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ABSTRACT

The low production of hypotaurine from cysteine but a significantly
high taurine deposition in common carp led to the hypothesis that this
species utilizes an alternative pathway other than the cysteine sulfinic acid
pathway. Cysteamine pathway is common in mammals but not in other
animals such as birds, invertebrates, and fishes. The cloned cysteamine
dioxygenase (ADO) ¢cDNA in common carp consists of 790 nucleotide bases
with 260 deduced amino acid sequence. The conserved domain is the
DUF1637 which has a conserved tyrosine and cysteine residues and the
presence of three predicted N-glycosylation sites. Phylogenetic analysis
using neighbor joint method indicated that ADO in common carp branched
after Sinocyclocheilus rhinocerous. ADO was expressed in hepatopancreas,
brain, gill, intestine, and muscle of common carp. The hepatopacreas had
a significantly higher gene expression level than the other organs examined.
The present results suggest that ADO is present in common carp.
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INTRODUCTION

There are three identified taurine synthesizing pathways namely
cysteine sulfinic acid, cysteamine and cysteic acid pathways (Griffith 1987;
Huxtable 1992; Stipanuk 2004) (Figure 1). Cysteine sulfinic acid pathway is
present in teleost such as rainbow trout Oncorhynchus mykiss (Yokoyama
and Nakazoe 1991). In this pathway, L-cysteine is oxidized by cysteine
dioxygenase (CDO), which generates cysteine sulfinate that is decarboxylated
by cysteine sulfinic acid decarboxylase (CSD) which converts cysteine
sulfinate to hypotaurine (Griffith 1987; Yokoyama et al. 2001; Goto et al.
2001a; Higuchi et al. 2012). The cysteamine pathway, on the other hand, is
said to be being utilized by chicken Galus galus (Kataoka et al. 1988). In this

The Palawan Scientist, 11: 17 - 28
© 2019, Western Philippines University

17


mailto:mojenagonzales@yahoo.com
https://doi.org/10.69721/TPS.J.2019.11.1.02

Gonzales-Plasus et al.: Cysteamine dioxygenase in common carp

pathway, the cysteine together with degraded co-enzyme A will form
cysteamine which acts as a substrate for cysteamine dioxygenase (ADO), ADO
will then convert cysteamine into hypotaurine, and further, oxidize
hypotaurine to taurine (Stipanuk and Ueki 2011). Recently, the enzyme ADO
was reported to be present in cobia Rachycentron canadum (Watson et al.
2015). The cysteic acid pathway which converts sulfate to cysteate and then to
taurine by means of cysteic acid decarboxylase (CAD) is being utilized by
microalgae and bacteria (Jacobsen and Smith 1968; Tevatia et al. 2015). The
CSD is thought to be the rate limiting enzyme in taurine production, and its
activity in freshwater fishes is higher than that of marine fishes (Goto et al.
2003). Most of the previous studies on taurine synthesis focused on cysteine
sulfinic pathway and less on cysteamine pathway.
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Figure 1. Metabolic pathways of Taurine modified from Griffith (1987).

Hepatic CSD expression was demonstrated in various teleosts such as
common carp, Japanese flounder Paralichthys olivaceus, Japanese seabass
Lateolabrax japonicus, rainbow trout Oncohrynchus mykiss, red sea bream
Pargus major, yellowtail Seriola quinqueradiata, barfin flounder Verasper
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moseri and zebrafish Danio rerio (Goto et al. 2001b; Chang et al. 2013; Haga
et al. 2015; Wang et al. 2015; 2016). The fact that the high amount of taurine
being deposited in common carp even if the CSD activity was low led to the
possibility that common carp utilizes another pathway than cysteine sulfinic
acid pathway for taurine production (Yokoyama et al. 2001).

Aside from production of taurine from cysteamine into hypotaurine
and then taurine, cysteamine also plays a role in maintaining the level of
cysteine to avoid cysteine toxicity. Both cysteine and cysteamine if present in
high amount could be toxic to fish and affect the growth. The ADO is not yet
molecularly characterized and its tissue distribution is still unknown. Hence
the objective of this study is to clone and characterize ADO gene from juvenile
common carp and analyze the tissue distribution and gene expression of ADO
present in their organs.

