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Abstract. A major mechanism of signal transduction is reversible protein phosphorylation mediated by protein kinases and protein 
phosphatases. Thus phosphorylation regulates many biological processes. Protein kinases and phosphatases in different organisms 
can be assembled in the ‘kinome’ and ‘phos- phatome’, respectively. The PP2C-type protein phosphatases are monomeric enzymes 
present in both prokaryotes and eukaryotes. Members of phosphoprotein phosphatases family are concerned in the regulation of 
numerous signaling pathways. Plant PP2Cs have been revealed as regulators of signal transduction pathways and also involved in 
development. The PP2C functions accentuate the existence of sophisticated signaling pathways in plants, in which protein 
dephosphorylation plays a critical function towards determining specificities.  In current research the phylogenetic study of PP2C-
type protein phosphatases in some plant species has been investigated. In silico results showed four highly conserved motif of PP2C 
protein include: ANAGDCRAVL, RSGXWSDIG, DGYLNGQL and FYGVFDGHGGKXAA polypeptide sequences. 
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The phosphorylation and de-phosphorylation of regulatory 
proteins are well-characterized mechanism for several mo-
lecular expression pathways and cell signaling in plants and 
animals, thus regulating in several biological processes. The 
protein phosphatases and protein kinases are the main com-
plementary players in this biochemical process. The protein 
phosphatases in plants are mainly serine threonine phos-
phatases that include the three classes: phosphoprotein 
phosphatases, phosphoprotein metallophosphatases and as-
partate-based protein phosphatase (type tC).  The unique 
class of phosphoprotein metallophosphatase is represented 
by the Mg2+ and Mn2+ type 2C protein phosphatases 
(PP2Cs). PP2C-type is monomeric protein phosphatases that 
present in both eukaryotes and prokaryotes cells (Schweig-
hofer et al. 2004). 

Previous studies have showed that the primary structure 
of PP2C in plants (Rodriguez 1998, Umbrasaite et al. 2011).  

A major mechanism of signal transduction is related to 
protein phosphorylation mediated by protein phosphatases 
and protein kinases. Thus these mechanisms regulate several 
biological processes. Protein kinases and phosphatases in 
various organisms can be accumulated in the ‘kinome’ and 
‘phosphatome’, respectively. Plants outdo all other organ-
isms in the number of genes they dedicate to signaling. For 
example, in Arabidopsis, more than 1000 kinase genes are 
previously explained in the PlantP database 
(http://plantsp.sdsc.edu/), even though the bioinformatic 
analysis has not yet been completed. By comparison, there 
are only 130 protein kinase genes in yeast, 251 in flies, 561 in 
mouse and only 518 in humans (Bogre et al. 2003). 

While the catalytic cores of all eukaryotic protein kinases 
share extensive similarities in both primary and three-
dimensional structures, protein phosphatases show much 
more diversity. They can be divided into two major classes: 
protein tyrosine phosphatases (PTPs) and protein ser-
ine/threonine phosphatases. Protein tyrosine phosphatases 
include PTPs and dual specificity phosphatases (DSPTPs). 
According to distinct amino acid sequences and crystal 
structures, the protein serine/threonine phosphatases are 
classified into the PPP and PPM gene families. The PPP fam-

ily includes so-called signature phosphatases [types 1 (PP1), 
2A (PP2A) and 2B (PP2B)], whereas the PPM family includes 
type 2C (PP2C) and pyruvate dehydrogenase phosphatase 
(Cohen 1997).  

In the Arabidopsis genome, 112 phosphatase catalytic 
subunit sequences have been identified (Kerk et al. 2002).  

Wound signaling pathways in plants are mediated by 
mitogen-activated protein kinases (MAPKs) and stress hor-
mones, such as ethylene and jasmonates. In Arabidopsis 
thaliana, the transmission of wound signals by MAPKs has 
been the subject of detailed investigations; however, the in-
volvement of specific phosphatases in wound signaling is 
not known (Schweighofer et al. 2007). The phylogenic study 
of different genes has been investigated is several reports 
(Falaknaz et al. 2011, Haidari et al. 2011). 

