
Introduction

The aspartoacylase gene (ASPA) encodes an en-

zyme that catalyzes the conversion of

N-acetyl_L-aspartic acid (NAA) to aspartate and

acetate. NAA is abundant in the brain, where hy-

drolysis by aspartoacylase is thought to help main-

tain white matter. The ASPA protein is an NAA

scavenger in other tissues. Mutations in the ASPA

gene cause Canavan disease (Janson et al. 2006;

Zeng et al. 2002; Hershfield et al. 2007).

The alpha-N-acetylgalactosaminidase gene

(NAGA) encodes the lysosomal enzyme that

cleaves alpha-N-acetylgalactosaminyl moieties

from glycoconjugates. Mutations in NAGA have

been identified as the cause of Schindler disease

types I and II (type II is also known as Kanzaki dis-

ease) (Chabás et al. 2007; Kanekura et al. 2005).

Hexosaminidase A (HEXA) is the alpha subunit

of the lysosomal enzyme beta-hexosaminidase.

This enzyme, together with cofactor GM2 activator

protein, catalyzes the degradation of ganglioside

GM2 and other molecules containing terminal

N-acetyl hexosamines. Beta-hexosaminidase is

composed of 2 subunits, alpha and beta, which are

encoded by separate genes. Both beta-hexo-

saminidase alpha and beta subunits are members of

family 20 of glycosyl hydrolases. Mutations in the

alpha or beta subunit genes lead to an accumulation

of GM2 ganglioside in neurons and neuro-

degenerative disorders termed the GM2 gang-

liosidoses. Alpha subunit gene mutations lead to

Tay-Sachs disease (GM2-gangliosidosis type I)

(Karpati et al. 2004; McGinniss et al. 2002).

As described above, these 3 genes are associ-

ated with 3 important mutation diseases of hu-

mans, and these diseases are all found also in mice

(Surendran et al. 2003; Herrmann et al. 1998;

Miklyaeva et al. 2004). Thus it is probable that

these inherited diseases also occur in pigs. If this is

true, it is essential to isolate the 3 genes from pigs,

because these diseases are highly related or poten-

tially related with porcine production. On the other

hand, if these diseases also occur in pigs, the pig
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would be another important model animal of hu-

mans to study these diseases. But the porcine

ASPA, NAGA, and HEXA genes have not been re-

ported so far.
We isolated the coding sequences of porcine
ASPA, NAGA, and HEXA genes on the basis of the
conserved sequences of human, mouse or other
mammals, and the highly homologous pig EST se-
quence. Subsequently, we performed some neces-
sary sequence analyses and tissue expression
profile analyses for these genes, in order to estab-
lish a foundation for understanding these 3 porcine
genes.

Materials and methods

Sample collection, RNA extraction, and

first-strand cDNA synthesis

Tissue samples of the liver, small intestine, large
intestine, lung, skeletal muscle, fat, spleen, and
kidney, were derived from three 120-day-old

Large White pigs. Total RNA extraction and
first-strand cDNA synthesis for these tissue sam-
ples were performed as described by Liu et al.
(2004).

Isolation of the porcine ASPA, NAGA, and

HEXA genes

The RT-PCR was performed to isolate these 3 por-

cine genes by using pooled cDNAs from the vari-

ous tissues above. The 25-�L reaction volume

included 2.0 �L of cDNA, 2.5 �L of 2 mM mixed

dNTPs, 2.5 �L of 10 × Taq DNA polymerase

buffer, 2.5 �L of 25 mM MgCl2, 2.0 �L of 10 �M

forward primer, 2.0 �L of 10 �M reverse primer,

2.0 units of Taq DNA polymerase (1 U 1 �L–1),

and 9.5 �L of sterile water.

The primers for porcine ASPA gene isolation

were designed on the basis of the conserved CDS

information from human, rat and mouse ASPA

genes and the highly homologous pig EST se-

quences from the GenBank database: DY431822,

EW296814, and EW295955. Similarly, the prim-

ers for porcine NAGA gene isolation were de-

signed on the basis of the conserved CDS

information from human, rat and mouse NAGA

genes and the highly homologous pig EST se-

quences from the GenBank database: CF366625,

EW447910, and BX921670. The primers for por-

cine HEXA gene isolation were designed on the

basis of the conserved CDS information from hu-

man and mouse HEXA genes and the highly ho-

mologous pig EST sequences from the GenBank

database: DB788391, BP172352, and DN123888.

