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Cytochrome C Oxidase Subunit-1(COX1) Gene in Tilapia
(Oreochromis Niloticus): its Cloning and Characterization
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Abstract The current study aimed to identify cytochrome c¢ oxidase subunit 1 (ONCOX]1) in Tilapia (Oreochromis
niloticus) immunized by formalin-killed Flavobacterium columnarae. Suppressive subtractive hybridization (SSH) was
utilized to construct a cDNA library and a semi-quantitative RT-PCR analysis used to examine Oreochromis niloticus cy-
tochrome ¢ oxidase subunit 1 (COX1) gene expression. The complete sequence of the COX1 has been deposited in the
GenBank Database and assigned the accession number (GE647880). COX1 ¢cDNA is composed of 1139 bps with a 1107 bps
open reading frame, the predicted gene product is 369 amino acid with molecular weight of 40.16 kDa. The amino acid
sequence revealed high identity with subunit 1 from Oreochromis mossambicus. Compared to B-actin, the semi-quantitative
RT-PCR revealed that ONCOX1 expressed in tissues of stimulated fish as up-regulated gene suggesting that this member of

COX genes is probably involved in the general immune response against the pathogenic bacteria.
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1. Introduction

Cytochrome c is a small, highly conserved, heme- con-
taining bifunctional protein; it has been studied extensively,
not only for its role in electron transport, but also for its role
in apoptosis, it releases from the mitochondria in response to
specific apoptotic stimuli (Wang X., 2001). Cytochrome c
oxidase (COX) is an oligomeric enzymatic complex located
in the inner membrane of mitochondria which is consists of
three large primarily catalytic subunits encoded by the mi-
tochondrial genome and 10 smaller subunits encoded by
nuclear genes .The nuclear encoded subunits are thought to
modulate enzyme function. In vertebrates, COX is composed
of 13-subunits, and a further 30 proteins are required for
proper COX assembly (Ettickan et al, 2004). In eukaryotes
this enzyme complex is located in the mitochondrial inner
membrane. It is considered to be a major site of regulation of
mitochondrial oxidative phosphorylation. This rate-limiting
enzyme is also implicated in the production of reactive
oxygen species (ROS) under oxidative stress conditions (Lee
et al, 2001, 2003 and Vijayasarthy ef al., 2003). COXI en-
codes an important enzyme involved in the oxidation phos-
phorylation pathway and thus energy production. In an at-
tempt to characterize differential gene expression during
cDNA library construction from tilapia immunized by F.
columnarae, we could recognize ONCOX1 as up-regulated
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gene. The specific hypothesis for this study is that gene
characterization and detectable changes in gene expression
directed by certain pathobiological conditions may identify
genetic information that are important for understanding the
host-pathogen relationship and host immune responses., thus
in this paper we summarize the identification of a cyto-
chrome ¢ oxidase subunit 1 gene utilizing available protein
structure prediction methods based on the predicted protein
sequence. The sequence we have identified and its predicted
corresponding structure is the first functional annotation for
this family of proteins in O.niloticus.

2. Material and Methods

Tissue preparation and RNA extraction

Oreochromis niloticus 12 individuals were obtained from
Wuhan, China. The fish were held in the laboratory, accli-
matized in recirculating freshwater tank at room temperature
under natural photoperiod for a week and fed with commer-
cial pellets at a daily ration of 3% of their body weight. They
were devided into two groups, the first were stimulated for
four days each with intraperitonial injection 0f0.5 ml 10’
formalin killed Flavobacterium columnarae, the other group
were injected with PBS and used as a control. Two
F.colmnarae injected tilapia, 24.5 cm and 27 cm in fork
length were dissected, gills, liver; spleen, head kidney and
intestine were dissected out for the construction of the in-
fected group subtracted cDNA library. One control (PBS
injected fish) 23.7 cm in fork length was used also for the
subtracted library with the mentioned organs dissected out.
Total RNA was prepared for RT-PCR using Trizol Reagent
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(Invetrogen, USA). The mRNA was then isolated from total
RNA using the poly Atract Isolation System (Promega).
Concentration of mRNA was determined using a spectro-
photometer.

