Neuroscience 280 (2014) 351-367

DIFFERENTIAL EXPRESSION OF SYNAPSIN GENES DURING EARLY

ZEBRAFISH DEVELOPMENT

G. GARBARINO, S. COSTA, M. PESTARINO AND
S. CANDIANI*

Dipartimento di Scienze della Terra, del’Ambiente e della
Vita, Universita di Genova, Genova 16132, Italy

Abstract—Synapsins are a family of synaptic vesicle
(SV)-associated phosphoproteins that have been identified
in several vertebrates and invertebrates. We report here
the cloning and expression of synapsin family genes in
the zebrafish Danio rerio. We identified the complete coding
sequence of synapsin 3, which is not present in the cur-
rently available genome, and characterized and annotated
the synapsin gene family in the zebrafish D. rerio. By means
of whole-mount in situ hybridization, we showed the spatio-
temporal expression of synapsin genes at three different
time points during early embryonic development: 20-24 h
postfertilization (hpf), 30-33 hpf, and 3 days postfertilization
(dpf). As very few data are available describing the expres-
sion of synapsin family genes during CNS development in
vertebrate models, our results may help to achieve a better
understanding of the complex functions of these molecules.
Finally, new interesting evidence from our temporal gene
expression studies suggests that synapsins have also
maternal functions. © 2014 IBRO. Published by Elsevier
Ltd. All rights reserved.
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rhombencephalic ventricle; s, subpallium; sc, spinal cord; t,
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INTRODUCTION

Synapsins are phosphoproteins that are associated with
synaptic vesicles (SVs) and conserved in vertebrate and
invertebrate species (De Camilli et al., 1990; Kao et al.,
1999; Candiani et al., 2010). Synapsins are involved in
neurotransmitter release, synaptic plasticity, neurite elon-
gation and synapse formation (Ferreira et al., 1994). Ver-
tebrate synapsins are encoded by three different genes,
Syn1, Syn2 and Syn3, while invertebrates have a single
synapsin gene (Candiani et al., 2010). At least 10 distinct
alternative transcripts (Syn1a/b, Syn2a/b, Syn3a—f) (Kao
et al., 1999) have been identified in vertebrates. Synap-
sins are present in the majority of synapses in the central
and peripheral nervous systems (De Camilli et al., 1990;
Ferreira et al., 1994). In mammals, the three synapsin
genes show a distinct temporal expression pattern in neu-
rons. Syn1 and 2 are upregulated at the onset of synapto-
genesis and remain elevated in mature neurons (Kao
et al., 1998; Porton et al., 1999). Syn3 is expressed early
during neuronal development, and its expression is down-
regulated in mature neurons. In addition, synapsin 3
seems to regulate axonal growth and growth cone size
in developing neurons (Ferreira et al., 2000; Feng et al.,
2002) and it is also distributed in the soma of neurogenic
regions of the hippocampus and the rostral migratory
stream (Kao et al., 2008). Such data are indicative of an
early role for Syn3 in neural progenitor cell development
of the adult hippocampus. Syn1 and 2 have partially over-
lapping functions, and defects in both are associated with
epileptic and autistic-like phenotypes in mice (Fassio
et al., 2011; Cambiaghi et al., 2013; Corradi et al.,
2014). Several studies have also documented the associ-
ation of Syn3 defects with multiple sclerosis and neuro-
psychiatric diseases (Otaegui et al., 2009; Chen et al.,
2009). Outside of the nervous system, secretory-pancre-
atic B cells (Matsumoto et al., 1999) and chromaffin cells
(Haycock et al., 1988) contain synapsins.