METHODS
Fish

The five fish having an average initial weight of 3.85 + 0.75 g were
stocked in a 60 L glass tanks. Hand feeding was conducted twice a day until
satiation. A recirculating system was utilized for the entire culture period with
water temperature ranging from 23.5 + 0.5 °C, and ammonia was monitored
daily.

Juvenile common carp was euthanized with an overdose of 2-
phenoxyethanol (Wako Pure Chemical Industries, Osaka, Japan) before
dissection and collection of organs. Hepatopancreas, brain, gills, intestine,
muscles, eye, heart, spleen, kidney and gallbladder were sampled from five
fish and tissues were preserved using 1000 ul RNA later (Ambion by life
technologies, CA, USA) in an Eppendorf tube and kept at -80°C until analysis.

RNA extraction and cDNA cloning

Total RNA was isolated from the liver using TRIzol following the
manufacturer’s protocol. Digestion of total RNA followed thereafter using
RNase-free DNase and cDNA was synthesized using the high capacity cDNA
reverse transcription kit (Applied Biosystems, CA, USA).

The PCR product was ligated using pGEM T-Easy Vector and cloned
using JM 109 competent cells (Promega Corp., Maddison, USA). The primer
sequence for RACE PCR was determined according to the subcloned sequence
and was amplified using Smart RACE Kit (Clontech Laboratories, Inc. Siga,
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Japan). RACE PCR conditions for ADO were as follows: initial denaturation
for five minutes at 95°c, 35 cycles of denaturation for 30 seconds at 95°c;
annealing for 30 seconds at 68°c; extension for 1 min at 72°, and final
denaturation for five minutes at 72°c. PCR products were sequenced using the
Big Dye Terminator Cycle Sequencing Kit version 3.1 (Applied Biosystems,
Tokyo, Japan).

Phylogenetic analysis

Sequences used for phylogenetic analysis were obtained from the
National Center for Biotechnology Information (NCBI). Alignment was done
using ClustalW (Larkin et al. 2007). Validation of speciation occurred on ADO
in teleost based on tree branching, an evolutionary distance of ADO genes
from other teleosts by branch lengths and the clades classification and its
boostrap value were analyzed by constructing a Phylogenetic tree using
neighbor joining method (Saitou and Nei 1987) with 1000 boostrap value.

Domain analysis of deduced amino acid sequence from juvenile
common carp for ADO gene was carried out using blast online software
(Altschul, et al., 1990). A total of twelve species of fish were used for domain
analysis (GeneBank accession number: Sinocyclocheilus rhinocerous
(XP_016399656), Danio rerio (NP_998358), Salmo salar (XP_014060776),
Esox lucius (XP_010868171), Lepisosteus oculatus (XP_006630446),
Pygocentrus nattereri (XP_017549864), Larimichthys crocea
(XP_010750130), Xiphophorus maculatus (XP_005806180), Lates
calcarifer (XP_018516308), Paralichthys olivaceus (XP_019969282),
Ictalurus punctatus (XP_017332680), Oreochromis niloticus
(XP_005473824) and Cyprinus carpio (MK035000)).

Gene expression and tissue distribution analysis

The cDNA was synthesized using the high capacity cDNA reverse
transcription kit (Applied Biosystems, CA, USA) and Thunderbird SYBR green
Q-PCR mix (Toyobo Co., LTD Life Science Department, Osaka, Japan) was
used for Q-PCR mix. Samples for Q-PCR were analyzed using the StepOne™
Real-Time PCR System (96 wells) (Thermo Fisher Scientific, Grand Island,
USA) following the standard/default run mode. Beta-actin for common carp
were used as an internal control and primers were designed against highly
conserved region. All primers used for gene expression analysis and cloning
were in Table 1. The condition of RT-PCR was as follows: initial denaturation
for five minutes at 95°c, 35 cycles of denaturation for 30 sec at 95°c; annealing
for 30 sec at 55°c; extension for 1 min at 72°c, and final denaturation for five
min at 72°c. While for Q-PCR for stage 1 was 1 min at 95°c: followed by stage
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2 for 40 cycles for 0.9 min at 95°c and 1 min at 60°c; and melt curve 15 sec at
95°c, 1 min at 60°c and 15 sec at 95°c.

Statistical analysis was performed using one-way ANOVA, normality
test was performed using Bartlett’s test and the difference among means was
analyzed using Tukey’s test (P<0.05).