SMART cDNA synthesis and Suppressive subtraction
hybridization (SSH)

Complimentary DNA was synthesized andamplified using
a CLONTECH cDNA Synthesis Kit by following the the
manufacure's instruction. The mRNA obtained from tester
and driver samples was subjected to SSH and selective PCR
amplification using PCR-select cDNA subtraction kit to
construct a cDNA library.

Cloning and screening for differential expression by dot
blotting and sequence analysis

secondary PCRs products of stimulated and unstimulatd
directly inserted into pPGEM-T using a pGEM-T Easy Vector
System ( Promega), which was then transformed into Es-
cherichia coli and screened by the white colonies which were
selected and amplified with nested PCR primer
1(5’-TCGAGCGGCCGCCCGGGCAGGT-3") and nested
PCR primer 2(5’- AGGGTGGTCGCGGCCGAGGT-3’). 3
pl of PCR product were denatured in 3 ml of 0.5 M NaOH.
Two identical H-bond N* nylon membranes were prepared
by loading 1 pl of denatured PCR product of each clone on
the same location, after 5 min. neutralization in 0.5 M
Tris-Hcl (pH7.5), the membranes were baked for 30 min at
120 °C to cross link the cDNAs.

Forward-subtracted cDNAs were digested with Rsal and
labeled as probes with digoxigenin using a DIG High Prime
system (Boehringer Mannheim) by following the manufac-
ture’s instruction. Positive clones were sequenced using
dedoxy chain sequencer (ABI Applied Biosystems Model
337).

Sequence and phylogenetic analysis

Sequences were compared with the sequences in the da-
tabase using the BLASTX program at the web server of the
National biotechnology information. Protein prediction was
performed using software at the ExXPASY Molecular Biology
Sever (http/expasy.pku.edu.cn) and SAPS program (Statis-
tical Analysis of Protein Sequences). Sequences were
aligned, employing the distance matrix; a distance-joining
tree was constructed and a Phylogenetic analysis was carried
out for the deduced amino acid sequences of cytochrome c
oxidase subunit 1(COX1) using Clustal W version
1.83(Thompson et al. 1994), Sequence database alignments
and comparisons were done with the BLAST family of pro-
grams (blastx,) against database specifications of
non-redundant protein, SWISS-PROT which were available
from the BLAST website at the National Center for Bio-
technology Information webserver, (http://www.ncbi.nlm.
nih. gov/ blast/) (Altschul ez al. 1997). A signal peptide was
predicted using Signal P 3.0 and analysis for transmembrane
helices was applied using SOSUI dumbbell server.

Semi - quantitative RT - PCR for tissue expression of
COxX1

Total RNA from different mixed tissues was treated with
DNase, 2 pg RNA was reverse transcribed with M-MLV
reverse transcriptase using hexanucleotides (Promega) to
prim the reaction. The first strand cDNA was used as tem-
plates for RT-PCR with a pair of COXI specific primers
designed, forward 5’- TTGGACACCCTGAAGT-3" and
reverse: 5° GTGGCGGAAGTAAAGT3’.

The PCR cycling parameters were one cycle of 94°C for 5
min, 35 cycles of 94°C for 30 s, 48°C for 30 s and 72°C for 1
min, with a final extenssion step of 72°C for 10 min. The
RT-PCR products were analyzed by electrophoresis on 2%
agarose gel with PCR products derived from beta actin of the
infected and non infected tilapia as controls, documented
with documentation system. Semi-quantitative assessment of
mRNA levels were determined by quantifying the band's
intensity of PCR products using GeneTools in the gene ex-
pression relative to beta actin were tested between infected
and uninfected fish using t-test.

3. Results

Isolation of differentially expressed clones

The comparison of pooled RNA samples from Oreo-
chromis niloticus immunized by Flavobacterium columna-
rae against unimmunized healthy Oreochromis niloticus
yielded multiple differentially expressed clones; some were
suggested as up-regulated genes in the process of immuni-
zation as revealed by dot blot analysis and RT-PCR.

Characterization of cDNA sequence of ONCOX1

The complete sequence of the COX1 has been deposited
in the GenBank Database (http://www.ncbi.nlm.nih.gov/
Genbank/) and was assigned the GenBank nucleotide ac-
cession number (GE647880). Blast queries of the sequenced
nucleotides of COX1 demonstrated that the deduced amino
acid sequence contains 1139 nucleotide bps with 1107 bps
open reading frame coding for a protein of 369 aa and mo-
lecular weight 40.16 kda (Fig. 1).

