
J Bioinform Syst Biol 2022; 5 (1): 1-25  DOI: 10.26502/jbsb.5107030 

 

 

Journal of Bioinformatics and Systems Biology                           Vol. 5 No. 1 - March 2022. 1 

 Research Article  

Characterization of Two Novel EF-Hand Proteins Identifies a Clade 

of Putative Ca
2+

-Binding Protein Specific to the Ambulacraria 

 

Arisnel Soto-Acabá
1
, Pablo A. Ortiz -Pineda

2
, Joshua G. Medina-Feliciano

1
, Joseph Salem-

Hernández
3
, José E. García-Arrarás

1, *
 

 

1
Department of Biology, University of Puerto Rico, Río Piedras Campus 

2
Laboratorio de Biología Molecular y Genómica. Fundación InnovaGen. Popayán. Colombia. 

3
School of Medicine, University of Puerto Rico, Medical Sciences Campus 

 

*Corresponding author: José E. García-Arrarás, Department of Biology, University of Puerto Rico, Río Piedras 

Campus, USA. 

 

Received: 22 December 2021; Accepted: 13 January 2022; Published: 03 February 2022 

 

Citation : Arisnel Soto-Acabá, Pablo A. Ortiz-Pineda, Joshua G. Medina-Feliciano, Joseph Salem-Hernández, José 

E. García-Arrarás. Characterization of Two Novel EF-Hand Proteins Identifies a Clade of Putative Ca
2+

-Binding 

Protein Specific to the Ambulacraria. Journal of Bioinformatics and Systems Biology 5 (2022): 1-25. 

 

Abstract 

In recent years, transcriptomic databases have become one of the main sources for protein discovery. In our studies 

of nervous system and digestive tract regeneration in echinoderms, we have identified several transcripts that have 

attracted our attention. One of these molecules corresponds to a previously unidentified transcript (Orpin) from the 

sea cucumber Holothuria glaberrima that appeared to be upregulated during intestinal regeneration. We have now 

identified a second highly similar sequence and analyzed the predicted proteins using bioinformatics tools. Both 

sequences have EF-hand motifs characteristic of calcium-binding proteins (CaBPs) and N-terminal signal peptides. 

Sequence comparison analyses such as multiple sequence alignments and phylogenetic analyses only showed 

significant similarity to sequences from other echinoderms or from hemichordates. Semi-quantitative RT-PCR 

analyses revealed that transcripts from these sequences are expressed in various tissues including muscle, haemal 

system, gonads, and mesentery. However, contrary to previous reports, there was no significant differential 

expression in regenerating tissues. Nonetheless, the identification of unique features in the predicted proteins and 

their presence in the holothurian draft genome suggest that these might comprise a novel subfamily of EF-hand 

containing proteins specific to the Ambulacraria clade. 
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1. Intr oduction 

Modern genome and transcriptome studies allow for the identification and discovery of hitherto unknown sequences 

that code for different types of proteins. This discovery process has been possible due to the ease by which DNA 

and/or RNA sequences are obtained, even from non-model organisms that make available millions of sequences for 

comparative analyses. Our group has focused on transcriptomes obtained from normal and regenerating tissues of an 

echinoderm, the sea cucumber Holothuria glaberrima [1ï4]. Studies in this model have been done to explore gene 

expression of intestinal and nervous systems in an attempt to expand our knowledge of the Echinodermata, a phylum 

which lies on the evolutionary branch of chordates [5, 6]. In this effort, we have constructed several transcriptomic 

libraries using high throughput sequence analyses, including EST (expressed sequence tag) analyses [3], 454 and 

Illumina sequencing [7, 8]. Moreover, we have performed differential gene expression studies, particularly 

microarrays and transcriptomic comparisons between normal and regenerating tissues. The results from these 

experiments have been a large number of differentially expressed genes associated with the regenerating tissues. Out 

of these hundreds of genes, we have focused on the study of unknown sequences that show increased expression 

during regeneration. One of these molecules corresponds to a previously unidentified transcript from H. glaberrima 

that was shown to be upregulated during the initial stages of intestine regeneration by microarray analyses [3,8]. The 

sequence was annotated to public databases as Orpin (GU191018.1, ACZ73832.1) on 12-13-2009. 

 

We now provide a full report on the putative Orpin sequence including the prediction of an N-terminal signal 

peptide, which is characteristic of secreted proteins. Moreover, we have discovered an additional Orpin isoform in 

H. glaberrima and provide a full description of both Orpin isoforms. Both sequences are newly discovered putative 

EF-hand coding proteins with structural characteristics that are evolutionarily related to this group of proteins. We 

have also probed other available databases and have found previously undescribed sequences whose similarities 

suggest they are part of the Orpin family, a protein family that appears to be restricted to the Ambulacraria clade. 

