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ABSTRACT  

The Nme gene family, also known as Nm23 or NDPK, is a very ancient gene 

family that can be found in all kingdoms of life. In the late eighties, a gene of the 

Nme family, NME1, was identified as the first metastatic suppressor gene, 

resulting in a major interest for this family. Due to the complexity of the family, 

the need for a unified and evolutionary-supported gene nomenclature was recently 

stressed by the scientific community. Based on a complete evolutionary history 

study of the gene family in metazoans and vertebrates, a unified nomenclature 

was recently proposed and accepted by gene nomenclature consortia. In addition 

to its well documented role in tumor metastasis, members of the Nme family are 

also involved in a wide variety of cellular and physiological processes. Available 

data in non-mammalian species remain however scarce with the noticeable 

exception of Drosophila in which a major role in development was reported. In 

fish, very few studies have specifically investigated the role of nme genes. Several 

transcriptomic and proteomic studies have however revealed the expression of 

nme genes in various fish organs and tissues, in mature oocytes, and during 

embryonic development. Altogether, interest for the Nme gene family in fish is 

growing and new functions/roles in fish biology are expected to be discovered in 

the forthcoming years. Here, we briefly review the current knowledge of the Nme 

family in fish. 
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Introduction 

The Nme gene family, also called Nm23 or NDPK, is a very ancient gene family 

found in all kingdoms of life, i.e. eubacteria (Hama et al. 1991; Lu et al. 1995), 

archaea (Polosina et al. 1998) and eukaryotes (Desvignes et al. 2010). In the late 

eighties, a gene of the Nme family, NME1, was identified as the first metastatic 

suppressor gene (Steeg et al. 1988). Nme genes have however been shown to be 

involved in multiple physiological and pathological processes such as cellular 

differentiation, embryonic development, metastatic dissemination, and cilia 

functions (Biggs et al. 1990; Boissan et al. 2009). In eukaryotes, Nme proteins are 

separated in 2 different groups – group I and group II – based on their nucleoside 

diphosphate kinase (NDPK) activity and their evolutionary history (Boissan et al. 

2009; Desvignes et al. 2009; Desvignes et al. 2010) (Fig. 1 and 2). The 

biochemical NDPK activity, that has been studied for group I members and Nme6 

protein (Tsuiki et al. 1999; Boissan et al. 2009; Perina et al. 2011), has however 

never been studied in fish. Nevertheless, sequence analysis of zebrafish Nme 

proteins, based on identification of amino acid supposed to be crucial for NDPK 

function, suggests conservation of NDPK activity in (co-)orthologous zebrafish 

proteins (Desvignes et al. 2009). While genes of the group II are well conserved 

among metazoans, genes of the group I underwent several independent 

duplications. In non-vertebrate metazoan species, the group I ancestor gene was 

independently duplicated in most lineages (Desvignes et al. 2010). In the 

vertebrate radiation, the number of group I genes is higher than in other 

metazoans and orthology relationships more difficult to analyze because of the 

successive whole genome duplication events that occurred early in the vertebrate 

radiation and in the teleost lineage (Postlethwait et al. 1998; Dehal and Boore 

2005; Desvignes et al. 2009). The most recently identified vertebrate-specific Nme 

gene, Nme10 also known as RP2, has a different evolutionary history and the 

corresponding amino acid sequence results from the fusion of a partial NDPk 

domain into a tubulin binding protein (Desvignes et al. 2009). In teleosts, 9 nme 

genes can be found (Fig. 1) with some species-specific differences such as 

additional copies due to additional whole genome duplication (i.e. in salmonids), 
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gene loss (e.g. nme2b in stickleback), or lineage-specific duplications (e.g. 

duplicated nme2b in zebrafish). 

A recently normalized gene nomenclature 

In order to study nme genes in teleost species, it is important to know precisely the 

identity of each gene and how a specific gene relates to homologs in other 

metazoan species. It is indeed important to know whether or not a specific gene 

has a clear (and possibly unique) ortholog in other species. In 2009, the scientific 

community stressed the need for a unified Nme gene nomenclature (Mehta and 

Orchard 2009). All Nme genes had previously been named without any 

consistency among species or within each species. In most cases, the name was 

only based on the name of the mammalian sequence showing the highest 

percentage of identity regardless of the evolutionary history of the genes. Because 

of high sequence identity shared by Nme genes in metazoans, this could greatly 

complicate interpretation of already published data or, in some cases, lead to 

misinterpretation. For instance, the zebrafish nme2b1 gene had been called NM23-

B (Lee and Lee 2000), NM23-Z1 (Bilitou et al. 2009) and NDPK B (Hippe et al. 

2009) while the zebrafish nme2b2 had been called NDK-Z2 (Masuda et al. 2009) 

and NDPK A (Hippe et al. 2009). Using NDPK A and NDPK B when referring to 

nme2b2 and nme2b1 zebrafish genes obviously leads the reader to consider a one-

to-one orthology relationship with mammalian NME1 (previously called NDPK 

A) and NME2 (previously called NDPK B). In fact, the evolutionary history of the 

vertebrate Nme gene family clearly demonstrated that the two mammalian genes 

NME1 and NME2 were co-orthologs of the three zebrafish genes nme2a, nme2b1 

and nme2b2 as the duplication events that gave rise to multiple genes in the 

tetrapod and the teleost radiations are independent (Desvignes et al. 2009) (Fig. 

