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Abstract 
Reversible phosphorylation is a key mechanism for regulating the biological activities of functional 

proteins. We have partially characterized a serine/ threonine phosphatase 6 regulatory protein from the 

mantle tissues of Indian freshwater pearl mussels Lamellidens marginalis and Parreysia corrugata. The 

characterized sequences showed more than 75% sequence identity at both the DNA and protein levels of 

the species. Importantly, the characterized sequences did not show similarity to any other genes in the 

homology search. A predicted 23 amino acid polypeptide stretch from both the species was 100% 

identical in all mollusc sequences available till date (across isoforms) and more than 95% similar to a 

wide range of species. The predicted protein folding patterns showed alpha helices separated by 

intervening loop regions in both the in silico translated polypeptides, similar to reported regulatory 

subunits of serine/ threonine protein phosphatases. Considering the extent of structural similarity of this 

polypeptide stretch among the molluscs and the fact that the sequences were isolated from the mantle 

tissues, it may be speculated that the genes partially characterized here could be primarily involved in 

shell formation and bio-mineralization process. 
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Introduction 
Bio-mineralization is a complex set of processes for the formation of inorganic solids within a 

living system. Formation of nacre is one such fascinating bio-mineralization process 

encountered in many molluscs. Central to the process of bio-mineralization are proteins that 

guide and regulate the formation and growth of the inorganic crystals. In mollusc shell and 

pearl, such proteins are collectively called shell matrix proteins (SMPs) [1]. 

Biological activity of key proteins is determined to a large part by the reversible 

phosphorylation in eukaryotic cells [2]. Reversible phosphorylation is known to affect protein 

function in a variety of ways such as inducing conformation changes on substrate proteins and 

creating docking sites for phospho-dependent protein interaction domains [3]. Indeed, erroneous 

phosphorylation and de-phosphorylation of SMPs have been shown to result in abnormally 

growing prismatic layers and nacre tablets with reduced crystallinity and possibly changed 

crystal orientation [1]. Therefore exploration of specific proteins involved in the reversible 

phosphorylation mechanism of SMPs warranted.  

It is estimated that more than 98% of reversible phosphorylation in proteins occur in serine / 

threonine residues [2, 4] catalysed by specific classes of kinases and phosphatases that cause 

phosphorylation and de-phosphorylation respectively of specific target proteins. The serine 

threonine Protein phosphatases (PP) are classified on the basis of their substrate specificity and 

inhibitor sensitivity into type-1 and type 2 phosphatases [5]. One of the type-2 category 

phosphatases, namely PP-6, plays an important role in cell signalling and cell cycle [4]. 

Mutations that affected the binding of the catalytic subunit of PP6 (PP6c) to the regulatory 

subunits resulted in increased mitotic defects in human cells [6]. PP6 holoenzyme is thought to 

play an important part in DNA double strand breaks repair [7] and is reportedly indispensible 

for embryogenesis [8]. 

The evolution of highly conserved protein phosphatase enzymes has recently captured 

scientific attention owing to its significance in cell viability and functioning. It is now known 

that the diversity of functional PPPs in eukaryotic proteome is derived from the many 
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combinations of catalytic and regulatory subunits [9]. In other 

words the whole array of specific protein phosphatase 

complexes encountered in the eukaryotic cell system owes 

their specificity in function as much to the regulatory subunits 

as to the catalytic units.  

PP6 holoenzyme is described as a heterotrimer composed on 

the PP6 catalytic subunit, a SAPS domain containing 

regulatory subunit and an ankyrin repeat-domain containing 

regulatory subunit (ARS) [10]. Endogenous PP6 regulatory 

subunit 3 (PP6R3) co-precipitated 50% of PP6 in cell extracts. 

In fact, PP6R3 alone was sufficient to bind to the catalytic 

subunit, indicating it is the major binding factor for the PP6 

holoenyme [11]. 

In this study, an attempt was made on partial characterization 

of the serine/threonine protein phosphatase 6 regulatory 

subunit 3 from the mantle tissues of Indian freshwater pearl 

mussels, Lamellidens marginalis and Parreysia corrugata. 