 

2. Materials and Methods 

2.1 Ethics Statement 

This research deals only with invertebrate animals, thus the University of Puerto Rico IACUC waives ethical 

approval of research performed on invertebrates. Animals were sacrificed by immersion in ice cold water for 29-30 

min and then sectioning the anterior part of the animal close to the oral nerve ring, which accounts for the main 

component of the nervous system. 

 

2.2Animals 

Adult specimens (10ï15 cm in length) of the sea cucumber H. glaberrima were collected in coastal areas of 

northeastern Puerto Rico and kept in indoor in aerated seawater aquaria at room temperature (RT: 22°C ± 2°C). 

Evisceration was induced by 0.35 M KCl injections (3ï5 mL) into the coelomic cavity [1]. Eviscerated animals were 

let to regenerate for 3, 5, 7, 10, and 14 days before the dissection and tissue extraction. For the dissection, organisms 
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were anesthetized by placement in ice-cold water for 1 h. [1,3,9]. Dissected tissues were rinsed in ice-cold filtered 

seawater and processed for RNA isolation. 

 

2.3 RNA Extraction and cDNA Synthesis 

RNA extraction was performed on tissue extracts of normal and 3, 5, 7, 10, and 14 dpe animals. Extracted tissues 

included gonads, mesentery, haemal system, respiratory tree, longitudinal muscle, and radial nerve cords. After 

dissection, tissues were placed in 1 mL of TRIzol reagent (Invitrogen), homogenized with a Power Gen Model 125 

Homogenizer (Thermo Scientific) and incubated 30 min on ice. These samples were mixed vigorously with 200 ɛL 

of chloroform and incubated 10 min at RT. After centrifuged at 12,000 rpm at 4°C, the aqueous RNA phase was 

separated, mixed with 70% ethanol, and transferred to an RNeasy Mini Kit column (QIAGEN) for 

deoxyribonuclease (DNase) treatment (QIAGEN). Total RNA was extracted following the manufacturerôs protocol. 

The concentration and purity of the total RNA was measured using a NanoDrop ND-1000 spectrophotometer 

(Thermo Scientific). The cDNA was synthesized from 1 ɛg of the total RNA using the ImProm-II Reverse 

Transcription System (Promega) and oligo (dT) 23 primers. 

 

2.4 Semi-quantitative RT-PCR 

RT-PCR reactions were performed using cDNAs prepared from extracted RNA. These reactions were set up in a 

reaction volume of 25 ɛL with the final concentration of the PCR primers of 100 nM. Specific primers for the most 

variable regions between Orpin A and Orpin B sequences were designed using OligoAnalizer tools from the 

Integrated DNA Technology webpage (www.idtdna.com). The primers used were: Orpin B forward: 5ô-

ACAGGGAGTACAAACAGTCGTCAA-3ô and Orpin B reverse: 5ô-CTATTTACTCTGCAACTGACACTTTCT-

3ô; Orpin A forward: 5ô-ACTTCTGCAGAATCAGTTGTTAAGA-3ô and Orpin A reverse: 5ô-

TTCAGTGGAGTCGCCAAC-3ô. RT-PCR reactions were performed on three independent RNA samples purified 

from each of the regeneration stages (previously mentioned) as well as from the normal intestines. The PCR 

amplification was done by an initial denaturation step of 94°C (45 s), a primer annealing step of 50.2°C (45 s), and 

an extension step of 72°C (45 s) with a final additional 72°C (10 min) for 28 cycles for Orpin A, 26 cycles for Orpin 

B, and 26 cycles for NADH, as the amplification parameters for each pair of primers. All samples were analyzed in 

triplicate. Additional tissues were amplified for 35 cycles (2ï4 replicates). The relative expression of Orpin A and 

Orpin B was normalized relative to the expression of the housekeeping gene NADH dehydrogenase subunit 5 using 

ImageJ software [10] from the optical density values from electrophoresed sample bands on 1% agarose gels, using 

a Molecular Imager ChemiDoc XRS+ (BioRad). The primers used for the NADH sequence amplification were: 

forward: 5ô-CGGCTACTTCTGCGTTCTTC-3ô and reverse: 5ô-ATAGGCGCTGTCTCACTGGT-3ô. The Orpin A 

and Orpin B sequences were confirmed by sequencing excised electrophoresed sample bands at the Sequencing and 

Genotyping Facility (UPR-RP). 

