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ABSTRACT 

 Lates calcarifer is one of the major aquaculture species that is widely distributed 

throughout south-east Asia to Arabian gulf region. The development of L. calcarifer industry 

is affected by serious diseases that cause substantial annual losses worldwide. The L. 

calcarifer SAA consists of 415 base pair encodes for 122 amino acids with a putative signal 

peptide of 18 amino acids. A multiple sequence alignment showed that L. calcarifer SAA 

having highest identity (60-71%) to other previously published fish sequences, and high 

similarity to mammalian SAAs. A phylogenetic trees showed that L. calcarifer sequence is 

closely related to available fish SAA sequences. The purified protein was tested for 

antioxidant activity. The rSAA protein (100 µg/mL) exhibited highest activity (4.21 ± 0.0078 

mM) in total antioxidant status test. In the dipheny staining, rSAA appeared as a white spot 

when the concentration was diluted to 25 mg rSAA /mL. Meanwhile,  the rSAA was able to 

chelating Fe2+ and scavenging hydroxyl radicals. Our in silico analysis revealed that  L. 

calcarifer SAA is functionally similar to other vertebrates studied. The rSAA exhibit  a 

significant in vitro antioxidant activity. It was suggested that rSAA may act as a potential 

antioxidant drug for reactive oxygen species-associated diseases.  

 

KEYWORDS: Acute Phase Protein,  Lates Calcarifer, Serum Amyloid A, Protein 

Expression, Phylogenetic Analysis, Antioxidant Activity, Free Radicals. 

 

INTRODUCTION 

The Asian seabass (Lates calcarifer) is a commercial aquaculture species that is widely 

distributed throughout south-east Asia to Arabian gulf region including Malaysia and Iraq, 

respectively. In Malaysia, the growth rate of aquaculture production has increased about 10% 

annually since 2005 (FAO 2010) and it continues to experience rapid growth. Aquaculture is 

a major challenge to the Arab states including Iraq, and currently seabass start farming in this 

country in addition to Barbus spp. and Carp spp. (Feidi 2010). The development of 

aquaculture is plagued with disease problems resulting from infectious diseases caused by 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 11, December 2013 

 

566 
www.jiarm.com 

bacteria, viruses, protozoa, and fungi (Third National Agricultural Policy 2008). Researches 

on disease prevention and control are given priority due to the importance of aquaculture 

which provides an alternative source of fish supply (Wang and Wu 2007). Moreover, 

increasing in fish diseases lead to increase in economic and ecological interest by the study of 

immune related genes in marine and freshwater animals. The acquired response is 

characterized by the immune response system that is capable of specifically recognizing and 

selectively eliminating foreign microorganisms and molecules (Kuby 1994). The innate 

response is non-specific response of the body to immunological stress preceding the specific 

immune reaction. The acute-phase response (APR) is a major physiological reaction of the 

living organism to inflammatory stimuli or tissue injury (Gordon and Koy 1985). At the site 

of invasion by a microorganism, a number of tissue responses are initiated. Within a few 

hours after infection, the pattern of protein synthesis by the liver is dramatically altered, 

resulting in the increase production of some plasma proteins; namely the negative and 

positive acute-phase proteins (APP) (Blackburn 1985; Dinarello 1983). The serum 

concentration of positive APPs such as serum amyloid A (SAA), C-reactive protein (CRP), 

and hepatoglubins (Hp), are highly released by the hepatocytes after cytokine stimulation 

(Heinrich et al. 1998). The Serum amyloid A (SAA) is a family of proteins that comprises 

acute-phase and constitutive members, both are synthesizing in the liver (hepatic synthesis) 

under pro-inflammatory conditions. Constitutive SAA (C-SAA) has been identified only in 

human and mouse, while acute-phase SAA (A-SAA) is found in all the vertebrates 

investigated (Uhlar and Whitehead 1999).  

Multiple SAA genes have been described for several mammalian species, including human, 

mouse, hamster, rabbit, dog, mink, cow, sheep and horse (Chen et al. 2011). Serum amyloid 

A genes and proteins were highly conserved and maintained through the evolution of 

eutherian mammals (Uhlar et al. 1994), and extend to other vertebrates, including marsupials 

(Uhlar et al. 1996) and fish (Jensen et al. 1997). 

In teleost fishes, studies on SAA that have been carried out in salmonids (Salmo salar L.) 

(Jorgensen et al. 2000), rainbow trout (Oncorhynchus mykiss Walbaum) (Goetz et al. 2004), 

carp (Cyprinus carpio L.) (Gonzalez et al. 2007) and zebrafish (Danio rerio) (Lin et al. 2007) 

reveal A-SAA transcription in various tissues such as gills, liver and skin. Unlike mammals, 

in which A-SAA is found bound to the HDL3 fraction in blood plasma, SAA has not been 

detected in fish plasma (Chunyan 1999). One hypothesis for this observation would be the 

extremely fast clearance rate for this protein from the serum (Villarroel et al. 2008). Since 
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SAA is highly expressed during an APR, this protein is likely to play an important role in the 

immune response of the fish during disease or injury (Zheng et al. 2013). Thus, the structure 

and function of this protein in fish should be investigated further in order to better understand 

the biological function of SAA in this species.  

Several functions for SAA protein have been proposed, including the depression of the 

immune response (Aldo-Benson and Benson 1982), the modulation of prostaglandin I2 

production by the N-terminal domain of the SAA molecule (Shainkin-Kestenbaum et al. 

1997), and the production of tumor necrosis factor-ct by its AA domain (Shainkin-

Kestenbaum et al. 1991). SAA also induces the inhibition of platelet aggregation 

(Zimlichman et al. 1990), participates in the detoxification of endotoxin (Baumberger et al. 

1991), and the induction of collagenase activity (Brinckerhoff et al. 1989). Moreover, it has 

been reported that the SAA binds to neutrophilis (Like et al. 1991; Preciado-Patt et al. 1996 

a), inhibits adhesion of T-lymphocytes by the intact molecule and amino acid residues 29-42 

(Preciado-Patt et al. 1996 b), induces the migration of monocytes and neutrophils (Badolato 

et al. 1994; Badolato et al. 1995), and inhibits high fever stimulated oxidative burst reaction 

then free radicals formation (Chunyan 1999). Free radicals have unpaired electrons. They 

travel around the body trying to steal electrons from other molecules. To this group belong 

reactive oxygen species (ROS), such as superoxide (O2
._), hydroxyl (OH.) and peroxyl 

(.OOH, ROO.) radicals. The ROS damage the cells in a process known as oxidation 

(Dancygier and Schirmacher 2010). Antioxidants are the remedy to this problem. The 

antioxidants are molecules capable of inhibiting the oxidation (a chemical reaction that 

transfers electrons from a substance to an oxidizing agent) of other molecules and prevent 

produces of free radicals (Sies 1997). This molecule play a vital roles in maintains the body 

system through protecting the DNA damage and keep the immune cells away from free 

radical damage which will suppress their activity. Moreover it have proven that some 

antioxidants have anti-inflammatory properties. In addition to scavenging free radicals, there 

are antioxidants that actually block inflammation (Wang et al. 2004). 