The three mammalian synapsin genes are each
associated with a TIMP gene. Such genomic
organization is also conserved for the invertebrate
synapsin gene. However vertebrates contain genes
encoding synapsins and TIMPs, some of which are
nested and others are independent. This gene
arrangement indicates that the ancestral Syn-Timp
locus has undergone duplications during vertebrate
evolution (Yu et al., 2003). The mammalian genome has
undergone the two rounds of whole-genome duplication
that occurred in the common ancestor of vertebrates,
whereas a third genome duplication occurred in the stem
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lineage of teleost fishes (Postlethwait et al., 2000; Meyer
and Van de Peer, 2005). The teleost Takifugu rubripes,
has four synapsin genes: Syn1, Syn2a, Syn2b, and
Syn3 (Yu et al., 2003). A comparison of the Fugu and
human Syn loci indicates that the Fugu contains an addi-
tional Syn gene (Syn2b). While the two Syn2 proteins,
Syn2a and Syn2b, are generated by alternative splicing
of the mammalian gene, they are encoded separately by
the duplicate Fugu and zebrafish Syn2a/b paralog genes.

With regard to the zebrafish synapsin genes, only
syni, syn2a and syn2b are known, and their
expression has been analyzed only in the spinal cord
of embryos at 17-25 hpf (Courtney Easley-Neal et al.,
2013). However, a comprehensive study on the develop-
mental timing of synapsin gene expression in animal
models and in particular in anamniotes does not exist.
Furthermore, a large body of evidence comes from cell
cultures and not from in vivo models. Thus, to illuminate
the role of synapsins in the nervous system and to
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contribute to the clarification of the cellular dysfunctions
underlying several cognitive diseases, we studied synap-
sin gene expression during the development of the zeb-
rafish Danio rerio.

Here, for the first time, we report the mammalian
ortholog of syn3 in the zebrafish (D. rerio) genome. We
cloned all four zebrafish synapsin genes (syn1, synZ2a,
syn2b, and syn3) and examined the temporal and spatial
expression at different developmental stages. We also
analyzed the correlation of synapsin and TIMP genes in
the zebrafish genome to understand the evolution of
these genes during vertebrate genome duplications.

EXPERIMENTAL PROCEDURES
Animal collection and RNA preparation

Embryos of the AB strain were grown at 28.5 °C under
standard procedures (Westerfield, 2000) and staged