Considering that the mRNA was derived from the major site 

of shell bio-mineralization in the species, it is possible that the 

characterized PP6R3 subunits isoform could have direct 

implications on the mussel shell matrix protein functions. 

 

Materials and methods 

RNA isolation and cDNA synthesis 

Total RNA was isolated from mantle tissue samples of 

Lamellidens marginalis (Class Bivalvia; Family Unionidae) 

and Parreysia corrugata (Class Bivalvia; Family Unionidae) 

using RNeasy® Mini Kit (Qiagen, USA) following 

manufacturer’s instructions. The isolated RNA was reverse 

transcribed using R2DFast 1st strand cDNA synthesis kit® 

(GCC Biotech, India). The single stranded cDNA was 

subjected to PCR (F: primer; R: Primer) using touchdown 

thermal cycling conditions of 1 cycle of 94 °C for 5 min, 35 

cycle of 94 °C for 1 min/57-52 °C for 1 min/72 °C for 1 min 

and one cycle of 72 °C for 5 min.  

 

Sequencing and bioinformatics analyses 

The amplified products were checked on a 2% agarose gel to 

check size specificity of the bands. The amplicons of expected 

size were excised from the gel, purified, and subjected to 

sequencing on a Genetic Analyzer 3500xl (Applied 

Biosystems, USA).  

The sequences were subjected to homology search on NCBI 

BLASTn to confirm specificity. The partial cDNA sequences 

were aligned with homologous mollusc sequences available in 

NCBI Genbank that showed more than 60% similarity. 

Phylogenetic trees were constructed using Phylogeny.fr 

platform [12, 13]. Within the online assemblage platform of tools 

for alignment, alignment refinement, phylogeny and tree 

rendering, PhyML 3.1/3.0 aLRT software was employed for 

phylogeny using maximum likelihood method in this study. 

The secondary structure prediction of predicted polypeptides 

was performed using Phyre 2 server [14]. 

 

Results and Discussion 

Bio-mineralization is a complex set of molecular processes. 

Phosphorylation of shell matrix proteins is known to be a 

major factor that affects bio-mineralization process in mollusc 

shells [1]. In fact, reversible phosphorylation is one of the 

major post transcriptional modifications in proteins that 

govern their function and turn over [2]. In this study, partial 

characterization of serine/ threonine protein phosphatase 6 

regulatory subunit 3 from two Indian freshwater pearl mussels 

is reported. 

The single primer pair used to amplify the sequence from both 

the species was designed following a methodology developed 

by our laboratory (Unpublished data). The partial cDNA 

sequences of the target gene and their respective predicted 

amino acid sequences characterized from Lamellidens 

marginalis and Parreysia corrugata (NCBI Acc. No: 

MN518757 & MN518758 respectively) were subjected to 

BLASTn homology searches. The characterized sequences 

showed more than 75% sequence identity at both DNA and 

protein levels across the species. Nucleotide similarity of 

more than 60% satisfies the criteria for phylogenetic tree 

construction [15]. Fig. 1 depicts the phylogenetic tree 

constructed using homologous sequences available in public 

domain from related species.  

 

 
 

Fig 1: Neighbour joining tree for PP6R3 partial gene sequences of Indian pearl mussels 

 

It may be observed that the clustering of the sequences 

followed the expected taxonomic hierarchy, and our reported 

sequences showed relatively higher similarity with other 

bivalve species. Importantly, the characterized sequence did 

not show similarity to any other genes in the homology search 

indicating that this is a highly conserved stretch.  