Table 1. Primers used in molecular characterization and gene expression
analysis of ADO in Common carp Cyprinus carpio.

Primer Primer Sequence

RACE PCR Primers

ADOGSP 5 ATGATGCCACGAGACAACATGACTTCCAC
ADOGSP 3’ ATCTTCAAGTCCGCCGCTCTG

RT-PCR and Q-PCR Primers

B actin 5° GGACTCTGGTGATGGTGTCA

B actin g’ CTGTAGCCTCTCTCGGTCAG

ADO 5 ATGATGCCACGAGACAACATGACTTCCAC
ADO g ATCTTCAAGTCCGCCGCTCTG

RESULTS

Molecular characterization

Full length nucleotide sequences of ADO for common carp
(MKo035000) were 790 nucleotide bases with the deduced amino acid
sequence of 260 amino acids (Figure 2. The conserved domain found in the
sequence was the DUF1637, which has conserved tyrosine and cysteine
residues. In addition, there was also a presence of three predicted N-
glycosylation sites in ADO (Figure 2).

Alignment of deduced amino acid for ADO is shown in Figure 3, and
the conserved region was almost similar in all teleost. The ADO of bird
Lonchura striata domestica (XP_021391450.1) claded with that of mouse
Mus musculus (AAH58407.1), human Homo sapiens (NP_116193.2), and cat
Felis catus (XP_003994017.3) ADO sequence (Figure 3). The result of
phylogenetic analysis with respective bootstrap value is shown in Figure 4. The
ADO in teleost has two major clades one consist of four fish species belonging
to family Ictaluridae, Salmonidae and Cyprinidae (Ictalurus punctatus

The Palawan Scientist, 11: 17 - 28
© 2019, Western Philippines University

21




Gonzales-Plasus et al.: Cysteamine dioxygenase in common carp

(XP_017332680.1) (82%), Salmo salar (NP_001134267.1) (62%),
Sinocyclocheilus rhinocerous (XP_016399656.1) and Cyprinus carpio
(MKo035000) (100%) (Figure 4). While the other clade consists of five fish
species belonging to Poecilidae, Cichlidae, Sciaenidae, Paralichthyidae and
Carangidae (Poecilia reticulata (XP_017166122.1) (68%), Maylandia zebra
(XP_004570438.1) (68%), Larimichthys crocea (KKF18981.1) (74%), Seriola
dumerili  (XP_022621764.1)(82%), and  Paralichthys  olivaceus
(XP_019939118.1)(83%)) (Figure 4). The ADO of common carp had 100%
bootstrap value with Sinocyclocheilus rhinocerous (XP_016399656.1) (Figure

4).

attatgatgccacgagacaacatgacttccactgtccagaaaatcgecagacaggcececte
IMMPRDN*MTSTVQKIARQAL
acgacgttcagaaacccctcgettgtcggagaacactataaagtgtitttggaaaacctg
TTFRN*PSLVGEHYKVFLEN*L
agcaagctgaaaagcecttatggeggaggtcaaageggeggacttgaagatcgeaceeegg
SKLKSLMAEVKAADLKIAPR
agcaccgagagcegecccggggecgteteegegegteeceggeteecgttacatacatgeac
STESAPGPSPRVPAPVTYMH
atctacgagaccgacacgttcagcatggggggetttttattaaaaagggecgcettegata
IYETDTFSMGGFLLKRAASI
cceetgeeggttcatcegggaatgtacggeatgetgaaagtgatttacggecaaggtgega
PLPVHPGMYGMLKVIYGKVR
atcagctgtttcgacatgttggataaacctcgagacggtgecageggegtgecagttcage
ISCFDMLDKPRDGASGVQFS
ccteegcetctacceecttecggagceagctcetcetteegececteggggetgaggteggggggg
PPLYPFRSSSLPPSGLRSGG
gaatacacggaggagagceggcececgtgtgtgetgtcaccccaaaagaacaatatccaccag
EYTEESGPCVLSPQKNNIHQ
atagacgctgttgacggacccacggctttccttgacatcttatcaccgecgtatgatceg
IDAVDGPTAFLDILSPPYDP
gaagaagggagagactgccattataataaggttttgcatgeccattcagaggetgeagac
EEGRDCHYNKVLHAHSEAAD
agaaagagtgaagccagggaccccggtgacctgtggetegtggagatececcagecaggt
RKSEARDPGDLWLVEIPQPG
gatttctggtgtgggeggggoacctitcccagggectaaggtgeeectetggagggaccta
DFWCGGGPFPGPKVPLWRDL

