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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 regeneratiechinoderms, we have identified several transcripts that have
attracted our attention. One of these molecules corresponds to a previously unidentified tr&enpfrom the

sea cucumbeirolothuria glaberrimathat appearetb be upregulated during estinal regeneration. We have now
identified a second highly similar sequence and analyzed the predicted proteins using bioinformatics tools. Both
sequences have Hfand motifs characteristic of calcidbinding proteins (CaBPs) and-idrminal signal peptieks.

Sequence comparison analyses such as multiple sequence alignments and phylogenetic analyses only showed
significant similarity to sequences from other echinoderms or from hemichordatesg@entitative RTPCR

analyses revealed that transcripts frdrase 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 ofueigtures in the predicted proteins and

their presence ithe holothurian draft genome suggest that these might comprise a novel subfamihahdEF

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 obtad, even from nemodel organisms that make available millions of sequences for
comparative analyses. Our group has focused on transcriptomes obtained from normal and regenerating tissues of an
echinodermthe sea cucumbétolothuria glaberrima[1i 4]. Studies in this model have been done to explore gene
expression of intestad and nervous systems in an attempt to expand our knowledge of the Echinodermata, a phylum
which lies on the evolutionary branch of chordatg%]. In this effort, we have constructed several transcriptomic
libraries using high throughput sequence analyses, including EST (expressed sequence tag) ndlydesnd

lllumina 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 &ve been a large number of differentially expressed genes associated with the regeneratingutssues.

of these hundreds of genes, we have focused on the study of unknown sequences that show increased expression
during regeneration. One of these molecelasesponds to a previously unidentified transcript fidnglaberrima

that was shown to be upregulated during the initial stages of intestine regeneration by microarray 8/8lyEes [
sequence was annotated to public databas@spas (GU191018.1, ACZ73832.1) on 4123-2009.

We now provide a full report on the putative Orpin sequence including the prediction oteamiNal signal
peptide, which is characteristic of secreted proteins. Moreover, we have discovered an adifipionabform in

H. glaberrimaand provide a fullescription of bottOrpin isoforms. Both sequences are newly discovered putative
EFhand coding proteins with structural characteristics that are evolutionarily related to this group of proteins. We
have also probed other available databases and have fwawiously 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 Satement

This research deals only witihvertebrate animals, thus the University of Puerto Rico IACUC waives ethical
approval of research performed on invertebrates. Animals were sacrificed by immersion in ice cold wat80for 29
min and then sectioning the anterior part of the animal closketmral nerve ring, which accounts for the main

component of the nervous system.

2.2Animals

Adult specimens (Iid5 cm in length) of the sea cucumbér glaberrimawere 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 injectiong%3nL) into the coelomic cavityl]. 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-éoéd water for 1 h.1,3,9]. Dissected tissues were rinsed in-gd filtered

seawater and processed for RNA isolation.

2.3RNA 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 pladadl mL of TRIzol reagent (Invitrogen), homogenized with a Po&en Model 125
Homogeni zer (Thermo Scientific) and incubated 30 min o
of chloroform and incubated 10 min at RT. After centrifuged at@®j@m 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 (QI AGEN). Tot al RN
The concentrion and purity of the total RNA was measured using a NanoDropl®dD spectrophotometer
(Thermo Scientific). The c¢cDNA was synt hesillRevdrsefrom 1

Transcription System (Promega) and oligo (88)primers.

2.4 Sem-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 €L with the final concentration

variable regios betweenOrpin A and Orpin B sequences were designed using OligoAnalizer tools from the

Integrated DNA Technology webpagevwfw.idtdna.con). The primers used wereOrpin B f or wa¥f d: 506
ACAGGGAGTACAAACAGTCGTCAA-3 6 @rpinBr e v e r-GTATTTARBCTGCAACTGACACTTTCT-
36;0min A for war-ACTTCTEGGAGAATCAGTTGTTAAGA-3 6 a@rgin A reverse: 56

TTCAGTGGAGTCGCCAAG3 6 . -PGRTreactions were performed on three independent RNA samples purified
from each of the regeneration stag(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°Q{itl) for 28 cycles foOrpin A 26 cycles folOrpin

B, and 26 cycles foNADH, as the amplification parameters for each pair of primers. All samples were analyzed in
triplicate. Additional tissues were amplified for 35 cycleé4(2eplicates). The relativexpression oDrpin A and

Orpin Bwas normalized relative to the expression of the housekeeping\#@dpid dehydrogenase subuniuSing

ImageJ softwarelld] from the optical density values from electrophoresed sample bands on 1% agarose gels, using
a Molecular Imager ChemiDoc XRS+ (BioRad). The primers used foN#ieH sequence amplification were:

f or wa-CEBGCTAEBTCTGCGTTCTTE3 6 and FAAAGGCGAEGTCHACTGGT-3 6. Ofpim &
andOrpin B sequences were confirmed by sequencing excised electrophoresed sample bands at the Sequencing and
Genotyping Facility (UPHRP).