In this paper and for the first time we clone SAA gene from Lates calcarifer and 

comprehensive characterization was done using molecular phylogenetic approach. In 

addition, a recombinant SAA protein was expressed and its in vitro antioxidant activities 

were evaluated.  
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Materials and Methods 

A.     Molecular cloning of SAA gene:   

In order to generate the SAA  gene  sequence,  ESTs  were used  for this purpose. Fourteen 

ESTs were collected from the L. calcarifer liver cDNA library (Nurul 2004). Based on the 

contig sequence generated by the assembly of these ESTs using CAP3 (Huang and Madan 

1999), a pair of primers flanking the putative SAA coding sequence  (CDS) were designed by 

using Primer 3 (Rozen and Skaletsky 2000), namely the SAA-F forward primer,  5'-

GCAGGCACTGCAAAA CATCT-3'; the SAA-R reverse primer, 5'-TCTAGGT 

CGGTGGTTTTTATCC-3'.                                                   

In order to amplify the cDNA of the SAA gene, the total RNA was extracted from the liver 

tissue of L. calcarifer by using the TRI Reagent (Molecular Research Center, Inc., USA). 

Approximately 2 µg/mL of the total RNA were utilized in first-strand cDNA synthesis. The 

amplification of the SAA sequence was carried out by utilizing 5 µl 10x PCR reaction 

buffer; 1 µl dNTP (10 mM); 0.2µl Taq polymerase (5 U/µl); 1.5 µl MgCl2 (1.5 mM) 

(Invitrogen); 1 µl SAA-F forward and SAA-R reverse (10 µM) ( Bio Basic). The cDNA (25 

ng/mL) of liver library was used as a template. The PCR reaction was performed by using 

ependerouf–thermocycler. The PCR conditions were as follows: Pre-denaturation, 94°C for 2 

min; denaturation, 94°C for 3 s; annealing, at 55°C for 30 s; extension 72°C for 1min; 32 

cycles; final extension at 72°C for 10 min. The amplified products were purified using the 

QIAquick PCR Purification Kit (QIAGEN), and cloned into the pJET1.2/blunt vector by 

using the CloneJET PCR Cloning Kit (Fermentas). Finally,  the recombinant clones were 

sequenced by using the BigDye Terminator Cycle  Sequencing Kit (Applied Biosystems) on 

the ABI PRISM 3100 DNA Sequencer (Applied Biosystems). 

B.     Phylogeny of SAAs:  

The SAA sequence of other vertebrates was identified by using the generated nucleotide 

sequence and PSI-BLAST (Altschul et al. 1997) on the UniProt Knowledgebase (UniProt 

Knowledgebase). Next, a multiple sequence alignment (MSA) was created with the putative  

L. calcarifer SAA sequence and other vertebrate sequences by using T-coffee (Notredame et 

al. 2000). The phylogenetic analyses were conducted by using PHYLIP (Felsenstein 1996). 

The Branchiostoma belcheri (SAA.BRABE.Q8MY11) was used as outgroups. The 

phylogenetic trees were constructed by using the neighbor-joining method (as implemented 

in NEIGHBOR) from distance matrixes calculated by the Jones-Taylor- Thornton method 

(using PROTDIST). The maximum parsimony method was also used by utilizing 
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PROTPARS. The robustness of the trees was evaluated by bootstrap analysis of 1000 

random iterations by using SEQBOOT, while MEGA4 (Tamura et al. 2007) was used to 

generate the consensus tree. 

C.     Expression of the recombinant SAA (rSAA): 

Directional cloning of the SAA gene into expression vector was facilitated by designing 

suitable restriction enzyme sites. The restriction enzymes that were chosen depended on the 

analysis results by the use of NEBcutter2 tool (NEBcutter Tool) and compatibility with the 

vector used. The pair of primers were designed as: SAA-forward primer, 5'- 

TCTCTGCTAGCGCAGGCACTGCAAAACATCT-'3, included the restriction site for NheI 

and SAA-reverse primer, 5'-GTTATAAGCTT TCTAGGTCGGTCGTTTTTATCC-'3, 

included HindIII restriction site (underlined). PCR was performed to amplify SAA with the 

designed restriction site used the cDNA of liver L. calcarifer library as a template with pre-

denaturation, 94°C for 2 min; denaturation, 94°C for 3 s, annealing, 58°C for 30 s; extension, 

72°C for 1 min; 32 cycles; and final extension, 72°C for 10 min. The PCR product was 

resolved on 1% agarose, and then the gel was purified by using QIAquick gel extraction kit 

(QIAGEN). The purified PCR product of SAA was cloned into the pGEM-T and transformed 

into E. coli DH5α competent cells. Recombinant clones were identified on LB agar plates 

containing  ampicillin (50  µg/mL). The  recombinant plasmid was extracted and purified 

from the E. coli DH5α cells by using the QIAprep Miniprep Kit (QIAGEN). PCR was 

performed to identify the positive colonies. Recombinant clones were confirmed by 

sequencing using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems). All 

the protocols   are same to those recommended by the kit manufacturers. The double 

digestion was then performed for SAA with: 1 µl NheI (10 U/µl) and 1 µl HindIII (10 U/µl); 

3 µl restriction enzyme buffer (10x), 0.3 µl BSA (0.1 mg/mL) (Promega), and 6 µl DNA 

template (pGEM-T vector + SAA) (840 ng/µl) to obtain a volume of 30 µl. The digestion 

mixture was then incubated at 37°C for 4 h, and then resolved on 1% agarose to confirm the 

released insert. 

The pET-28b (+) plasmid (Novagen) was used for the cloning and expression of rSAA in E. 

coli. The plasmid harboring SAA was digested with (NheI and HindIII). The digested SAA 

insert was subcloned into the pET-28b (+) (100 ng/µl) at a ratio of 1:3 utilizing T4 DNA 

ligase. The ligation mixture was incubated at 16°C for 16 h and transformed with 50 µl of E. 

coli DH5α competent cells. Recombinant clones were selected by plating them on LB agar 

plates containing kanamycin (30 µg/mL) (Sigma) for 16 h at the temperature of 37°C with 
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shaking at 250 xg. The plasmids were extracted and purified from the overnight bacterial 

culture. The plasmid harboring the SAA gene was confirmed by double digestion with NheI, 