1 TTASAKLACL QVDDRGRGRG THAGPSVDLT IFSLHLAGVS SILGAINFIT TIINMKPPAIL
61 SQYQTPLFVW SVLITAVLLL LSLEVLAAGI TILLTDRNLN TTFFDPAGGG DPILYQHLFF

121 FGHEEVYILI LPGFGIISHI VAYYAGKKEP FGYMGMVWAM MAIGLLGFIV AHEMFTVGMD
181 VDTRAYFTSA TIIIAIPTGV KVFSLATLHG GAIKETPLLA LGFIFLFTVG GLTGIVLANS
241 SLDIMLHDTY YVVAHFHYVL SIGAVFAIVA GEVHFPLFSG YTLHDTTKIH FGVMFIGVNL
301 TFFPHISWDW QECFVGTCPA AARNLRIPGY RARSYHGSKL FSGNGYPLTN SHQTLQTRKH
361 KGTWGEYIA

Figure 1. Deduced amino acid sequences of ONCOX1

Protein structure prediction

Through search of available sequence databases showed
that the putative ONCOX1 sequence is homologous to other
known cytochrome ¢ oxidases with varying levels of se-
quence identity and high similarity with Oreochromis mos-
sambicus (accession no.YP 272017) and also to human
(accession n0.BAA07292) and several vertebrates COX1. A
signal peptide was predicted using Signal P 3.0, deduced
amino acids analysis confirmed that this sequence has no
signal peptide, the signal peptide probability=0.026, signal
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anchor probability: 0.126 and the max cleavage site prob-
ability: 0.017 between bps 44 and 45. Average of hydro-
phobicity = 0.582114. The revealed isoelectric point (pI) of
ONCOX1=9.51.

Multiple methods of transmembrane prediction were used
to enable a consensus confirmation of predicted transmem-
brane helices. The TM region search for ONCOX1 by SO-
SUI analysis program beta version suggests that ONCOX1 is
a membrane protein with 8 transmembrane helices(TM).
Transmembrane helices were found in the positions
29-53,72-95, 126-145, 152-171, 192-211, 218-237, 258-282
and 289-306 as showed in table 1.

Alignment analysis and phylogenetic tree construction

A Basic Genebee ClustalW 1.83 was performed on a va-
riety of Cox1 genes from Engraulis japonicas, Pylodictis
olivaris; Homo sapiens;, Mus musculus;, Oreochromis mos-
sambicus and Oreochromis niloticus (accession nos.
NP 203729; AAL91550; BAA07292; CAD54434; YP_
272017 and GE647880 respectively). Fig.1. Oreochromis
niloticus shares an overall identity of 89.2 - 99% with other
known vertebrates. Using the Clustal W and the GeneBee
programs, a phylogenetic tree was generated (Fig.2, 3).

Expression of HSP9 in Oreochromis niloticus

ONCOX1 expression studied by RT-PCR in mixed tissues
from infected and uninfected control fish was detected only
in the infected tilapia (Fig.4).

4. Discussion

Suppression subtractive hybridization (SSH) has led to the
enrichment of specific expression genes as the non-specific
expression of beta actin was reduced to about 2'° time lower
after subtraction, suggesting that non-specific expressed
genes have been avoided and immunization- specific genes
have been enriched efficiently in this study. The identifica-
tion of new genes involved in the bacterial immunization
provides the foundation for further research on the immu-
noilogical interaction between host and the bacteria, In this
study, cDNA library construction in case of O. niloticus
immunized by F. columnarae introduced some new immune
genes, one of them was ONCOX1.

dynamic change in an environment, disease hazards and
the host-pathogen relationship provided signals for identi-
fying differentially expressed genes which may play an im-

portant role in the immune system responses. During con-
struction of cDNA library from O. niloticus immunized by F.
columnarae, we could identify and characterize cytochrome
c oxidase subunit 1 gene as up-regulated gene.

ONCOX1 sequence was found to be homologous to other
known cytochrome c¢ oxidases with varying levels of se-
quence identity and high similarity with Oreochromis mos-
sambicus (accession no.YP 272017) and also to human
(accession n0.BAA07292) and several vertebrates COX1, it
appears to have structural features similar to the largest
subunit of the heme/copper-requiring cytochrome c.