These primer sequences and their annealing tem-

perature for the RT-PCR reaction are shown in Ta-

ble 1.

These PCR products for porcine ASPA,

NAGA, and HEXA cDNAs were then cloned into

the PMD18-T vector (TaKaRa, China) and se-

quenced bidirectionally with the commercial

fluorometric method. At least 5 independent

clones were sequenced for each gene.

Tissue expression profile analysis

RT-PCR for tissue expression profile analysis was
performed as previously described elsewhere (Liu
et al. 2007). We selected the housekeeping gene
G3PDH (glyceraldehyde-3-phosphate dehydr-
ogenase) as the internal control. The control
G3PDH primers were: forward 5’-ACCACA
GTCCATGCCATCAC-3’ and reverse 5’-TCCAC
CACCCTGTTGCTGTA-3’. The primers of por-
cine ASPA, NAGA, and HEXA genes that were
used to perform the RT-PCR for tissue expression
profile analysis were the same as the primers for
the isolation RT-PCR above. The PCR reactions
were optimized for a number of cycles, to ensure
product intensity within the linear phase of ampli-
fication. The 25-µL reaction volume included
1 µL of cDNA (100 ng µL–1), 5 pmol of each
oligonucleotide primer, 2.5 µL of 2 mM mixed
dNTPs, 2.5 µL of 10 × Taq DNA polymerase
buffer, 2.5 µL of 25 mM MgCl2, 1.0 units of Taq
DNA polymerase, and 15.5 µL of sterile water.

258 X. Shu et al.

Table 1. Primers for porcine ASPA, NAGA, and HEXA

isolation and annealing temperature (Ta).

Gene Primer sequence Ta (°C)

ASPA Forward: 5'-ATGACTTCTTGTCAAGTT-3'
Reverse: 5'-CTAATGCAAAGAGGAGTG-3'

53

NAGA Forward: 5'-ATGTTGCTGAAGACAGTGC-3
Reverse: 5'-TCACTGCGGGGGCGTCCCC-3

55

HEXA Forward: 5'-ATGGCAGCCTCCACGCTC-3'
Reverse: 5'-TCAGGTTTGTTCAAACTCCAC-3'

54



The PCR program initially started with denatur-
ation at 94oC for 4 min, followed by 25 cycles of
94oC for 1 min, Ta for 1 min, 72oC for 1 min, then
extension at 72oC for 10 min, and finally 4oC to
terminate the reaction.

Sequence analysis

The cDNA sequence prediction was conducted by

using GeneScan software (http://genes.mit.edu/

GENSCAN.html). Gene sequence was analyzed

with the Conserved Domain Architecture Re-

trieval Tool of BLAST (http://www.ncbi.nlm.

nih.gov/BLAST) and ClustalW software

(http://www.ebi.ac.uk/clustalw).

Results and discussion

RT-PCR results for porcine ASPA, NAGA, and

HEXA genes

Through RT-PCR with pooled tissue cDNAs for

porcine ASPA, NAGA, and HEXA, the resulting

PCR products were 942 bp, 1236 bp, and 1590 bp

(Figure 1).

Sequence analysis

The cDNA nucleotide sequence analyses revealed
that these genes were not homologous to any of the
known porcine genes, so they were then deposited
in the GenBank database (accession numbers:
EU442572 for HEXA, EU442573 for NAGA, and
EU442574 for ASPA). Sequence prediction
showed that the 942-bp, 1236-bp and 1590-bp
cDNA sequences represent 3 single genes, which
encode 313, 411, and 529 amino acids, respec-
tively. Finally these 3 novel porcine genes were
assigned GeneIDs 100142661, 100142664, and
100142667.

The putative proteins of these 3 genes were also
BLASTed and their conserved domains were iden-
tified as PRKO2259, Melibiase, and Glyco_hy-
dro_20 (Figure 2).

Further BLAST analysis of these coding se-
quences revealed that the porcine ASPA gene
shares high identity with the coding sequences of
ASPA from 6 species: cattle (94%), Bornean
orangutan (91%), crab-eating macaque (90%), hu-
man (90%), rat (85%), and mouse (87%). The por-
cine NAGA gene shares high identity with the
coding sequences of NAGA from 5 species: human
(88%), cattle (89%), mouse (83%), rat (83%), and
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Figure 1. RT-PCR results for porcine ASPA, NAGA, and HEXA. M = DL2000 DNA marker; 1 = PCR product for ASPA;

2 = PCR product for NAGA; 3 = PCR product for HEXA.