HindIII. Recombinant clones were sequenced using the BigDye Terminator Cycle 

Sequencing Kit (Applied Biosystems) on the ABI PRISM 3100 DNA Sequencer (Applied 

Biosystems). In all of sequencing steps, the protocols were essentially identical to those 

recommended by the kit manufacturers. The pET-28b (+) plasmid harboring SAA gene was 

transformed into the E. coli strains; BL21 (DE3), Rosetta-gami 2(DE3) for protein 

expression. For small-scale expression, E. coli strains harboring the pET28b (+)-SAA 

plasmid were grown in (2 mL) of LB broth containing 30 µg/mL of kanamycin. The culture 

was grown overnight (16 h) at 37°C with shaking executed at 250 xg. The following 

morning, 10 mL fresh LB broth was inoculated with 500 µl overnight culture and incubated 

at 37°C for ~ 1 h, at which time the culture was in the mid-log phase (OD600  ~ 0.5). The 

rSAA expression was induced by adding isopropyl-1-thio-b-D-galactopyranoside (IPTG) to a 

final concentration of 1 mM, and the mixture was left to grow for a further 4 h at 37°C. The 

cells were then harvested by the process of centrifugation at 6000 xg for 20 min. Later, the 

pellet was resuspended in 1 mL lysis buffer (50 mM Tris-base pH 8.0). The cell suspension 

was sonicated 6x for 10 s, each with a 20 s pause between sonication intervals, with a 6-mm 

diameter micro tip until the lysate became optically clear. The suspensions were centrifuged 

at 16000 xg, 4°C for 30 min. The supernatant (soluble protein fraction) and the pellet 

(insoluble protein fraction) were separated on 15% SDS-PAGE at 150V and stained with 

Coomassie brilliant blue R-250 (Sigma). For large-scale (1 L of LB broth + kanamycin 30 

µg/mL) expression, 20 mL of an overnight SAA culture was added and grown at 37°C for ~ 1 

h to reach the mid-log phase (OD600  ~ 0.5). IPTG was added to a final concentration of 1 

mM and the incubation was continued for 4 h at 37°C. 

 

D.     SDS-PAGE and Western Blotting analysis: 

Protein samples (20 µl) of SAA were prepared under denature conditions in SDS sample 

buffer (10% SDS, 5% β-mercapitalethanol). The samples were boiled at 100°C for 5 min, and 

were then loaded and separated on 15% SDS-PAGE, with the electrophoresis which was then 

run for 1 h at 150V (Sambrook et al. 2001). To perform immunoblotting, the SAA gel was 

removed and equilibrated for 20 min at 4°C in transfer buffer (25 mM Tris, 192 mM glycine, 

10% methanol). The SAA protein was then transferred onto a 0.2 µm nitrocellulose 

membrane. The transference occurred in the same buffer at 100V for 1 h. The blotted 
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membranes were incubated with 10% fat-free milk proteins for 1 h at room temperature 

followed by the process of washing each of it three times for 10 min with TBS-T (10 mM 

Tris pH 8, 150 mM NaCl and 0.1% Tween20). The membranes were then incubated with the 

main and specific antibody derived from the mouse polyclonal Anti-polyhistidine (1:2000 

dilution in 1X TBS-T) for 2 h at room temperature with constant gentle shaking. At the end, 

the rSAA protein was detected by incubating the membranes for 10-20 min in alkaline 

phosphatase substrate (Bio-Rad). 

E.     Purification of the recombinant SAA (rSAA) protein: 

The rSAA was purified used ÄKTA purifier liquid chromatography system by ion-exchange 

chromatography method on strong anionic exchanger Q Sepharose column (45-165 µm) (GE 

Healthcare). All the purification steps were carried out at room temperature. Two buffers, A 

(50 mM Tris-base, pH 8.5) and B (50 mM Tris- base and 1 M NaCl) were prepared and 

filtered through 0.25 µm filter membrane. The chromatography system was washed with 

buffer A and B before protein purification, while the Q Sepharose column equilibrated with 

buffer A. The cells from 1L of SAA bacterial culture were centrifuged at 4000 xg for 5 min. 

The cells were resuspended in 10 mL lysis buffer. The cell debris was removed by 

centrifuging the lysate at 6000 xg for 10 min at 4°C. Bacterial supernatant was loaded into 

the column at a rate of 1 mL/min. After the loading of the sample, the column was washed 

with buffer A to elute the unbound proteins, after which the bound proteins were then eluted 

by using buffer B (50 mM Tris-base, 1 M NaCl pH 8.5). Both, the bound and unbound 

protein fractions were pooled and analyzed by SDS-PAGE followed by western blotting to 

detect the specific purified protein band. 

 

F.     Measurement of total antioxidant status: 

Total antioxidant status of the rSAA protein was measured using the total antioxidant status 

assay kit (Calbiochem) according to the manufacturer’s instructions. The assay relies on the 

antioxidant ability of the recombinant protein to inhibit oxidation of 2, 2’ azino-bis-[3- 

ethylbenz-thiazoline-6-sulfonic acid] (ABTS) to ABTS* by metmyoglobin. The amount of 

ABTS* produced is monitored by reading the absorbance at 600 nm. Under these reaction 

conditions, the antioxidant ability of rSAA protein decreases the absorbance at 600 nm in 

proportion to its concentration. The final antioxidant capacity of rSAA protein was calculated 

by the following formula: Trolox equivalent value (mmol/L) = [factor × (absorbance of 
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blank-absorbance of sample)]; factor= [concentration of standard/ (absorbance of blank 

absorbance of standard)]. 

G.     Rapid screening of antioxidant by dot-blot and DPPH staining: 

An aliquot (3 μl) of each diluted sample of the rSAA was carefully loaded on a 20 cm × 20 

cm TLC layer (silica gel 60 F254; Merck) and allowed to dry (3 min). Drops of each sample 

were loaded in order of decreasing concentration along the row. The staining of the silica 

plate was based on the procedure of Huang et al. 2005. The sheet bearing the dry spots was 

placed upside down for 10 s in a 0.4 mM DPPH solution. Then the excess of solution was 

removed with a tissue paper and the layer was dried with a hair-dryer blowing cold air. 

Stained silica layer revealed a purple background with white spots at the location where 

radical scavenger capacity presented. The intensity of the white colour depends upon the 

amount and nature of radical scavenger present in the sample. 

H.     Scavenging activity against DPPH radical: 

The effect of rSAA on the DPPH radical was estimated according to the method of Shimada 

et al. 1992. An aliquot of rSAA (30 μL) was mixed with 100 mM Tris-HCl buffer (120 μL, 

pH 7.4) and then 150 μL of the DPPH in ethanol with a final concentration of 250 μM was 

added. The mixture was shaken vigorously and left to stand at room temperature for 20 min 

in the dark. The absorbance at 517 nm of the reaction solution was measured 

spectrophometrically. The percentage of DPPH decolourization of the sample was calculated 

according to the equation: % decolourization= [1- Abssample /Abscontrol]× 100. 

I.     Determination of antioxidant activity by reducing power measurement: 

The reducing powers of the rSAA and glutathione were determined (Yen and Chen 1995). 

