Clp S S D K K A - F D P V E T I K Q G F I K F K K E K Y E T N P A L Y G E L A K G Q S P K Y M V F A C S D S R V C P S H V L 178
PtCAala Clp S S D P K A - F D P V E K I K S G F I H F K K E K Y D K N P G L Y S E L A K G Q S P K F M V F A C S D S R V C P S H V L 160

109 114 135 * *150 *153 *154
LjCA N F Q P G E A F M V R N I A N M V P P F N Q L R Y S G V G A A T E Y A I L E L K V P N I L I I G H S R C G G I A R L M S 161
MsCA1 N F Q P G E A F K V R N I A N M V P P F N Q L R Y S G V G A T F E Y A I T A L K V E S I L V I G H S R C G G I S R L M S 159

GmCA1 N F Q P G E A F M V R N I A N M V P P F N Q L R Y S G V G A A I E Y A I T A L K V P N I L V I G H S R C G G I Q R L M S 158
PsCA1 Clp D F Q P G E A F V V R N V A N L V P P Y D Q A K Y A G T G A A I E Y A V L H L K V S N I V V I G H S A C G G I K G L L S 230
PaCA D F Q P G E A F V V R N V A N I V A P Y D Q S K Y S G T G A A I E Y A V L H L K V S N I V V I G H S A C G G I K G L L S 230
AtCA Clp D F Q P G D A F V V R N I A N M V P P F D K V K Y G G V G A A I E Y A V L H L K V E N I V V I G H S A C G G I K G L L S 238
PtCAala Clp D F Q P G E A F V V R N V A N M V P P Y D K T K Y A G V G A A I E Y A V L H L K V E Y I V V I G H S A C G G I K G L L S 222

* * * * * *
LjCA H P E D D S P S F E F I D D W V K I G L P A K I K V L K E H A S C D S L E Q R T L C E K E S V N N S L V N L H T Y P F V 221

MsCA1 H P E D G S A P Y D F I D D W V K I G L S S K V K V L K G H E C N D F K E Q C K F C E M D S V N N S L V N L K T Y P Y V 219
GmCA1 H P E D G S A P F D F I D D W V K I G L P A K L K V L K E Y E G Y D F K E Q C K F C E K E S V N N S L V N L K T Y P Y V 218
PsCA1 Clp F P F D G T Y S T D F I E E W V K I G L P A K A K V K A Q H G D A P F A E L C T H C E K E A V N A S L G N L L T Y P F V 290
PaCA F P F D G T Y S T D F I E E W V K I G L P A K A K V K T Q H G D A P F A E L C T H C E K E A V N V S L G N L L T Y P F V 290
AtCA Clp F P L D G N N S T D F I E D W V K I C L P A K S K V I S E L G D S A F E D Q C G R C E R E A V N V S L A N L L T Y P F V 298
PtCAala Clp F P Y D G T T S T D F I E D W V K V C Y N A K T K I L A E H A N S P F P D M C T Q C E K E A V N V S I G H L L T Y P F V 282

LjCA D E Q I R S K G L G L F G V Y Y D F V N G E F K L W K Y E S H V T K H I S I P H C - - - - - - - H 263
MsCA1 D S E I R N E N L A L L G G Y Y D F V N G E F K L W K Y K T H V T K S V T I P L N G F D M - - T K 266
GmCA1 E K G I R N K N I A L L G G Y Y D F V I G E F K L W K Y E S H I T E P I S I P L C - - - - - - T H 261
PsCA1 Clp R E G L V N K T L A L K G G Y Y D F V K G S F E L W G L E F G L S S T F S V 328
PaCA R D G L V N K T L A L K G G Y Y D F V K G T F E L W S L N F G L A S S F S V 328

AtCA Clp R E G L V K G T L A L K G G Y Y D F V K G A F E L W G L E F G L S E T S S V K D V A T I L H W K L 347
PtCAala Clp R D G L V N K T L G L K G G Y Y D F V K G S F E L W G L E Y S L S P S L S V 320  

 
Figure 2. Comparison of the deduced amino acid sequences of Lotus japonicus nodule carbonicanhy drase 
(LjCA1) with various carbonic anhy drases from legume and non-legume plants.  

Organism symbols (sequences shown) and GenBank database accesion numbers are as follows: 
GmCA1 Glycine max nodule CA (AJ239132); MsCA1, Medicago sativa nodule CA (X93312); PsCA Clp,  
Pisum sativum chloroplastic CA (P17067); PaCA, Phaseolus aureus CA (Q9XQB0); AtCA Clp, Arabidopsis 
thaliana chloroplastic CA (AAL16228); PtCA1 Clp Populus tremula x Populus tremuloides chloroplastic CA 
(U55837). Black-shaded boxes represent conserved amino acids, while dashes represent gaps in the alignment. 
Amino acids in the proposed active site are marked with an asterisk. Sequences were aligned using the Clustal  
method with PAM250 residue weight table (Altschul et al., 1990). 
 

 
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 β-carbonic 
anhydras e as the first step towards elucidating their function. 
 The deduced amino acid sequence of β-carbonic anhydras e clone was aligned  
with amino acid sequence carbonic anhydrase o f di fferent organisms in order to identi fy  
the conserved regions within these sequences. 
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Comparative analysis o f the deduced amino acids s equences of this clone with  
other known plant carbonic anhydrases amino acids sequences revealed a high level o f 
sequence conservation. 
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