2.5Bioinformatics Analyses

Homolog sequences were identified and retrieved from the NE&BEBank protein databasil] using the original

Orpin sequence previously identified] [as a query. BLASTp12, 13] were performed againghe public non
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redundant protein database in GeneBank. Conserved domain identification and UTR analysis were performed using
CDD [14], RegRNA [L5], UTRScan 16] and PSIPRED17,18], ScanPrositel9], InterProScan 520,21], Phobos
[22], SignalP 5.0 23], and Phobius 44] on Geneious 11.1.5 softwalgttps://www.geneious.com Sequence

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

software 11.1.5https://www.geneious.comNote: It is possible that there aret&minal sequencing artifacts on

two annotated sequences frémjaponicussequences (ARI48335.1 and PIK49419.1). If we delete the residues from
the predicted cytoplasmic-términal region from the ARI48335.1 sequenand from PIK49419.1 up until their

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

2.6 Phylogenetic Analysis

EFHand proteins and other similar sequences were retrieved from literature and protein database as mentioned
results section and the multiple sequence alignment was performed on MAFFT vZ6BQgith BLOSUM62
scoring matrix, gap open penalty of 1.57, and offset vafu®@123. For the tree building, the Maximtlikelihood
analysis was done using JTT model of sequence evolution with 1000 bootstraps using PhyM| @uyyin usng

Geneious 11.1.5 softwarat{ps://www.geneious.comThe corresponding sequences are included in S1 Table. The

tree was edited for better visualization and colors in iTOL v4 onboé [28]. The (frog) X. laevis (mouse) M.
musculus and (humanH. sapienscalcineurin A sequences were selected as outgroups and does not contain EF
Hand motifs. In addition, the Orpin hotogs fromA. japonicusARI48335.1 and PIK49419.1 were edited for the
analyses by deleting the-fdrminal residues down to the second predicted methionine for the reason mentioned

above.

2.7Genome Malysis

Genome loci oH. glaberrimaOrpin transcripts were annotated manually by BLASTn alignments of the sequences
against the draft genome (NCBI ID: PRINA497079) [29]. To narrow our search, we initially aligned the identified
Orpin transcripts to the genome to determine the scaffoldsichwiney were present and thaligned 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 confprevioasly identified

gene junctions. For the TopHat analysis we utilized raw Fi&é reads (NCBI SRA BioProject: PRINA660762)
from previousH. glaberrimastudies. Identified junctions that were not congruent with our current search of these

Orpin transdpts 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 througlvan@NOVA using the JMB, Version 12

SAS Institute Inc, Cary, N,9892019. The multiple comparison procedure and statistical test TKiaager HSD
(honestly significant difference) was used to determine significant differences between means from optical densities
determined by Imagé sofware as mentioned beforgéd. The TukeyKramer results are displayed as small circles

for high number of data points and large circles for low number of datéspdihe 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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including mean diamond with confidence inteesvepdrt. ([ 1 1

While aP < .05 andP < .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 Secor@rpin Isoform

(Orpin B)

The original report B] described a contig sequence (47§6nrhich was later annotated @spin. This contig was

used as a template to identify the remainimgleotides upstream from the open reading frame (ORF) region
through RACEPCR analysis30]. TheOrpins equence is composed of 10@9nucl eot
nucleotides from the 36 UTR with a 366 nucleotide ORF
peptide followed by a stop codoRigs 1and2). The nucleotide composition of this gene sequence was valiopated
sequencinghe RT-PCR products amplified from a normal intestine tissue cDNA sarfigde?). 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 hemichordagaccoglossus kabevskii were later added agOrpin-like sequences
(XP_006824981.1 and XP_002736736.1).

Identity IE NI S N N D I D S S

S'UTR

Ce 1.0mpinAc.. ANARSEESECEAGAABCAGTEGTEAAGAAT TGT!
Ce 2.0rpinB¢.. ABAG--GGAGEAEAARCAGTEGTEAAGAAT TGT)

AAACTAGTEGTTCAACATCGEAACTCETCCAGAAT CARC
AAACTAGTEGTTCAACATCGEAACTCETCCAGAAT CARC
SUTR

AACAAGEATTTACATCAATCAT
AACAAGEATTTACATCAATCAT

Identity

1.0minAc...
2 OmpinBec...

Identity

Ce 1.0mpinAc.. CTGC
Ce 2. OrpinBec...