The prediction of O-GalNAc (mucin-type) for glycosyla-
tion sites in ONCOX1 proteins indicated the absence of any
glycosylation sites. Multiple methods of transmembrane
prediction were used to enable a consensus confirmation of
predicted transmembrane helices. The TM region search for
ONCOX1 by SOSUI analysis program beta version suggests
that ONCOXI1 is a membrane protein with 8 transmembrane
helices(TM). Transmembrane helices were found in the
positions 29-53,72-95, 126-145, 152-171, 192-211, 218-237,
258-282 and 289-306 as showed in table 1. The objective of
this TM search step was to identify and map out regions of
transmembrane helices to confirm our sequence database
based hypothesis of the putative sequence being identified as
a cytochrome c¢ oxidase subunit I. Cythochrome ¢ oxidases
are known to have these transmembrane regions and the
identification of these regions served as a confirmatory step
in gauging the validity of the predicted structure (Mohamed
et al., 2003). The observation from the transmembrane pre-
diction step is consistent with the subunit I of most other
haem copper oxidases and acts as confirmatory data for
correctness of the protein fold generated by the analysis
program.

A final taxonomic system for the animal kingdom will
probably include at least 10 million species partitioned
among more than a million genera (Paul et al., 2003). Given
such high diversity, there is a growing realization that it is
critical to seek technological assistance for its initial de-
scription and its subsequent recognition (Godfray 2002;
Blaxter 2003). Recent investigations have suggested the
feasibility of creating identification systems reliant on the
analysis of sequence diversity in small segments of DNA
(Tautz et al. 2003). Hebert et al. (2003) focused this discus-
sion by proposing that a DNA barcoding system for animal
life could be based upon sequence diversity in cytochrome ¢

Table 1. Analysis of COX1 transmembrane amino acid sequence (SOSUI dumbbell server)
No. N terminal transmembrane region C terminal type length
1 31 IFSLHLAGVSSILGAINFITTII 53 Secondary 23
2 73 LITAVLLLLSLPVLAAGITILLT 95 Primary 23
3 126 VYILILPGFGIISHIVAYYAG 146 Primary 21
4 153 YMGMVWAMMAIGLLGFIVAHHMF 175 Primary 23
5 188 TSATIHIAIPTGVKVFSLATLHG 210 Secondary 23
6 219 LALGFIFLFTVGGLTGIVLANSS 241 Primary 23
7 257 HYVLSIGAVFAIVAGFVHFPLFS 279 Primary 23
8 286 TTKIHFGVMFIGVNLTFFPHISW 308 Secondary 23
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Energgs  MAITRWEFSTNEKDIGTLYLIFGAWAGMVGTALSLLIRAFL SQPGALLGDDQIYNVIVTA
Pypdis  MITRWEFSINEKDIGILYLVEGAWAGMVGTALSLLIRAEL AQPGALLGDDQIYNVIVIA
Hormo MEADRWLFSTNHKDIGTLYLL FGAWAGVLGTAL SLLIRAEL GQPGNLLGNDHIYNVIVTA
Ms MFINRWLFSTNHRDIGTLYLL FGAWAGMVGTALSILIRAFLGQPGALLGDDQIYNVIVTA
Omochomis  MAITRWFFSTNHKDIGTLYLVFGAWAG)MVGTALSLLIRAEL SQPGSLLGDDQIYNVIVTA
Engii  HAFVMIFEMVMPILIGGFGNWLVELMLGAPDMAFPRADNNASFWLLPPSFLLILASSGVEA
Pypdis  HAFVAIFEMVMPIMIGGFGNWLVPLMIGAPDMAFPRADNVMSFWLLPPSFLLLLASSGVEA
Homo HAFVMIFFAVMPIMIGGFGNWLVPLMIGAPDMAFPRMNNMSFWLLRPSL LLLLASAMVEA
Mg HAFVMIFEMVMENMIGGEGNWLVPLMIGAPDMAFPRANNMSFWLLPPSFLLLT ASSMVEA
Omochomis  HAFVMIFFAVMPIVIGGFGNWLVPLMIGAPDMAFPRANNMSFWLLPPSFLILLASSGVEA
nisilepia ASAKLACLQVD DR