Concentrations of (0, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL rSAA) or glutathione was mixed with an 

equal volume of 0.2 M phosphate buffer, pH 6.6, and 1% potassium ferricyanide. The 

mixture was incubated at 50°C for 20 min, during which time ferricyanide was reduced to 

ferrocyanide. Then an equal volume of 1% trichloroacetic acid was added to the mixture, 

which was then centrifuged at 6,000 xg for 10 min. The upper layer of the solution was 

mixed with deionized water and 0.1% FeCl3 at a radio of 1:1:2, and the absorbance at 700 nm 

was measured to determine the amount of ferric ferrocyanide (Prussian Blue) formed. 

Increased absorbance of the reaction mixture indicated increased reducing power of the 

sample. 

 

 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 11, December 2013 

 

573 
www.jiarm.com 

J.     Determination of Fe2＋-chelating ability: 

The Fe2＋ was monitored by measuring the formation of ferrous iron-ferrozine complex at 562 

nm (Decker and Welch 1990). Recombinant SAA (0, 0.4, 0.8, 1.2, 1.6 and 2 mg/mL) was 

mixed with 2 mM FeCl2 and 5 mM ferrozine at a ratio of 10:1:2. The mixture was shaken 

and left to stand at room temperature for 10 min. The absorbance of the resulting solution at 

562 nm was measured. The lower the absorbance of the reaction mixture the higher the Fe2＋-

chelating ability. The capability of the sample to chelate the ferrous iron was calculated using 

the following equation: Scavenging effect (%) = [1- Abssample / Abscontrol] ×100. 

 

K.     Determination of antioxidant activity by the ferric thiocyanate (FTC) method: 

The procedure of Oloyede et al. 2010 was used to determine the antioxidant activity by FTC 

method. Twenty mg/mL of samples dissolved in 4 ml of 99.5% (w/v) ethanol were mixed 

with linoleic acid (2.51%, v/v) in 99.5% (w/v) ethanol (4.1 ml), 0.05 M phosphate buffer pH 

7.0 (8 ml) and deionized water (3.9 ml) and kept in a screw-cap container at 40°C in the dark. 

Then, to 0.1 ml of this solution was added 9.7 ml of 75% (v/v) ethanol and 0.1 ml of 30% 

(w/v) ammonium thiocyanate. Precisely 3 min after the addition of  0.1 ml of 20 mM ferrous 

chloride in 3.5% (v/v) hydrochloric acid to the reaction mixture, the absorbance at 500 nm of 

the resulting red colour was measured every 24 h until the day when the absorbance of the 

control reached the maximum value. The inhibition of linoleic acid peroxidation was 

calculated as (%) inhibition = 100 - [(absorbance increase of the sample/absorbance increase 

of the control) × 100]. 

All tests were run in duplicate and analyses of all samples were run in triplicate and averaged. 

 

L.     Protection of rSAA against hydroxyl radical-induced calf thymus DNA damage: 

The hydroxyl radical was generated by Fenton reaction according to the method of Kohno et 

al. 1991. The 15 μL reaction mixture containing rSAA (0, 50, 100, or 200 μg), 5 μL of calf 

thymus DNA (1 mg/mL), 18 mM FeSO4, and 60 mM hydrogen peroxide were incubated at 

room temperature for 15 min. Then 2 μL of 1 mM EDTA was added to stop the reaction. 

Blank test contained only calf thymus DNA and the control test contained all reaction 

components except rSAA. The treated DNA solutions were subjected to agarose 

electrophoresis and then stained with ethidium bromide and examined under UV light. 
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M.     Statistics and data processing: 

Means of triplicates were calculated. Student’s t test was used for comparison between two 

treatments. All data (expressed as percent of control value) were means ± SE. A difference 

was considered to be statistically significant when p < 0.05, p < 0.01 or p < 0.001.  

 

Results and Discussion  

A.     Analysis of putative L. calcarifer SAA sequence: 

The results showed that the open reading frame (ORF) of the L. calcarifer SAA is 415 bp in 

length. It encodes a protein of 122 amino acids. For sequence analysis, a PSI-BLAST search 

was performed by using the CDS of the putative L. calcarifer SAA (ORF.Lca) [GenBank: 

GQ337916] and a total of 28  homologous SAA sequences were selected based on sequence 

length (full CDS over partial CDS or truncated protein), taxonomical group, and gene (SAA1, 

2, 3 or 4) Table (1). These 28 sequences were aligned along with the putative  L. calcarifer 

SAA sequence, and the percentage of sequence identity to the L. calcarifer SAA sequence 

was determined Table (1). The SAA protein sequences showed a relatively high degree of 

identity, even between differently expressed genes. The sole protein found in both trout SAA 

(71%) and pufferfish  SAA (69%) have the highest  identity to the L.  calcarifer sequence 

followed by rabbit SAA1 and 3, and mouse SAA3 (65%). The sequence within the alignment 

having the lowest identity to L. calcarifer SAA is the human SAA4 sequence (44%) (Table 1). 

All teleost SAA sequences were 121 residues in length with the exception of the C. carpio 

sequence, which is 123 residues in length. The multiple sequence alignment (MSA) showed 

that the insertion in C. carpio appears to be immediate after the hypothetical 18 signal peptide 

residues. Most mammalian sequences are 122 residues in length except for sequences that 

have an eight or nine peptide insertion Fig (1). These include all SAA4 (C- SAA) sequences 

and also A-SAA sequences of carnivores (minks, cats and cheetahs) and artiodactyls (cattle, 

pigs and goats). Avian, reptilian and cephalochordate SAA sequences have short insertions at 

the beginning of the protein, around the site of the signal protein cleavage. These results in all 

known avian, reptilian and cephalochordate sequences are found to be 127 to 129 residues in 

length. 
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Table (1) SAA homologs used in this work 

Sequence ID  Species name Common 
name 

Identity to 
L. calcarifer 

Sequence 
length 
(aa) 