 

2.5 Bioinformatics Analyses 

Homolog sequences were identified and retrieved from the NCBI GeneBank protein database [11] using the original 

Orpin sequence previously identified [8] as a query. BLASTp [12, 13] were performed against the public non-

https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-1
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https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-11
https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-8
https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-12
https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-13
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redundant protein database in GeneBank. Conserved domain identification and UTR analysis were performed using 

CDD [14], RegRNA [15], UTRScan [16] and PSIPRED [17,18], ScanProsite [19], InterProScan 5 [20,21], Phobos 

[22], SignalP 5.0 [23], and Phobius [24] on Geneious 11.1.5 software (https://www.geneious.com). Sequence 

alignments were carried out with MUSCLE [25] (10 iterations) and the Blosum62 matrix and edited with Geneious 

software 11.1.5 (https://www.geneious.com). Note: It is possible that there are N-terminal sequencing artifacts on 

two annotated sequences from A. japonicus sequences (ARI48335.1 and PIK49419.1). If we delete the residues from 

the predicted cytoplasmic N-terminal region from the ARI48335.1 sequence and from PIK49419.1 up until their 

next methionine, they also show a predicted signal peptide of 21 residues each. 

 

2.6 Phylogenetic Analysis 

EF-Hand proteins and other similar sequences were retrieved from literature and protein database as mentioned in 

results section and the multiple sequence alignment was performed on MAFFT v7.309 [26] with BLOSUM62 

scoring matrix, gap open penalty of 1.57, and offset value of 0.123. For the tree building, the Maximum-Likelihood 

analysis was done using JTT model of sequence evolution with 1000 bootstraps using PhyML 3.0 [27] plugin using 

Geneious 11.1.5 software (https://www.geneious.com). The corresponding sequences are included in S1 Table. The 

tree was edited for better visualization and colors in iTOL v4 online tool [28]. The (frog) X. laevis, (mouse), M. 

musculus, and (human) H. sapiens calcineurin A sequences were selected as outgroups and does not contain EF-

Hand motifs. In addition, the Orpin homologs from A. japonicus ARI48335.1 and PIK49419.1 were edited for the 

analyses by deleting the N-terminal residues down to the second predicted methionine for the reason mentioned 

above. 

 

2.7 Genome Analysis 

Genome loci of H. glaberrima Orpin transcripts were annotated manually by BLASTn alignments of the sequences 

against the draft genome (NCBI ID: PRJNA497079) [29]. To narrow our search, we initially aligned the identified 

Orpin transcripts to the genome to determine the scaffolds in which they were present and then aligned them to these 

scaffolds (22267 and 51815) with BLASTn. Alignments and annotation were carried out manually identifying each 

exon of both genes. Then, TopHat (v2.1.1) with default parameters was utilized to confirm the previously identified 

gene junctions. For the TopHat analysis we utilized raw RNA-seq reads (NCBI SRA BioProject: PRJNA660762) 

from previous H. glaberrima studies.  Identified junctions that were not congruent with our current search of these 

Orpin transcripts were not considered. OrpinA & B sequence alignments were performed using MAFFT (v7.312). 

 

2.8 Statistical Analyses 

Statistical significance of the resulting data was evaluated through one-way ANOVA using the JMP
®
, Version 12. 

SAS Institute Inc, Cary, NC, 1989-2019. The multiple comparison procedure and statistical test Tukey-Kramer HSD 

(honestly significant difference) was used to determine significant differences between means from optical densities 

determined by Image J software as mentioned before [10]. The Tukey-Kramer results are displayed as small circles 

for high number of data points and large circles for low number of data points. The large red circle shows significant 

differences to small grey circles sample means. All values were reported as the mean ± standard mean error, 
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https://www.geneious.com/
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including mean diamond with confidence interval ([1 ī alpha] x 100), and outlier box plot from a quantiles report. 

While a P < .05 and P < .001 were considered to indicate statistical significance difference between groups. 

 

3. Results 

3.1 Identification of the Original Orpin (Orpin A) Sequence and Characterization of a Second Orpin Isoform 

(Orpin B) 

The original report [3] described a contig sequence (4766-1) which was later annotated as Orpin. This contig was 

used as a template to identify the remaining nucleotides upstream from the open reading frame (ORF) region 

through RACE-PCR analysis [30]. The Orpin sequence is composed of 106 nucleotides from the 5ô UTR and 291 

nucleotides from the 3ô UTR with a 366 nucleotide ORF (plus stop codon) that encodes a putative 122 amino acid 

peptide followed by a stop codon (Figs 1 and 2). The nucleotide composition of this gene sequence was validated by 

sequencing the RT-PCR products amplified from a normal intestine tissue cDNA sample (Fig 2). At the time it was 

annotated in the NCBI database (ACZ73832.1; 12/13/2009), there was no match with other sequences. Two similar 

sequences from the hemichordate Saccoglossus kowalevskii were later added as Orpin-like sequences 

(XP_006824981.1 and XP_002736736.1). 