Engglii  GAGTGWIVYPPLAGNLAHAGASVDLTIFSLHLAGISSILGAINFITTIINMKPPAISQYQ
Pypdigi  GAGIGWIVYPPLAGNLAHAGASVDLTIFSLHLAGVSSILGAINFITTIINVKPRAISQYQ
Homo GAGTGWTVYPPLAGNYSHPGASVDLTIFSLHLAGVSSILGAINFITIINVKPPAMTQYQ
Ms GAGTGWIVYPPLAGNL AHAGASVDLTIFSLHLAGVSSILGAINFITTIINMEPPANTQYQ
Orocwomis  GAGTGWIVYPPLAGNLAHAGPSVDLTIFSLELAGVSSILGAINFITTINVEFPAISQYQ
pigles  GRORG--oom THAGPSVDLTIFSLHLAGVSSILGAINFITTINMKPPAISQYQ

grgs  TPLFVWAVLITAVLLLLSLPVLAAGITMLLTDRNLNTTFEDPAGCGDPILY QELFWEF GH
Pypdis  TPLFVWAGLITAVLLLISIPVLAAGITMLLTDRNLNTTEFDPAGGGDPILYQHLFWEFGT
Horto TPLEVWSVLITAVLLLL SLPVLAAGITMLLTDRNLNTTEFDPAGGGDPILYQHLSWEFGH
Ms TPLFVWSVLITAVLLLLSLPVLAAGITML LTDRNLNT TFEDPAGGGDPBILY QHLEWFF GH
Omocyomis  TPLEVIVSVLITAVLLLLSIPVLAAGITVLLTDRNINTIFFDPAGGGDPILY GHLFWEFGH
pigilenia  TPLEVWSVLITAVLLLLSLPVLAAGITILLTDRNLNTIFFDPAGGGDPILYQHLF-FFCH
Engglis  PEVYILILPGFGMISHIVAYYAGKKEPFGYMGMVWAVMAIGLLGFIVWAHEMFTVGMDVD
Ppdis  QSMELILPGFGMISHIVATYAGKKEPFGYMEMVIAMMAIGLLGFIVWARMETVGADVD
Homo PEVYILILPGFGMISHIVY VS GRREPFGYMMVIAAMSIGFLGFIVWARHME TVGVDVD
M PEVYILILPGFGIISHVVTYYSGRREPFGTMGMVWAMMSIGFLGFIVWAHRMETVGLDVD
Omechomis  PEVYILILPGFGMISHIVAYVAGKKEPFGTMOMVWAMMAIGLLGFIVIWAHEMFTVGADVD
pisies  PEVVILILPGFGISHIVAYYAGKKEPEGYMGMVIAMMAIGLLGFIV-AHEMETVGADVD
Engeauli TRAVFTS ATMITATPTGVEVESWLATL HGGATKWE TPMLWAL GFIFLFTVGGLIGIVLAN
Ppdics  TRAVFISATMIIAIPTGVKVFSWLATLHGGSIKWE TPLLWAL GFIFLFTVGGLIGIVLAN
Homo TRAVFTSATMIIATPTGVEVES WLATHGSNMKWS AAVLWAL GFIFLETVGGLIGIVLAN
Mas TRAVFTS ATMITATPTGVEVESWLATLHGGNIKWSPAMLWALGFIFLETVGGLICIVLSN
Oreoshwomis  TRAVFTSATMIIAIPTGVEVESWLATLHGGAIKWETPLLWAL GFIFLFTVGGLTGIVLAN
Ggima  TRAVFISATITAIPTGVKVES-LATLHGGAIKET?- 1L ALGFIFLFTVGGLIGIVLAN
Engrauli $SLDIVLHDTYYVVARFEYVLSMGAVFAVAGFVEWEPLE TGV TLHS TWTKIEFGVMEVG
Pypdics  SSLDIVLEDTYVVVAREHYVLSMGAVEAIMGAFVEWFPLETGYTMEDTWIKIEFGTAEVG
Homo SSLDIVLHDTY YVVARFHYVLSMGAVFATMGGFHWEPLFSGYTLDQTVAKIHFAIMFIG
Mas SSLDIVLHDTYYVVARFHYVLSMGAVEAT AGE VHWEPLES G TLDDTWAKARFAINEVG
Owocwomis  SSLDIMLEDTYYVVAHFHYVLSMGAVFAIVAGFVEWFPLFSGYTLHDTWIRIHFGVAEVG
Erlai  SSLDIMLHDTYYVVAHFHYVISIGAVFAIVAGEVE-FRLESGYTLHDT-TRIEFGVAFIG
Epggils  VNLTFERQHFLGLAGMPRRYSDYPDAVT-LWNTVSSIGSLISLVAVIMFLEIIWEAFAA
Pypdicts  VNLTEEPQHFLGLAGMPRREYSDYPDAYS-LRNTISSIGSIVSLVAV AL YILWEAF TA
Homo VNLTFFPQHFLGLSGMPRRYSDYPDAYT-TWNILSSVESFISLIAVALMIFMIWE AFAS
Mg VNMIFFPQHELGLSGMPRRY SDYPDAYT-TWNTVSSMGSFISLTAVLIVIEMIWEAFAS
Oheosomis  VNLTFFPQHELGLAGVPRRYFRLERRLHPLKHNLE YWLNNENSQRGIMCEIVVIERHLEL
pigtlma  VNLTEEPHISWoreerem DWQECFVG - TCPAAARNL RIPGYRARS THGSKLFSG
Engals  KREVASVELTITNVEWLHGCPPPYHTEEEPAFVQVE--rrrmvnr