E 
value 

ORF.Lca.GQ337916 Lates calcarifer Asian seabass - 121 - 

SAA.ONCMY.A6PZ09 Oncorhynchus mykiss Rainbow trout 71% 121 1e-47 

SAA.TETNG.Q4SI54 Tetraodon negroviridis Green puffer 69% 121 4e-48 

SAA3.RABIT.P35543 Oryctolagus cuniculus European rabbit 65% 122 6e-42 

SAA1.RABIT.P53614 Oryctolagus cuniculus European rabbit 65% 122 1e-41 

SAA3.MOUSE.P04918 Mus musculus House mouse 65% 122 9e-43 

SAA.DANRE.Q642J9 Danio rerio Zebra fish 64% 121 1e-40 

SAA.HUMAN.P02735 Homo sapiens Humans 63% 122 1e-38 

SAA.PONAB.Q5NVR7 Pongo abelii Sumatran 

orangutan 

63% 122 4e-39 

SAA2.RABIT.P22000 Oryctolagus cuniculus European rabbit 63% 122 2e-40 

SAA.CYPCA.Q9YIA4 Cyprinus carpio Common carp 63% 123 6e-40 

SAA.PIG.Q2HXZ9 Sus scrofa Pig 63% 130 2e-39 

SAA2.MUSVI.P02739 Mustela vison American mink 62% 129 2e-41 

SAA.ACIJB.B0M1H2 Acinonyx jubatus Cheetah 62% 129 7e-41 

SAA.FELCA.Q1T770 Felis catus Cat 61% 129 3e-40 

SAA1.MUSVI.P18575 Mustela vison American mink 61% 129 2e-39 

SAA3.HUMAN.P22614 Homo sapiens Humans 60% 122 4e-36 

SAA1.MOUSE.P05366 Mus musculus House mouse 60% 122 1e-35 

SAA.BOVIN.P35541 Bos Taurus Cattle 60% 130 1e-39 

SAA.BRABE.Q8MY11 Branchiostoma belcheri Amphioxus 58% 127 6e-36 

SAA2.MOUSE.P05367 Mus musculus House mouse 57% 122 1e-33 

SAA.CAPHI.A5JSR9 Capra hircus Goat 57% 131 2e-34 

SAA3.BOVIN.Q8SQ28 Bos Taurus Cattle 56% 131 3e-34 

SAA.SPHPU.Q8JIB0 Sphenodon punctatus Tuatara 54% 129 2e-32 

SAA.ANAPL.P02740 Anas platyrhynchos Domestic duck 54% 127 4e-31 

SAA.9AVES.Q4L1B3 Anser anser domesticus Domestic goose 53% 127 1e-30 

SAA4.BOVIN.Q32L76 Bos Taurus Cattle 52% 129 2e-31 

SAA4.MOUSE.P31532 Mus musculus House mouse 47% 130 6e-29 

SAA4.HUMAN.P35542 Homo sapiens Human 44% 130 4e-24 

 

The MSA demonstrated a total of 28 fully conserved positions throughout the alignment Fig 

(1). Thirty one other positions have either high (95%) amino acid conservation or similarity 

within the alignment. Highly conserved regions between positions 37 to 93 and positions 115 

to 141 were found in the middle and the C- terminus of the protein, respectively, suggesting 
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that these areas may contain sites which are related to SAAs universal functions. Previous 

studies  have found the regions between positions 56 to 70 of the human SAA1 sequence to 

contain elements which are similar to the cell-binding domains of the two extracellular matrix 

(ECM) cell adhesive glycoproteins, laminin (YIGSR) and fibronectin (RGD) (Preciado-Patt 

et al. 1996 b). The fibronectin-like region (RGN) is conserved in all sequences to date while 

the laminin-like region (YIGSD) is only found in human SAA1 and SAA2. Another highly 

conserved hydrophobic region between positions 72 and 86 encompasses a putative calcium-

binding sequence GPGG. This sequence is found to be conserved in all sequences in the 

alignment except mouse SAA4 and our L. calcarifer sequence that has GSGG and GAGG 

instead, respectively. However, it has been experimentally shown that human SAA1 is unable 

to bind Ca2+ (Malle et al. 1997). Another highly conserved segment of the alignment would 

be the last 26 residues of all the sequences that have been found to be involved in binding 

polymorphonuclear leukocytes (PMNLs) and glycosaminoglycan (Preciado-Patt et al. 1996 

a). In some cases of amyloidosis, which is a disease caused by the accumulation of amyloid 

fibrils in organs due to chronic inflammation, this region is cleaved from the mature protein 

before it is deposited. This may mean that this portion of SAA is specifically released and 

may have an immune-related biological function. 

B.     Phylogenetic analysis: 

Both the Neighbor Joining (NJ) and Maximum Parsimony (MP) analyses were performed 

using Branchiostoma. belcheri (SAA.BRABE.Q8MY11) SAA, a cephalochordate, as an out 

group. This sequence was chosen because it is the closest living invertebrate relative to the 

vertebrate and it has been widely used during the exploration of the origin of vertebrate gene 

families due to its simple body plan and pre-duplication event genome (Yu et al. 2008). 

In the NJ analysis Fig (2), the lineage leading from the out-group branches into two main 

clades (Clade I and II). Clade II contains all the fish sequences and is supported with a 

bootstrap value of 80%, while the other clade (Clade I) groups the terrestrial vertebrates such 

as reptiles, birds and mammals together. Within the latter group (Clade I), the branch 

containing the mammalian sequences is supported with a bootstrap value of  63% while birds 

and reptiles were clustered  together with a bootstrap value of 51%. Within the mammalian 

cluster, SAA1, 2 and 4 are clustered together and divergent from the SAA3 group with the 

exception of bovine SAA1, which anonymously was found together with the SAA3 

sequences. With that exception, this branching off of SAA3 supports earlier findings in which 

intron/exon organization was used in the phylogenetic analysis (Lowell et al. 1986). The 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 11, December 2013 

 

577 
www.jiarm.com 

study suggested that SAA3 diverged from an ancestral pre-SAA1.2 gene. Since only one 

isoform has been identified thus far in fishes, birds and reptiles, it is possible that the SAA3 

gene diverged from the pre-SAA1.2.4 ancestral genes after the divergence of mammals from 

the other vertebrates. Within the branch containing the fish sequences, C. carpio and D. rerio, 

are grouped together with a bootstrap value of 58%.  

This is expected as both fishes belong to the family cyprinidae. Another interesting point is 

that the L. calcarifer SAA sequence is distinct among the other fish sequences as all the other 

fish sequences are distinctly grouped with a 75% confidence level. The reason is that this 

species was classified under the superorder Acanthopterygii, which include three different 

orders (Perciformes, Tetraodontiformes and Salmoniformes) whereas others under 

Ostariophsi (order Cypriniformes). This evolutionary divergence supported previous study in 

the teleost radiation (Furutani-Seiki and Wittbrodt 2004). Furthermore, our analysis 

reconfirms the monophyletic between Acanthopterygii and Ostariophsi that was indicated by 

previous study (Steinke et al. 2006). 