The in silico translated polypeptide stretch 

“QQAFSDYQLQQMTSNFIDQFGFNEEEFQEQEEKADSP

FGDRISSI” from L. marginalis was identified as SIT4 Yeast 

associated protein (SAP) family by Interpro software, 

confirming the specificity of our reported sequences. The 

human PP6 holoenzyme was identified to be an ortholog of 

the budding yeast SIT4 protein, involved in cell cycle 

regulation [16, 17]. The highly conserved SAPs domain held by 

the regulatory subunits is known to be the site of interaction 

between the SIT4 protein in the yeast, for the formation of the 

functional holoenzyme [11]. In fact, the predicted 23 amino 

acid polypeptide stretch from both the species 

“QQAFSDYQLQQMTSNFIDQFGFN” was 100% identical 

in all mollusc sequences available till date (across isoforms) 

and > 95% similar to a wide range of species.  

The predicted protein folding patterns showed alpha helices 

separated by intervening loop regions in both the in silico 

translated polypeptides (Fig.2.a, b). 
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Fig 2: Secondary structure simulated for the predicted polypeptide 

stretch of PP6R3 mRNA of Lamellidens marginalis (a) and 

Parreysia corrugata (b). The folding simulation was performed 

using Phyre 2 software, and the depicted models were trained on 

human protein phosphatase 1 regulatory subunit 3a as templates. 

 

Both the simulations were modelled over human protein 

phosphatase 1 regulatory subunit 3a as template with 67% 

coverage each. Helical repeat motifs are commonly 

encountered in regulatory subunits of serine/ threonine protein 

phosphatases, and are thought to mediate protein- protein 

interactions [11]. However the predicted folding in this case 

had a significantly low confidence when trained on the 

reported PP6R3 subunit structures, despite the high similarity 

at primary structure level. In addition, the folded polypeptides 

were not identified with any of the reported domains by in 

silico platforms. In silico protein folding prediction 

algorithms try to envision the protein energy kinetics based on 

the native protein structure as well potential interactions 

between the molecules [18, 19, 20]. Therefore, it is possible that 

the secondary structure prediction could not be authoritative 

in the absence of the complete sequence of the polypeptide. 

Interestingly similar issues were also reported [21] by using 

standard training algorithms even when complete PP6R3 

protein sequence was used. 

The PP6 genes are expressed ubiquitously and are thought to 

be involved fundamentally in cell cycle regulation [17]. PP6R3 

subunit has been found to be involved in chromosomal 

translocations and various cancers. Two out of five 

phosphorylation sites of human PP6R3 protein was found to 

be DNA damage induced- SQ/TQ sites [22] indicating that it is 

a major player in DNA damage repair processes. Damaged 

endogenous DNA has been shown to induce inflammatory 

gene expression [22] by triggering multiple signalling cascades 

[23, 24]. Unsurprisingly, the PP6R3 protein has also been 

implicated in immune related functions with high expression 

levels recorded in T helper cells, cytotoxic cells and 

monocytes in human body [25]. 

The processes of pearl grafting can evoke the immune system 

of the host mollusc [26, 27] which influences graft rejection rate, 

survival of the host as well the successful development of the 

pearl sac [28]. In other words, the successful implantation and 

development of pearl in a grafted mussel is heavily dependent 

on the host immune reactions post implantation. Considering 

the extend of structural similarity of this polypeptide stretch 

among molluscs and the fact that the sequences were isolated 

from the shell mantle tissues, we speculate that the genes 

partially characterized in our study could be primarily 

involved in mollusc shell bio-mineralization regulation.  

 

Conclusion 

We report the results of our study where we have partially 

characterized a serine/ threonine phosphatase 6 regulatory 

protein from the mantle tissues of Indian freshwater pearl 

mussels Lamellidens marginalis and Parreysia corrugata. 

Our characterized sequences showed significant similarity to 

reported homologous sequences from multiple mollusc 

species both at DNA and polypeptide levels. The in silico 

translated polypeptide stretch from the characterized 

sequences showed homology to the SIT4 Yeast associated 

protein (SAP) family proteins, which is known to be the site 

of interaction between the regulatory unit and the catalytic 

unit of the PP6 holoenzyme. Further studies to identify the 

role of these novel mantle tissue PP6R3 sequences in the 

process of shell biomineralization of the freshwater pearl 

mussel are warranted.  
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