| DOMAIN A “ DOMAIN B |
Fugu Syn2a TASSPTQQVTSPAP QSITKAA.TQAFASSPASQERRLSQMSQQ.QQAQSSSTSSSSFGGSS-SIS —————
human Synla RRLS I SRPOPEPPBEGAH---—-—- -SEGATBGPGTBTAERSSGVAPAASP]
human Syn2a ERPANLPNGYMMD gBpPP—————— ~GI§GAASASAAPBETASPGPERRBPPASA APQrA.A
human Syn3a RRRLS ] R HBOPLAAS FSBPE--------------SBLFSHLESEMEEAPOATSGLME P-———-
zebrafish Synl R i YD g OSE-————————— —AI\/LSIZ:——SQERRQ ———————————
zebrafish Syn2a RRRI 5 C -PlgSGSBAAPLEBAENRSPSSSBAPERREQ- -
zebrafish Syn3 FNLPNGYMBDLC TERRPAPETAPAPA--PABTLTPTEAPAPA
human Syn2b RRRLSDS LEN GAASASAAP) PPASABARQPA
Fugu Syn2b KSBTAGPT| LERKBQ----|
zebrafish Syn2b ROERKBTO---|
| DOMAIN C |
Fugu Syn2a
human Synla
human Syn2a
human Syn3a
zebrafish Synl
zebrafish Syn2a
zebrafish Syn3
human Syn2b
Fugu Syn2b
zebrafish Syn2b
Fugu Syn2a [HieHd
human Synla ¥
human Syn2a [d
human Syn3a E
zebrafish Synl < ¥GH
zebrafish Syn2a
zebrafish Syn3 <Y
human Syn2b (4
Fugu Syn2b (1|
zebrafish Syn2b
DOMAIN D |
Fugu Syn2a VERSSSVSRSPTRS-GQKI OPS~AALREGLA-DPNRT PVKTQTAEBSSDSTRRPSEPKPSQTQKAAGPAQKQGP IQRAGSVNKP PVPRPPPMTRAPSIAKPDPSSSSTBAAVKASPSSPAKAA
human Synla SHI SBGALPLGRQTSQQPAGPPAQ) P--QPGPGPQROGPPHQOREPPOBQOHT. LGPBAGSPLPQRLPSPTS
human Syn2a GQ—-—PQGMQPPGKVIPPRRLP”. BsLep:
human Syn3a LRPWAPQTKSAKEPGOAQLG- R 0SP--~
zebrafish Synl SQGPAVSE--QPISQSR----- IOQRARSTARTROGAPPQO) SPQI PBAOS---0QSVTSPIA
zebrafish Syn2a -caforernfiveBAPErAT RESLP-EP IKTBGORBEEOEE - ——————————-. AVKPQEPQBKSQEP TEEPVPAQEPVPKAGP
zebrafish Syn3 —VNTPLTANKTQPG--PQTSQBK---RST]
human Syn2b HLH;EP’GTLIDP —DSSKglP CLOYIMDCNGIAVEPKQVQ;
Fugu Syn2b 7| sS@GAVORGDGP-PETTKDGVG] PKQVO;
zebrafish Syn2b 'ATQEK@ I TVENNTLV-EVKNABPE PKLVOQAN
| DOMAIN D
Fugu Syn2a  AAPGSPTTKATPGSPTTKATPGSPTTKATPGSPTTKATAGSPSTSASSGASABTTEQPK] QSQGSPSAAPIKPKELPPKPTPP****AKPIPFVRRNSKPHIQFKPQTPPPAKALPKFQFAGQDPAASKAEEAASf*fASAPAPAQVQSP
human Synla APQ SPAAPBTOGOGROSRPVAGGPGAP--PAARP PASPSPQRQAGP POATRQTSV SGPAP PKASGAPPGGQORQGP POKP P————====—====-=
hUMAN SYN2a  SAP== == == oo oo o o o o e e RPGGPTAHGDAPSSSSSLAEAQ---
human Syn3a i OBRLSBOGOOPLSPO! PQQO! PGSP
zebrafish Synl PRENOPPOROASQ@SAAPQRP————-——~ PAAQTPAQRGS POSOROGGPOQGGPOTGGOS PKPAGQPQORPOQPROGQ-—~-~ PTRQPTOGGP
zebrafish Syn2a T TLPiTT OPKBQTOAAPEPT PEKPTDLP PKPQPPKPLPPKPVPPVRRNSKPQIQPK PQT PPPAKAL PKAD-TDQDPGQIKPDSVPAQEQS PARVPIKPPSP
zebrafish Syn3 OASPORAR
human Syn2b
Fugu Syn2b
zebrafish Syn2b
DOMAIN D I DOMAIN E
Fugu Syn2a  AKTSQSP-PNVQSPAKAQPQAABON-------TEPASAEAPAAPAEASGAVEDQPASQQK-THE _AINAFSDSSFFRGVSSSGGDGQE_N_
human Synla  GPTRQASQAGPVPRTGEPTTOBBRP: SGPGPAGAPKPQLAQKPSQDVPPPATAAAGGPP)
human Syn2a = ——-—--—---— PPLAABPOKPQR o
human Syn3a  QLSRASSGSSPNOASKBGATLASQP RPPVQG--------RSTSQQGEES---KKPAPPHBH
zebrafish Synl QQTQDAPQPAPQGSPREPTTORBRP----TAPGQGG--- PGGTRPPLQOKPQPP--QKPSPDHBANSGS POLN|
zebrafish Syn2a  AKPQLOPKPVLREQAKEEAR; PSEAASAPDRATSAPAPAPAPAQPPVEEQPAPQQKSS.L. -AI
zebrafish Syn3 TSPSQAFQPGPMPSGGTHTO! SETLRR-----~
human Syn2b
Fugu Syn2b
zebrafish Syn2b

Fig. 1. Multiple sequence alignments of synapsins from zebrafish, Fugu and humans. Identical residues are highlighted in black, and those
conserved in at least 50% of sequences in gray. The organization of protein domains is indicated above the sequences. The 21 residues conserved
between zebrafish, Fugu and human Syn2b proteins are underlined. Only the Syn2a/b proteins of Fugu are shown.
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