The MP phylogenetic tree Fig (3) also showed a similar separation between the fish and the 

other vertebrates. The bootstrap value of the fish clade is high 94%. Within the fishes, C. 

carpio and D. rerio are again grouped together with a bootstrap value of 61%. This confirmed 

the close relationship of these two fishes. All the mammalian SAA sequences are placed on 

one branch supported by a bootstrap value of 80%. Within the mammalian cluster, a slightly 

different division can be seen between the sequences as compared to the NJ tree. While the 

NJ analysis Fig (2) showed a divergence between SAA3 and the other SAA genes, the MP 

analysis generally divided the sequences according to their respective species and orders, 

with the exception of SAA4, which were grouped under the branch that also contained the 

artiodactyl and carnivora sequences. This branch was supported with a bootstrap value of 

96%. This grouping may be explained by the presence of an eight or nine peptide insertion at 

the position corresponding to position 90 of the human CDS. This insertion is absent in all 

the sequences in the sister group of this branch suggesting that carnivora and artiodactyl SAA 

may have shared a common ancestor with SAA4. However, this is somewhat inconclusive as 

the NJ analysis does not support this pattern. The other branch contains rodents, largomorpha 

(rabbits) and primate sequences regardless whether they are SAA1, 2 or 3. This agrees with 

the current taxonomic classification based on molecular and fossil evidence which groups 

these three orders under super- order euarchontoglires (Murphy et al. 2001). 
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It has been suggested that isoforms of the SAA super-family in mammals, are more similar 

within the species than between species due to gene homogenizing events known as gene 

conversion (Uhlar et al. 1994). This explains why isoforms 1 and 2 are almost identical 

within each species. Without gene conversion events, isoforms 1 and 2 would be on separate 

lineages as gene organization studies show that they probably originated from an ancestral 

gene, which then duplicated to form isoforms 1 and 2.  From the phylogenetic analyses, fish 

SAAs were significantly similar to other vertebrate SAAs. However fish SAAs are still 

unique as compared to mammalian, bird and reptilian SAAs. Thus, it is not possible to strictly 

classify the SAAs found in fishes to be strictly orthologous to the isoforms found in 

mammals for two main reasons. First, the fish SAAs are insufficiently identical to be 

monophyletic among the mammalian isoform groups but instead form a cluster of their own 

which includes all the other fishes SAA sequences used in this study. Second, there may also 

be more SAA isoforms in fishes and other non-mammalian organisms which have not been 

identified, of which if found, could reveal an alternative relationship among the fishes and the 

derived forms in the higher vertebrates. The latter suggestion is admittedly unlikely as all the 

non-mammalian sequences have had only one copy of SAA found in their cDNA libraries 

thus far. The existence of more members of some gene families in higher mammals compared 

to fewer members of the same gene family within lower vertebrate lineages can be attributed 

to the occurrence of gene duplication events, which lead to more complex gene families in 

the higher vertebrates. This explanation agrees with the study on marine SAA evolution (De 

Beer and Sipe 1996), which suggested that duplication of an ancestral SAA resulted in one 

SAA3, one SAA4 and another pre-SAA1.2 gene. 
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Fig (2) Neighbor-joining phylogenetic tree. The phylogenetic tree was constructed from the 

aligned L. calcarifer SAA sequence with other vertebrate SAA protein sequences using the 

neighbor-joining method with distance calculated using the Jones-Taylor-Thornton  model. 

Bootstrap values  are shown above the respective nodes based on a percentage of occurrences 

in 1000 replications. The blue stars refer to Acanthopterygii and the red one to Ostariophsi. 
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Fig (3) Maximum parsimony phylogenetic tree. The phylogenetic tree was constructed from 

the aligned L. calcarifer SAA sequence with other vertebrate SAA protein sequences using 

the maximum parsimony method. Bootstrap values are shown above the respective nodes 

based on a percentage of occurrences in 1000 replications. The blue stars refer to 

Acanthopterygii and the red one to Ostariophsi. 

C.     Molecular cloning and construction of recombinant plasmid: 

In order to facilitate the cloning and expressing of the rSAA and based on NEBcutter2 tool, 

the restriction enzyme sites (HindIII and NheI) were added to the SAA gene. These chosen 
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enzymes must be absent in the restriction enzyme map of the target gene Fig (4). After 

cloning of SAA into pGEM-T, the insert was amplified and digested from the vector Fig (5). 

The SAA gene was then inserted downstream of his-tag-encoding DNA in the same open 

reading frame at the HindIII and NheI restriction sites in the multiple cloning sites of the 

pET-28b (+) Fig (6). Positive colonies were picked for protein expression. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (4) Restriction enzyme map of L. calcarifer SAA gene. 

The SAA gene sequence from L. calcarifer was screened for restriction enzyme sites found.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (5) Amplification and double digestion of L. calcarifer SAA gene. A.  M: Supercoiled 
DNA ladder (2-10 kb). Lane 1: Amplified pGEM-T+SAA vector with a size of ~3.4 kb. B. 
Double digested of SAA insert (415 bp) from pGEM-T vector by NheI and HindIII restriction 
enzymes. M: 1 Kb DNA ladder (250-10,000 bp). Lane 1: The digested SAA insert. 
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Fig (6) Construction of the rSAA-pET-28b(+) vector.  The NheI/ HindIII fragment of the 
PCR product (containing a his6-tag and the coding region of L. calcarifer SAA) was inserted 
into the NheI and HindIII sites of the pET-28b vector. 
 
D.     Expression and immunoblotting of rSAA protein:  

In order to express the protein, rSAA was transformed into the E. coli BL21 (DE3). The 

recombinant protein could not be expressed in spite of the changes in expression parameters 

such as IPTG concentration (0.2-1 mM), induction time (2, 4, and 6 h) and growth 

temperature (28°C, 30°C and 37°C). However, it was highly expressed as a soluble form 

when Rosetta-gami2(DE3) was used and in the presence of 1 mM IPTG, induction time of 4 

h and the growth temperature was at 37°C. The expressed protein was analyzed on 15% SDS-

PAGE and showed a band with a molecular weight of 14-kDa. The expressed protein was 

confirmed by Western blot by using mouse polyclonal Anti- polyhistidine (dilution rate 

1:2000) as the main and specific antibody Fig (7). 

The production of SAA by recombinant method offers a reliable source for the production of 

large quantities and highly purified SAA protein. In this study we report the production of 

rSAA protein using the pET-28b (+) expression system. The SAA coding region was inserted 

in frame with the N-terminal His-tag for pET-28b (+) vector to produce a construct in which 

the SAA expression was under the control of the IPTG inducible T7 promoter and His-tag 

ribosome binding site. The his-tag sequence was used to enhance the expression of eukaryotic 

genes in E. coli (Hengen 1995). The E. coli expression system has a proven track record over 
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more than 30 years. It was the first expression system introduced in the biotech industry 