2). Based on the evolutionary history analysis of the whole Nme gene family in 

metazoans (Desvignes et al. 2010) and vertebrates (Desvignes et al. 2009), a 

unified nomenclature was proposed . The proposed nomenclature is based on the 

official nomenclature in use in mammals, the official rules for gene nomenclature, 

and the evolutionary history of the gene family. All genes and proteins were thus 

named using the official prefix “Nme” referring to “Non-Metastatic cells, 

Expressed in” and numbered according to their orthology relationship with their 

mammalian orthologs. No indication concerning the species (e.g., “Z” for 
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zebrafish) was included in the gene name as recommended by international 

committees for gene nomenclature such as HUGO ( 2009), MGI ( 2012a) or ZFIN 

( 2012b) (Fig. 1). This nomenclature is now used by ZFIN. 

A growing interest for nme genes in fish 

Despite the known importance of NME genes in several human pathologies and 

their common use as clinical markers of tumor aggressiveness (Shoushtari et al. 

2011), their role in non-pathological physiological processes has, in contrast, 

received far less attention. Many researches are conducted in zebrafish with the 

objective of better understanding biological processes related to human diseases 

because of better shared organ architecture than drosophila or nematode worms 

and easier use in laboratory than are mice or rats (Ingham 2009). Furthermore, the 

Teleost Genome Duplication (TGD or 3R) has in some cases led to gene sub-

functionalization that can facilitate the analysis of a specific function. In some 

cases however this duplication event has led to gene neo-functionalization or loss 

that can make transfer of knowledge between species more problematic. As 

shown on Figure 2, independent duplication events have led to three nme2 genes 

in zebrafish and two in mammals. In this context, it is thus difficult to directly 

infer a specific function from zebrafish to humans. Nevertheless, several recent 

articles demonstrated an important role of nme genes in fish biology that might be 

beneficial for biomedical researchers to decipher the role of NME genes in human 

pathologies such as cardiomyopathy (Hippe et al. 2009; Hippe et al. 2011) or X-

Linked Retinitis Pigmentosa (Hurd et al. 2010; Shu et al. 2011; Patil et al. 2011).  

As indicated above, several transcriptomic and proteomic analyses led to the 

identification of Nme genes and proteins in various fish organs and tissues. For 

instance, the Ndpk activity has been used in several studies as an indicator of 

protein synthesis in fish muscle (Couture et al. 1998; Morbey et al. 2010). Indeed, 

expression survey of the whole gene family in zebrafish has revealed that one nme 

gene, nme2b2, was highly and predominantly expressed in muscle (Desvignes et 

al. 2009). Some other nme family members, known to be restricted to the testis in 

tetrapods, i.e. nme5 and nme8, are also specifically expressed in the testis of 

teleost fish (Desvignes et al. 2009).  
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Interestingly, several independent genomic studies conducted on various fish 

species identified various Nme transcripts and/or proteins as expressed in the 

oocyte or during early embryonic development (Murphy et al. 2000; Bai et al. 

2007; Crespel A et al. 2008; Ziv et al. 2008; Keyvanshokooh and Vaziri 2008; 

Hurd et al. 2010; Desvignes et al. 2011; Shu et al. 2011). However, the 

corresponding expression profiles or patterns were not investigated in these 

studies. In sea bass eggs (Dicentrarchus labrax), it was shown that a Nme2-

related protein was differentially expressed between low and good quality egg 

batches (Crespel A et al. 2008). This observation is of particular interest in the 

light of the existing literature concerning drosophila orthologous gene awd which 

is involved in oogenesis and embryonic wing development, as well as one 

mammalian co-orthologous genes that has been shown to be involved in 

embryonic stem cell differentiation by regulating c-myc expression (Postel et al. 

1993; Thakur et al. 2009; Zhu et al. 2009). Nme2-related protein might therefore 

be required for embryonic stem cell differentiation in fish early embryonic 

development. Another gene, nme3, known to be involved in neural development 

of the mouse (Amrein et al. 2005), was shown to be maternally-inherited in the 

mature oocyte / early embryo and also expressed in the developing neural system 

of zebrafish embryos (Desvignes et al. 2011). Similarly, nme6 - a group II nme 

gene - was reported as maternally-inherited but exhibited a sharp decrease at 

fertilization (Desvignes et al. 2011). The role of this maternal mRNA in early 

embryonic development remains however to be elucidated. Recently, two articles 

showed an expression of the nme10/RP2 gene in the fish oocyte (Hurd et al. 2010; 

Shu et al. 2011) but the expression level was not quantified and the role of the 

maternally inherited transcripts was not investigated. Nevertheless, these authors 

demonstrated a compulsory role of nme10/RP2 in zebrafish development as 

knock-down of the protein resulted in high developmental defects related to 

primary cilia troubles. 

Conclusion 

The Nme gene family is shared by all metazoan species and is involved in a wide 

variety of physiological processes. The strikingly conserved gene and protein 

sequence features that can be observed within the animal kingdom for some Nme 

genes suggest a participation in key biological processes that could play an 
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important role in fish, including during oocyte and embryo development. The 

recent development of a unified gene nomenclature sets grounds for in depth 

analysis of the Nme gene family in several physiological functions, including 

reproduction. 
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Legends 

Fig.1 Nme genes and proteins in teleost fish. Zebrafish Nme protein structure and 

size are given. Gene duplication events and tissular expression relate to public 

sequences analysis and available literature. 4R refers to the Salmonid-specific 

Genome Duplication. 

 

Fig.2 Schematic vertebrate Nme genes evolution. Adapted from Desvignes et al 

(2009). 1R and 3R whole genome duplication events that gave rise to duplicated 

genes are shown. Stars indicate cis-duplication events. 
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