ctttaaaatt

L-N

Figure 2. Nucleotide sequence and deduced amino acid sequence of ADO
cDNA in common carp Cyprinus carpio. The one with the asterisk (*) is the
predicted N-glycosylation sites in ADO (Genbank accession number:
MKo035000).
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Figure 4. Phylogenetic tree of ADO by the neighbor-joint method. GeneBank
accession no: Ictalurus punctatus (XP_017332680.1), Salmo salar
(NP_o001134267.1), Sinocyclocheilus rhinocerous (XP_016399656.1),
Poecilia reticulata (XP_017166122.1), Maylandia zebra (XP_004570438.1),
Larimichthys crocea (KKF18981.1), Paralichthys olivaceus
(XP_019939118.1), Seriola dumerili (XP_022621764.1), Lonchura striata
domestica (XP_021391450.1), Mus musculus (AAH58407.1), Homo sapiens
(NP_116193.2), Felis catus (XP_003994017.3), and Cyprinus carpio
(MKo035000).

Quantitative-PCR and tissue distribution

Hepatopancreas, brain, gills, intestine, muscles, eye, heart, spleen,
kidney, and gallbladder were the organ samples for q-PCR. All organ samples
had bands indicating that ADO is present in juvenile common carp (Figure 5).
The highest level of ADO being expressed was found in the hepatopancreas
followed by the brain (Figure 6).

M  Hep Br Gil Int Mus Eye Hrt Spl Kid GB
500bp ........

500bp
ADO

Figure 5. The result of RT-PCR using gel electrophoresis. M, marker; hep,
hepatopancreas; br, brain; Gil, gills; Int, intestine; Mus, muscles; Eye, eye; Hrt,
heart; Spl, spleen, Kid, kidney; and GB, gallbladder.
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Relative gene expression of ADO

Figure 6. Relative gene expression of ADO gene in different organs of juvenile
common carp. Samples were normalized using B-actin (n=5). (Graphs
represents mean + SD; values with the different superscript letters are
significantly different (P<0.05) (n=5) by Tukey’s test).

DISCUSSION

The presence of conserved tyrosine and cysteine in DUF1637 is
important for the structure of the ADO genes. Tyrosine has a tendency to form
hydrogen bonds with that of the mainchain within edge strands. While
cysteine is important in making hydrogen bonds with the mainchain NH
functions in the N-terminal regions of a-helices (Worth and Blundell 2010).
The N-linked glycosylation site that is present in common carp, on the other
hand, is responsible for the attachment of oligosaccharides to a nitrogen atom,
usually the N4 of asparagine residues (Marshall 1972). In addition, the N-
glycosylation occurs mainly on secreted or membrane bound proteins and
affects the solubility and stability of ADO.

The difference in methods used in detecting the presence and level of
cysteamine and the species of fish affects results of tissue distribution and
gene expression level of ADO. In the study conducted by Kataoka et al. (1988)
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utilizing the gas chromatography, ADO was present in brain, gills, and liver
but undetected in intestine and muscles of mackerel. The present study used
Q-PCR hence ADO was detected also in muscles and intestine and other
organs of common carp.

The ADO gene expression level was significantly high in the liver of
cobia Rachycentron canadum which was around 2% expression compared to
reference gene beta-actin for each diet (% taurine) (Watson et al. 2015). This
support our result that ADO was also high in hepatopancreas of common carp.

We still yet to prove if ADO is an important enzyme/ gene for taurine
production in common carp. The future application of this study begin once
proven that ADO is a significant enzyme for taurine production. By cloning
this gene and performing transgenesis to other fish to improve taurine
production we could increase the ability of fish to utilize plant base protein
hence utilization of fishmeal for feed production could be reduced.

Since this study is a basic study on the taurine synthesizing enzymes in
juvenile common carp, in-depth study on the physiological and nutritional
function of ADO on common carp should be conducted to further understand
the taurine production and the role of taurine synthesizing enzymes in
common carp.
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