(recombinant insulin) and gram negative bacteria is still used for expression of a wide range 

of biopharmaceutical products. The bacterium E. coli is the most frequently used organism 

for production of recombinant DNA and proteins. This is due to fast proliferation and the 

fermentation period, fast growth rate, good protein production rate, and undemanding growth 

conditions. Protein expression in E. coli is usually faster than in Pichia pastoris for several 

reasons, which are competent E. coli cells can be stored frozen, and thawed immediately 

before use, whereas P. pastoris cells have to be produced immediately before use. Expression 

yields in P. pastoris vary between different clones, and usually a large number of clones need 

to be screened for protein expression before a good producer is found. Meanwhile, optimal 

induction times of Pichia are usually on the order of days, whereas E. coli usually reaches 

optimal yields within hours of induction (Cregg et al. 2009; Evans et al. 1995). The SAA 

gene were successfully cloned into the pET-28b (+) vector, and expressed as soluble forms 

with a molecular weight of 14kDa. In order to resolving rSAA, 15% of SDS-

polyaclyramide gel were used. For protein electrophoresis, the pores of the gel are the 

important structures. During electrophoresis, proteins move through the pores of a gel. The 

size of the pores created in the gel is inversely related to the amount of acrylamide used. Gels 

with a low percentage of acrylamide are typically used to resolve large proteins, and high 

percentage gels are used to resolve small proteins easily (Seidman 2010). The expression of 

heterologous proteins in a prokaryotic system requires the choice of the correct cloning 

vector and expression host. Recombinant SAA protein was expressed from E. coli Rosetta-

gami 2(DE3) rather than other expression host strains Fig (7). The Rosetta-gami expression 

host strains are Origami derivatives (E. coli K-12) that have mutations in both the thioredoxin 

reductase (trxB) and glutathione reductase (gor) genes, which together greatly enhance  

disulfide bond formation in the cytoplasm. These strains supply tRNA population that 

closely reflects the codon bias of the mRNA population heterologous proteins (Markiv et al. 

2011). The results show that L. calcarifer SAA gene sequence have a high number and 

frequency of rare codons (http://www.genscript.com). In every cell, the tRNA population 

closely reflects the codon bias of the mRNA population and when the mRNA of heterologous 

target genes is over expressed in E. coli, differences in codon usage can terminate translation 

due to the demand for one or more tRNAs that may be rare or lacking in the population (Kane 

1995). In the pET system and other high-level E. coli expression systems, the presence of a 

small number of rare codons often does not severely depress target protein synthesis. 
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However, heterolougous protein expression can be very low when a gene encodes clusters of 

numerous rare E. coli codons. The most severe effect of rare codons on protein expression 

have been observed such as translational stalling, premature translation termination and 

translation frame shifting (Kurland and Gallant 1996; Nakamura et al. 2000). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (7) Expression, purification, and immunoblotting of rSAA protein.  A. Lane 1: rSAA 

protein was expressed form E. coli Rosetta-gami 2(DE3) and resolved on 15% SDS-PAGE 

with 10 μg protein applied on each lane, and then the gel was stained with Coomassie blue G-

250. Lane 2 and 3: The purified rSAA protein that eluted from a strong anion exchange 

column (Q Sepharose). B. Lane 1 and 2: Western blot analysis of the purified and expressed 

rSAA, respectively. The red circles refer to the rSAA protein bands with a size of 14kDa. 

E.     Purification of the recombinant protein: 

The rSAA protein was purified by using ion-exchange chromatography method on strong 

anion Q Sepharose column. The recombinant protein was eluted from the column by a 

gradient of 0-100% of 1M NaCl. The bounding protein was eluted at 27% of 1M Nacl Fig 

(8). Fraction containing the eluted protein was pooled and concentrated to 1/10 its original 

volume using Amicon ultra-15 (MWCO 10,000). The purified protein was resolved on 15% 

SDS-PAGE and its concentration (rSAA 12.7 mg/L) was detected by Bradford assay Fig (7). 

The SAAs constitute a major class of acute-phase proteins whose concentration can increase 

up to l000-fold following an acute inflammatory stimulus. The isolation of those proteins 

from blood is laborious, large amounts of blood plasma (100-300 ml) should be use, and 

results in poor yields of insoluble protein (Strachan et al. 1989; Meek et al. 1992; 

McCormack et al. 1996; Kaplan et al. 1997). Although L. calcarifer rSAA is his-tagged 
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recombinant gene, it is facing difficulty to purify by affinity chromatography method. The 

recombinant proteins with a small size (between 10-25 kDa) and high number of rare codons 

are difficult to purify by affinity chromatography because of its folded was not enough to 

expose his-tag. The improper folding will make his-tag most likely to be embedded in the 

protein and thus the affinity of his-tagged protein to Ni-NTA resin is very weak (Drew et al. 

2006). For this reason and for the first time, the L. calcarifer rSAA protein was highly 

purified by using ion-exchange chromatography (IEC) on strong Q Sepharose anionic column 

Fig (8). Ion-exchange chromatography is frequently chosen for the separation and 

purification of proteins, peptides, nucleic acid, and other charged molecules, mainly because 

of its high resolving power and high capacity, offering scalability, high specificity (Lodish et 

al. 2003). This form of chromatography relies on the attraction between oppositely charged 

particles since many biological materials, for example amino acids and proteins, have 

ionisable groups that may carry a net positive or negative charge. The net charge exhibited by 

biological molecules is dependent on their pI value and on pH of the solution (Janson 2007). 

At a pH below their pI, proteins carry a net positive charge; above their pI they carry a net 

negative charge. Proteins can, thus, be separated according to their isoelectric point. The pI 

value of rSAA from L. calcarifer is 6.5 (http://www.endmemo.com/ bio/proie.php). As the 

pH of the lysis and purification buffers are 8.5, the net charge of rSAA is negative. IEC can 

be subdivided into cation exchange chromatography, in which positively charged ions bind to 

a negatively charged resin; and anion exchange chromatography, in which the binding ions 

are negative, and the immobilized functional group is positive (Janson 2007).  

 

 

 

 
 
 
 
 
 
 
 
 
 
Fig ( 8) The purification chromatography of rSAA protein. The purified rSAA protein was 
eluted at 27% of 1M NaCl by ion-exchange chromatography used strong anion exchange 
column (Q Sepharose).The arrow on the peak indicates the purified rSAA. 
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F.     Measurement of total antioxidant status:  

This was measured using the total antioxidant status assay kit Fig (9). Recombinant SAA 

protein exhibited a dose dependent total antioxidant activity within the applied concentrations 

(0, 5, 10, 20, 40, 60, 80, and 100 μg/mL), the highest at 100 μg/mL (expressed as 4.21 ± 

0.008 mM Trolox equivalent antioxidative value, TEAC). At 5 μg/ mL, rSAA displayed the 

lowest total antioxidant status (1.95 ± 0.002 mM TEAC). 

G.     Screening of antioxidant by dot-blot and 2,2-diphenyl-1-picrylhydrazyl (DPPH) staining: 

Antioxidant capacity of expressed rSAA was eye-detected semi-quantitatively by a rapid 

(DPPH) staining method in TLC. Each diluted sample was applied as a dot on a TLC layer 

that was then stained with DPPH solution Fig (10). This method is typically based on the 

inhibition of the accumulation of oxidized products, since the generation of free radicals is 

inhibited by the addition of antioxidants and scavenging the free radicals shifts the end point. 

The appearance of white colour spot vs a purple background has a potential value for the 

indirect evaluation of antioxidant capability of the expressed rSAA in the dot blots (Soler-

Rivas et al. 2000). Fast reacted and strong intensities of white spots appeared up to the 

dilutions of 25 mg rSAA /mL (with an absolute amount of 75 μg). The reduced glutathione 

was used as a positive control. 