Identity
Ce 1.0mpinAc.. G A\TTGTCAAAAACTTTG AAAGTGTCAGTEGC? =
e 2.0mpinBec.. GZ TTGTCAAAAACTTTG AGTGTCAGTEGCAGAGTA
4@0 0.0 500 5!0 5‘:’0 53.0 Sfﬂ M‘B 57.0 5§D 50.0
Identity
3 UIR
e 1.0mpinAc.. GATAGAS “AG GTTAT TENARATEGTCTATTTTAGAGHE--—-——-—--— BETGTAGGCEARGGA.
e 2.0rpinBec.. \GA A STTAT TE-ABATEGTCTATTTTABAG GG—GEITIT_-
55
Identity
e 1.0mpinAcC... C T BAGEITAGAG TAGGAT CIBATEG ABAT TTTGAAA BAGARTATICGEARAREG T
e 2.0mpinBec.. C T CECAAARATTATG EATTACARGAGE ATGT A BRG THCEAT CARTEC ARETTTTG

AAGEIRGGG TGRS AR ADIACT
JUTR 2
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Figure 1: Or pin A and Orpin B are isofor ms. Di fferences bet
and 36 UTR regions of both sequences; pink bar: predic
predicted EFhand motifs; green: conseri@t level; top sequences: nucleotide and amino acid consensus
sequences. Differences between nucleotide sequences are highlighted. It is shown a significant difference, especially

bet ween both 36 UTR sequences. Anahejpssilkl5was done wusing

ORPIN A

AAAACTTCTGCAGAATCAGTTGTTAAGAATTGTACACAGGCCGAAACTAGTCGTTCAACATCGCAA
CTCCTCCAGAATCATCCAGAACAAGCATTTACATCAATC

ATGGCTAGACTTCTTGTACTCGTCGCTACACTTGCTTTGGTCGCTGTCATTAGTGAAGCGTGCACCT
CATCATCTGGGCGCACGCCATCTTGGGACGTITGGCGACTCCACTGAAATCTACCCCACTTACGATCC
TGCTACCGAATCAGTTGGAGTCGGAGTCACTGTTAGGTTTAAAAGAGAAACCGACGATAGTAAACT
GCAGGTCTTCAAATTAATTGACGCATCTGGTGACGGTTACATTGACGCTTGCGAGTGGTTAATAGAG
GGCGGTATTGTCAAAAACTTTGTCCAGTTCCTGACAGACGATGATGTCGATGGTGATGAGAAGATT
TCTTGGAATGAGTTCCAGAAAGTGTCAGTCGCATAG

TAGATAGAAATAGCGCCCCCAGTTCCAGTTATTTAATATAGTCTATTTTAGAGACCTGTAGGGTAAGG
AACATTTACTTCAAAGATGACAGTCTTTCCAAACCTTTCTTCAAAAGCTCAACGAACTGCACCTATC
ATGTCACCTTAAGCTTAGAGTAGGATCTATCGACATTTTGAAACACAATATTGGTATAACGCTCTTTG
AATACCGATAATACCGGATGCATGGGTATATATGCAAGCAGAAAATAAATACATTGTCTCTATGTGAG
CCATTGTGAAAAACCGTGAAAA

Figure 2: Primers for seRT-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 Ar@idjiétters). Primer sequences
used for theidentification of the original Orpin sequence in previous reports (green letters). These primers were
designed prior to identification Orpin isoform.

After performing further irdepth analyses of the availablensariptome libraries from regenerating and non
regenerating intestine and regenerating and-regenerating radial nerve, we discovered an additional highly

similar sequence that was identified as a putafiggn isoform. This new putative protein shar@@s identity and

98% similarity with the originaDrpins e quence but di splayed different UTROS
to this sequence @rpin Bto differentiate it from the originaDrpin which we refer from now on &rpin A The
sequenceorresponding t@rpin Bwas also validated through RACR amplification and sequencirigig 3and S1

Fig). Oppin BMRNA sequence is composed of 103 nucleotides fro
UTR (Figs 1and 3). Its ORF is 369 nucleotides (plus stop codon) long and encodes a putative 123 amino acid
protein.
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ORPIN B

ACAGGGAGTACAAACAGTCGTCAAGAATTGTTCACGGGCCGAAACTAGTTGTTCAACATCGTAACT
CTTCCAGAATCACCCAGAACAAGTATTTACATCAATC

ATGGCTAAACTTCTTGTACTCGTTGCTACACTTGCTTTGGTCTCTGTTATTAGTGAAGCGTGCACCT
CATCATCTGGGCGCACACCAGCTTGGGACATTGGAAACTCAGCTGAAATTTACCCCACTTTTGATC
CTGCTACCAAGTCAGTTGGAGTCGGAGTCACTATTAGGTTTAAAAGAGAAACCGGCGATAGTAAAC
TGCAGGTCTTCAAATTAATCGACGCATCTGGTGACGGTTACATTGACGCTTGCGAGTGGTCAATGG
AGGGCGGTATTGTCAAAAACTTTGTCCAATTCCTGACAGACGATGATGTCGATGGTGATGAAAAGA
TTTCTTGGAATGAGTTCCAGAAAGTGTCAGTITGCAGAGTAA