Pypdis  KREVLSVELTSTNVEWLHGCPPPYHTFEEPAFVQVRTN .

Homo KRKVL)MVEEPS\NLEWLYGCPRRYHIFEEPVYMES v

Mas KREVMSVSVASTNLE WL GCPPPYHTFEED TYVEVE errreeer e

Owoswomis  NEKVLSVELTATNVEWLHGCPPPYHIFEEPAFVQVQQAWLDYGRSATTPSKS
et NGYPLINSHQTLQTRKHKGTWGRYIA oo

Figure 2. The alignment of COX1 deduced amino acid sequences of from
Engraulis japonicas; Pylodictis olivaris; Homo sapiens; Mus musculus;
Oreochromis mossambicus and Oreochromis niloticus (accession nos.
NP_203729; AAL91550; BAA07292; CAD54434; YP_272017 and GE647
880 respectively). Identical amino acids are indicated with an asterisk,
similar amino acids are shaded. Dashes are gaps generated by alignment
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Figure 3. phylogenetic distance tree showing the relationship among the
COX1 from different vertebrates

1 2 3

Figure 4. Tissue specific expression revealed by RT-PCR in Oreochromis
niloticus; 1=Pactin 2=immunized fish, 3= unimmunized fish

Paul et al., 2003 in their study on COXI1 divergences
among closely related species indicated that an identification
system for animal life based on the COI gene will be highly
effective, although COXI divergences appear too low to
regularly enable species diagnosis within the cnidarians,
generic-level identifications in these organisms remain a
prospect, as their study has established that species-level
identifications are ordinarily achieved, COI analysis actually
provides a taxonomic system that is chasing the last digit of
animal diversity.

The mRNA expression of mixed tissues of F. columnare -
immunized O. niloticus indicated that the COX1 enzyme
coding gene was highly expressed in the immunized in con-
trast to unimmunized fish, thus it is suggested to be included
in the immune response against F. columnare.

Cytochrome ¢, which is a component of the mitochondrial
electron transfer chain releases from the mitochondria in
response to specific apoptotic stimuli (Wang X., 2001). It is
initiates caspase activation when released from mitochondria
during apoptosis (Liu ef al.1996), Skulachev V.P.(1998) in
his study on apoptosis has revealed that cytochrome c is a
pro-apoptotic factor. It is released from its places on the
outer surface of the inner mitochondrial membrane at early
steps of apoptosis and, combining with some cytosolic pro-
teins, activates conversion of the latent apoptosis-promoting
protease pro-caspase-9 to its active form. Thus from this
investigation, it is suggested that COX1 may be included in
the immune response against bacterial infection, the higher
level of expression may also imply its role as an apoptotic
inducer.

5. Conclusions

It could be concluded that killed F. columnarae did
stimulate the immune response in the host fish, tilapia, some
immune genes could be identified and characterized, one of
these genes is COX1, which may have a role and included in
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the immune response to bacterial infection, thus the present
study provides some information for further research on the
structure of COX1 gene as an immune gene in relation to
bacterial infection.
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