Figure 2. Putative domains of the proteins encoded by porcine ASPA, NAGA, and HEXA genes. (a) PRKO2259 domain of

ASPA; (b) Melibiase domain of NAGA; (c) Glyco_hydro_20 domain of HEXA



chicken (75%). The porcine HEXA gene shares
high identity with the coding sequences of HEXA
from 5 species: cattle (91%), human (86%),
Bornean orangutan (86%), rat (81%), and mouse
(82%).

Basing on the results of the BLAST analysis
for these coding sequences of ASPA, NAGA, and
HEXA, the phylogenetic trees were constructed by
using the Dendrogram procedure of ClustalW
software (http://align.genome.jp/), as shown in
Figures 3–5.

The phylogenetic tree analysis revealed that

the swine ASPA, NAGA, and HEXA all have close

genetic relationships with the ASPA, NAGA, and

HEXA of cattle.

Tissue expression profile

Tissue expression profile analysis was carried out

and results revealed that the swine ASPA gene was

highly expressed in the liver, muscle and kidney,

but moderately expressed in the small intestine,

weakly expressed in fat and the spleen, and hardly

expressed in the large intestine and lung.

The swine NAGA gene was highly expressed in the

liver, lung and spleen, moderately in fat, and

hardly expressed in the small intestine, large intes-

tine, muscle and kidney. The swine HEXA gene

was moderately expressed in the small intestine,

lung, muscle and fat, and hardly expressed in the

liver, large intestine, spleen and kidney (Figure 6).

Janson et al. (2006) reported that Canavan dis-

ease is associated with C914A (A305E) and

G212A (R71H) point mutations in the coding re-

gion of the ASPA gene. Besides this, many other

mutations in the coding region of the ASPA gene

were also found to be related to this kind of human

disease (Zeng et al. 2002; Hershfield et al. 2007).

To the NAGA gene, mutation p.D217N (c.649G>A)

in exon 6, mutation p.E325K (c.973G>A) in exon 8,

and mutations of R329Q and R329W, may have

roles in NAGA deficiency with cardiomyopathy

(Chabás et al. 2007; Kanekura et al. 2005). For the

HEXA gene, a substitution of cytosine 1351 by

guanosine (C1351G) and other mutations was also

reported to be associated with Tay-Sachs disease

(Karpati et al. 2004; McGinniss et al. 2002).

From BLAST analysis and phylogenetic tree

analysis of these coding sequences of ASPA,

NAGA, and HEXA, we found that swine ASPA,
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Figure 5. Phylogenetic tree for HEXA genes from

6 species

Figure 4. Phylogenetic tree for NAGA genes from

6 species

Figure 3. Phylogenetic tree for ASPA genes from

7 species

Figure 6. Tissue expression profile of swine ASPA,

NAGA, and HEXA genes



NAGA, and HEXA genes share higher identity and

have much closer genetic relationships with hu-

man than mouse genes. At least, this implied that

the pig will be a more suitable model animal to

study these 3 kinds of human mutation diseases at

the molecular level. In other words, theoretically,

the pig is also a kind of susceptive animal to these

diseases at the molecular level.

We also noticed that human and mouse ASPA,

NAGA, and HEXA genes are expressed in most or-

gans (http://www.ncbi.nlm.nih.gov/UniGene).

From the tissue distribution analysis in our experi-

ment, it can be seen that these genes were obvi-

ously differentially expressed in some tissues and

there was no expression in some tissues. As we

have not studied their functions or protein levels

yet, there might be many possible reasons for dif-

ferential expression of these 3 porcine genes.

A suitable explanation for this under current con-

ditions is that at the same time the biological activ-

ities related to the mRNA expression of these

genes were presented diversely in various tissues.

The mutations of these 3 human or mouse

genes at some loci are related to 3 kinds of impor-

tant inherited diseases, and the pig is also a pre-

sumably susceptible to these diseases, so detection

of mutations of these 3 porcine genes and reveal-

ing of the associations of these potential mutations

with the corresponding porcine diseases would be

more interesting and important to pig production.

Therefore, much more research based on this

foundation is needed.
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