ATAGAAATAGCGCGCTCACCTCAGTTATTCACATTGTCTATTTTAAAGGGAATATTGCGTTTTAAATG
CCCCAACATGGCATACAAAGAAAATACCTTTAATCCTTATTAAACCATTCGTTCTCACTAATAAACTC
TAGTAATTTTTTCTTCTCCTCAAAAATTATGCATTACAAGAGTAATGTATTGTTGCATCATTTGAATTT
TTGAAAGTTTGGGTGAACAAATTACTTTTGTGCAACAAATAATCGAATTACTTCCTGTGAGAGCCTT
ATTTCTTGAAAAGAAGCTATCGTACTGCCTTATTTTGAATTGTCTATCATACTGTATCTAACATATTG
GTTTAAAATATATGAAAATTTTCT

Figure 3: Primers for seRT-PCR of Orpin B. Orpin B UTR sequences (blue boxes) and coding region (green box).
Primer segences designed to specifically amplify Orpin B (blue letters).

Sequence comparisons among the pins from H. glaberrima and the twoOrpin-like sequences frons.
kowalevskiishow that the latter sharedi&®% identity and 7677% similarity with theOrpin A (Fig 4). Similarly,

Orpin Btranslated amino acid sequence shareéb@®% identity and 6657% similarity with the sequences frdgn
kowalevskii (Fig 4). Furthermore, we identified three additional putat®epin homologs from another sea
cucumber specieg\postichopus japonicu®ne from the starfishcanthaster planciand tvo from the sea urchin
Strongylocentrotus purpuratugith expected valuesEfvalue < 0.001 and total scores > 47.8). @ltpin-like
sequences contain one domain that is predicted to be a cdltiding domain composed of two Hfand motifs at

their carboy-terminal Figs 5and6).

A
ORPIN A OR... ORPIN B OR... S.kowalevsk... S. kowalevsk... A.japonicus ... A.japonicus ... A.japonicus ... A.planciLO... S.purpuratu... S.purpuratu...

ORPIN A ORF translation 8% | = 35.00% | 4048% | 3435% | 25.52%
ORPIN B ORF translation | 33.89%  37.80% 31.82% 22.80%
S. kowalevskii LOC100375... .51% | 86.23% X .21% 23.40% 25.74% 28.06% 20.00%
S. kowalevskii LOC100369... DY 86.23% 29.53% 30.87% 23.40% 25.00% 31.65% 22.50%
A. japonicus ARI48335.1 i 30.87% 29.53% _ 81.07% _ 72% 37.32% 30.20% 22.86%
A. japonicus PIK49419.1 32.21% 30.87% 81.07% | 36.62% 30.20% 22.86%
A. japonicus P1K49418.1 i . 23.40% 23.40% 49.72% |  2527% | 20.74% 16.47%
A. planci LOC110976159 40.48% 37.80%  25.74% 25.00% 37.32% 36.62%  25.27% 26.09% 18.09%
S. purpuratus LOC105438... 34.35% 31.82% 28.06% 31.65% 30.20% 30.20% 20.74% 26.09%

S. purpuratus LOC100890... 25.52% 22.80% ~20.00% 22.50% 22.86% 22.86% 16.47% 18.09%

B

ORPIN A OR... ORPIN B OR... S.kowalevsk... S.kowalevsk... A.japonicus ... A.japonicus ... A.japonicus ... A. plancilO... S. purpurat S. purpuratu...
ORPIN A ORF translation ‘ : [ | 4531%
ORPIN B ORF translation 77.86% 5 ‘ ] 44.04%
S. kowalevskii LOC100375... | — | 97.10% X A | E 56.12% 40.00%
S. kowalevskii LOC100369... 77.86% 97.10% 8.39% A 3 {  57.55% 41.50%
A. japonicus ARI48335.1 T e B | 40.95%
A. japonicus PIK49419.1 7 | 1~ 40.95%
A. japonicus PIK49418.1 7 : % i 44.15% 35.74%
A. planci LOC110976159 ] 1 8% 38.69%
S. purpuratus LOC105438... 57.589 57, ; 51.68% 51.68% 44.15% 51.45% .
S. purpuratus LOC100890... 44.04% .00% | 41.50% | 40.95% 40.95% 35.74% 38.69%

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.
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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 Merminal portion ee not compared to other sequences. We can see the additibexathiNal

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: Hland motif pair prediction. Tik alignment was done by Muscle plugin

with 50 iterations using Geneious 11.1.5.

Figure 6: Orpin homologs Efhand motifs alignment. The predicted odd-tidhds match with the canonical EF
hand pattern and the predicted eventaiRds were identified as m@anonical motifs (14 residues vs 12 residues)

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