In current research the highly conserved motifs of PP2C-
type protein phosphatases in some plant species have been 
investigated. 

In the following, the data collection and alignment of 
proteins of this research has been explained. 
 
Data collection: Firstly the PP2C protein was recognized with the EBI 
bioinformatics site (http://www .ebibioinformatics.ir) then via ac-
cession numbers from above site, the protein of plants species were 
received from NCBI site (http://www.ncbi.nlm.nig.gov/). 

Alignment of proteins: To assessment of similarity between 
groups sequences, they edited by software EditSeq then alignment 
whit software MegAlign. In order to the Multiple Sequence Align-
ment, the CLUSTALW method was applied. 
 
After alignment of protein sequences, we found four highly 
conserved motif of PP2C protein include: ANAGDCRAVL, 
RSGXWSDIG, DGYLNGQL and FYGVFDGHGGKXAA that 
their results are shown as follow. 

(V/I)ANAGDCRAVL motif: The result of alignment for 
above motif has been shown in Figure 1. It may be a change 
in some nucleotide sequences that is not resulted in amino 
acid sequence. Then it may be as a codon preference. 

RSGXWSDIG motif: The result of alignment for above 
motif has been shown in Figure 2. There are two changes in 
above motif in two different organisms. 
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Figure 1. Alignment results for (V/I)ANAGDCRAVL protein motif sequence of PP2C. 
 
 

 
 

Figure 2. Alignment results for RSGXWSDIG protein motif sequence of PP2C. 
 
 

 
 

Figure 3. Alignment results for RSGXWSDIG protein motif sequence of PP2C. 
 
 

 
 

Figure 4. Alignment results for FYGVFDGHGGKXAA protein motif sequence of PP2C. 
 
 

DGYLNGQL motif: The result of alignment for above 
motif has been shown in Figure 3. 

FYGVFDGHGGKXAA Motif:  
The result of alignment for above motif has been shown 

in Figure 4. This motif is recognized as the longest conserved 
sequence in PP2C protein. 

A protein domain search identifies several motifs, most 
of which are related to intracellular signaling, such as a 
transmembrane spanning region and a kinase interaction 
motif. 

The highly evolutionary conserved C-terminal of plant 
PP2Cs arises in numerous structural contexts. It could be 
that PP2Cs obtain their specific function through the interac-
tion with substrates or other signaling components. The pro-
tein activity might also be regulated by protein expression, 
compartmentalization, sequestering and proteolysis, or sec-
ond messengers. 

AP2C1 contains all features of a PP2C phosphatase, in-
cluding the conserved catalytic domain with the characteris-
tic 11 subdomains as well as a unique N-terminal domain 
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hosting a putative MAP kinase interaction motif (KIM) 
(Schweighofer et al. 2004). 

Seventy-six Arabidopsis genes were identified as PP2C-
type phosphatase candidates by Kerk et al. 2002 and they fall 
into ten groups (A–J), except for six genes that could not be 
clustered. The group A contains most of the identified genes 
that are associated with abscisic acid (ABA) signal transduc-
tion, such as ABI1 and ABI2, whereas Group B is described 
by homology to MP2C, an alfalfa PP2C that regulates MAPK 
signaling. The group C contains the POL-type phosphatase 
that is involved in flower development. The kinase-
associated protein phosphatase (KAPP) that regulates sev-
eral receptor-like kinases (RLKs) is a singleton. Functions 
have been assigned to only a few PP2C genes. This is likely 
to change by the use of high-throughput biological methods. 

It is conclude that from the genome sequence informa-
tion, it is apparent that 

PP2Cs form a major class of phosphatases in plants. 
There is a recurrent theme that PP2Cs regulate signaling 
pathways negatively by opposing the action of particular 
protein kinases. The huge diversity of PP2Cs in plants em-
phasizes the existence of sophisticated signaling. 
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