H.      Measurement of reducing power: 

The reducing power assay of rSAA samples was investigated on the Fe3+- Fe2+ 

transformation. The reducing power of any substance may serve as a significant indicator of 

its potential antioxidant activity (Yeh et al. 2011). The antioxidant activity of putative 

antioxidants have been attributed to various mechanisms, among them are prevention of 

chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, 

prevention of continued hydrogen abstraction, and radical scavenging (Diplock 1997). The 

reducing activity of rSAA is shown in Fig (11) with ascorbic acid served as a positive 

control. The reducing power activity of rSAA exhibited a dose-dependence (significant at 

p<0.05) within the applied concentrations (0, 0.2, 0.4, 0.6, 0.8, and 1 mg/mL). 
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Fig (9) Total antioxidant status of rSAA.Total antioxidant activity of recombinant SAA from 
L. calcarifer, as measured by the total antioxidant status assay. Absorbance value represents 
average of triplicates of different samples analyzed. 
 
 
 
 
 
 
 
 
 
 
 
Fig (10) Antioxidant activity of rSAA by dot-blot and DPPH staining. Dot blot assay of 
recombinant SAA from L. calcarifer on a silica sheet stained with a DPPH solution in 
methanol. Each 3µl of rSAA (100, 50, 25, 12.5, 6.25, and 3.125 mg/mL) was applied from 
left to right in sample row; while each 3 µl glutathione (10, 5, 2.5, 12.5, and 6.25 mg/mL) 
was applied from left to right in control row. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (11) Reducing power ability of L. calcarifer rSAA protein. The reducing power activity 
of rSAA exhibited a dose-dependence (significant at p<0.05) within the applied 
concentrations (0, 0.2, 0.4, 0.6, 0.8, and 1mg/mL). Each absorbance value represents average 
of triplicates of different samples analyzed. Results represent the means ± SE from at least 3 
separate experiments.  
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I.     Chelating abilities on ferrous ions:  

The capacity of rSAA for metal chelating and standard antioxidants was determined by 

assessing their ability to compete with ferrozine for the ferrous ions  Fig (12). The results 

showed that Fe2＋-chelating ability of rSAA was lower than that of EDTA (as a positive 

control) and this difference was statistically significant (P<0.05). Recombinant SAA at doses 

of 0.4, 0.8, 1.2, 1.6 and 2 mg/mL exhibited 65.26, 70.15, 72.41, 74.61 and 76.03% iron 

binding capacity, respectively. On the other hand, EDTA at doses of 0.02, 0.1, 0.2, 0.3 and 

0.4 mg/mL had 33.74, 78.16, 95.68, 96.68 and 96.69% chelating activity of iron, respectively 

Fig (12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig (12) Chelating ability of rSAA protein. Antioxidative activities of L. calcarifer rSAA, as 
measured by the Fe2＋-chelating ability method. Each absorbance value represents average 
of triplicates of different samples analyzed. Results represent the means ±SE from at least 3 
separate experiments. 
 
J.     Ferric thiocyanate (FTC) method: 

The time-course curve for the antioxidative activity of the rSAA, butylated hyroxytoluene 

(BHT), and H2O was detected by FTC method Fig (13). The BHT was used as a positive 

control, and H2O as a negative control. The results indicate that rSAA inhibit Low-density 

lipoprotein (LDL) peroxidation at a significant level (P<0.05). Low-density lipoprotein 

peroxidation has been reported to contribute to atherosclerosis development (Steinbrecher 

1987), and endoepithelial tissues injury in both human and animals (Steinberg 1997). 

Therefore, delay or prevention of LDL peroxidation is an important function of antioxidants. 

Our result showed that rSAA is LDL peroxidation inhibitor, unlike blood serum SAA 

enriched with high density lipoprotein (SAA-HDL) (Van Lenten et al. 1995). 
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Fig (13) Inhibition of linoleic acid peroxidation by rSAA protein. The rSAA from L. 
calcarifer act as a significant LDL peroxidation inhibitor (P<0.05). Each absorbance value 
represents average of triplicates of different samples analysed. 
 
K.     Protection effect of rSAA against hydroxyl radical-induced calf thymus DNA damage:  

Free radicals could damage macromolecules in cells, such as DNA, protein, and lipids in 

membranes (Lobo et al. 2010). Recombinant SAA shows protected against hydroxyl radical-

induced calf thymus DNA damages Fig (14). The blank contained calf thymus DNA only, 

and the control contained all components except rSAA. Compared to the blank and control, it 

was found that 100 μg rSAA could protect against hydroxyl radical induced calf thymus 

DNA damages during 15-min reactions. Since SAA gene rich with hydrophobic amino acids 

at C-terminal region, it is support previous study, which is the antioxidant activity of peptides 

related with the hydrophobic amino acids at the C-terminal (Li and Li 2012). 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig (14) Inhibitory effect of rSAA on hydroxyl radicals.The rSAA protein act as a protector 
against hydroxyl radical-induced calf thymus DNA damage. Sample lanes1-3 contained 2.5, 
5, and 10 mg/mL rSAA, respectively. Blank (B) contained calf thymus DNA only; while the 
control (C) contained all reaction components except rSAA. 
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Conclusion 

 In this study, SAA gene from the Asian seabass (L. calcarifer) was characterized, 

expressed and purified. The characterization of the novel SAA sequence in this work was 

completed in silico, while the expression profiles were determined for recombinant SAA 

protein and antioxidant activity assays were conducted to confirm the function of purified 

rSAA protein in vitro. The coding sequences (CDS) of SAA was generated for the first time 

from the ESTs of L. calcarifer liver cDNA library. Our analysis demonstrated that the SAA 

protein sequence  was  found  to  share  a  high  degree  of  similarities  and  highly  

conserved regions amongst the SAA sequences present in other species studied. The 

findings also showed that it is also homologous to other SAAs. From the phylogenetic 

analysis, the L. calcarifer SAA was found to be significantly distinct from the different SAA 

isoforms present in mammals and thus may be orthologous and more functionally similar to 

the SAAs of other fish. SAA gene  was  successfully expressed  and  recombinant  proteins 

purified using the pET expression system and ion-exchange chromatography, respectively. 

This method permits the production of highly purified recombinant proteins in a relatively 

convenient and economical way. Our work revealed for first time that rSAA has an in vitro  

antioxidant effect. Due to the inflammations caused by parasitic and/or bacterial infections, 

L. calcarifer is likely to endure ROS generated by metabolic processes and immune defenses 

from host. We predict that the rSAA protein in addition to it immune function it can 

significantly act as a good antioxidant against hydroxyl radicals and suppress the oxidative 

assault from host, which is make L. calcarifer alive. Our finding leading us to propose that 

the recombinant SAA may act as a potential drug for ROS-associated diseases. For 

application in the aquaculture industry, the in vivo antioxidant activity of rSAA protein 

should be performed in near further. 
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