 

 

https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#ref-3
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Figure 1: Orpin A and Orpin B are isoforms. Differences between sequences are highlighted. White bars: 5ô UTR 

and 3ô UTR regions of both sequences; pink bar: predicted signal peptides; orange bar: ORF regions; purple bars: 

predicted EF-hand motifs; green: conservation level; top sequences: nucleotide and amino acid consensus 

sequences. Differences between nucleotide sequences are highlighted. It is shown a significant difference, especially 

between both 3ô UTR sequences. Analysis was done using the MAFFT plugin in Geneious 11.1.5. 

 

 

Figure 2: Primers for sq-RT-PCR of Orpin A. Orpin A UTRs regions (blue boxes) and coding region (green box) of 

the Orpin A gene. Primer sequences designed to specifically amplify Orpin A (light red letters). Primer sequences 

used for the identification of the original Orpin sequence in previous reports (green letters). These primers were 

designed prior to identification Orpin isoform. 

 

After performing further in-depth analyses of the available transcriptome libraries from regenerating and non-

regenerating intestine and regenerating and non-regenerating radial nerve, we discovered an additional highly 

similar sequence that was identified as a putative Orpin isoform. This new putative protein shared 90% identity and 

98% similarity with the original Orpin sequence but displayed different UTRôs from the original sequence. We refer 

to this sequence as Orpin B to differentiate it from the original Orpin which we refer from now on as Orpin A. The 

sequence corresponding to Orpin B was also validated through RT-PCR amplification and sequencing (Fig 3 and S1 

Fig). Orpin B mRNA sequence is composed of 103 nucleotides from the 5ô UTR and 364 nucleotides from the 3ô 

UTR (Figs 1 and 3). Its ORF is 369 nucleotides (plus stop codon) long and encodes a putative 123 amino acid 

protein.

 

https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#F3
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Figure 3: Primers for sq-RT-PCR of Orpin B. Orpin B UTR sequences (blue boxes) and coding region (green box). 

Primer sequences designed to specifically amplify Orpin B (blue letters). 

Sequence comparisons among the two Orpins from H. glaberrima and the two Orpin-like sequences from S. 

kowalevskii show that the latter shared 46ï50% identity and 76ï77% similarity with the Orpin A (Fig 4). Similarly, 

Orpin B translated amino acid sequence shared 46ï50% identity and 66ï67% similarity with the sequences from S. 

kowalevskii (Fig 4). Furthermore, we identified three additional putative Orpin homologs from another sea 

cucumber species, Apostichopus japonicus, one from the starfish Acanthaster planci, and two from the sea urchin 

Strongylocentrotus purpuratus with expected values (E-value < 0.001 and total scores > 47.8). All Orpin-like 

sequences contain one domain that is predicted to be a calcium-binding domain composed of two EF-hand motifs at 

their carboxy-terminal (Figs 5 and 6). 

 

Figure 4:  Orpin homologs pairwise sequence divergence. Translated amino acid sequences comparison by (A) 

identity% and (B) similarity%. The alignments were done using Muscle with 50 iterations using Geneious 11.1.5. 

https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#F4
https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#F4
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https://www.biorxiv.org/content/10.1101/2020.05.22.110411v1.full#F6
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Figure 5: Orpin homologs alignment. The most conserved residues are indicated by letters in black boxes, green 

identity regions, and large cartoon letters at the sequence Logo. The exception is PIK49419.1 because 20 amino acid 

residues from the N-terminal portion are not compared to other sequences. We can see the additional N-terminal 

regions from A. japonicus sequences ARI48335.1 and PIK49419.1 that did not match to the other homologs. Blue 

box: signal peptide prediction; red box: EF-Hand motif pair prediction. This alignment was done by Muscle plugin 

with 50 iterations using Geneious 11.1.5. 

 

 

Figure 6: Orpin homologs EF-hand motifs alignment. The predicted odd EF-hands match with the canonical EF-

hand pattern and the predicted even EF-hands were identified as non-canonical motifs (14 residues vs 12 residues) 

(red boxes). The non-canonical motifs are similar to vertebrates S100s. Predicted calcium coordinating residues 


