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Introduction 

Interleukin-1β(IL-1β) is a cytokine playing the

central role in vertebrate immune system, and a

member of interleukin 1 family known as multifucn-

tional cytokines, such as IL-1α, IL-1 receptor antag-

onist, and IL-18. The diverse biological effect of IL-

1βon most cells and organ systems in mammals are

also well known. In addition to systemic effects such

as fever induction, its major function is an early ini-

tiator of inflammatory and immune responses in a

cascade of the expression of a number of cytokines

in many cells (Dinarello, 1984). One of its main

immunological activities is the stimulation of T

helper cells inducing secretion of IL-2 and expres-

sion of IL-2 receptors (Smith et al., 1980).

Comparing to a remarkable number of researches

concerning IL-1βin mammals, only few studies

have been done in non-mammalian species includ-

ing fish. Clem et al.(1985), revealed that super-

natant from LPS-stimulated monocytes of channel

catfish had IL-1-like bioactivity allowing mitogen-

induced proliferation and antigen-induced antibody

production in macrophage-depleted lymphocytes.

The secretion of an IL-1-like factor was also report-

ed in carp macrophages and neutrophils (Verburg

Van Kemenade et al., 1995), carp epithelial cell

lines (Sigel et al., 1986) and macrophage cell lines

(Weyts et al., 1997). In addition, the IL-1βgene was

cloned and sequenced in several fish species includ-

ing rainbow trout, Atlantic salmon, plaice and carp

(Secombes et al., 1998; Bird et al., 1998; Zou et al.,

1999; Fujiki et al, 1998). 

Recently, tilapia IL-1βgene has been cloned and
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analysed its expression by Lee et al. (2006). How-

ever, its biological effect has not been studied yet.

Due to the absence of isolated native IL-1βfrom

fish, in this study, recombinant tilapia IL-1β(rIL-1

β) was produced and its biological activity was

investigated by assessing IL-1βgene expression

induced by rIL-1βin tilapia head kidney cells.

Materials and Methods

Production of recombinant tilapia IL-1ββ

The plasmid vector was constructed to express

mature IL-1βwith 6-histidine tag at N-terminus,

which makes it easy to purify recombinant protein

by binding to charged Ni metal, and the plasmid

was transformed into E. coli cells. The E. coli was

subcultured in 20ml of terrific broth (TB) medium

containing ampicillin (50μg/ml) overnight at 37 oC

in a shaker (200rpm), then cultured in 500ml TB

medium for 4 hours, and incubated with IPTG

(0.05mM) for 2 hours at 30 oC. The E. coli was har-

vested by centrifugation at 4 oC, resuspended in 6ml

of lysis buffer (50mM Tris-Cl, pH 8, 500mM NaCl,

5mM MgCl2, 10% Glycerol, 0.1% NP-40), and

sonicated on ice to release accumulated recombi-

nant protein in the cytoplasm. Induction of recom-

binant protein was confirmed by SDS-PAGE analy-

sis of induced and uninduced bacterial cell suspen-

sion. Once the induced recombinant protein

appeared on SDS-PAGE gel was observed, the cell

lysate was applied to NTA column equillibrated

with lysis buffer. Proteins lacking histidine tag were

washed out by buffers containing 20 to 30 mM of

imidazole, and the recombinant protein bound to

the affinity column resin was eluted by 50 to 250

mM of imidazole. The protein concentrations of

eluted fractions were determined by BCA method,

and the size and purity of the eluted protein were

confirmed by SDS-PAGE. 

Western blot analysis
Induction of his tagged recombinant protein was

also confirmed by western blot analysis using a his-

tidine specific Ni-NTA-HRP conjugate. Cell lysate

was separated by SDS-PAGE and blotted onto a

nitrocellulose membrane (Amersham). The blot

was blocked with 5 % skimmed milk overnight,

washed three times for 10 min with PBS (pH 7.4)

containing 0.1% tween 20 (Sigma), and incubated

with Ni-NTA-HRP (horseradish peroxidase) conju-

gate (Qiagen) at 1/200 dilution for 1 h. The reaction

was visualised by the tetramethylbenzidine (TMB)

substrate (Sigma) and photographed using a digital

camera (Olympus). 

Tilapia head kidney cell cultures
Head kidney was aseptically taken out from

anaesthetised fish, and washed several times with

L-15 medium (Leibovitz, Gibco) to remove blood.

Leukocytes enriched total head kidney cells were

prepared by pushing head kidney through a 100 μ

m-sized nylon mesh, then washed by centrifugation

at 1600 rpm for 10min at 4oC, and suspended in L-

15 medium containing antibiotics. 

Stimulation of cells 
For the gene induction experiment, freshly pre-

pared head kidney cells were adjusted to 105

cells/ml, and stimulated with poly I:C (1μg/ml, Sig-

ma), different dose (10, 2, 1 μg/ml) of rIL-1βor

without any stimulant in cell culture dish in 5ml to-

tal volume at 22 oC for three hours. Head kidney

cells were also incubated with elution buffer used

for the elution of rIL-1βto test whether the elution

buffer can affect the biological activity of rIL-1β.

Three dishes of cell culture were used for each ex-

perimental condition. Poly I:C (polyinosinic:poly-

cytidylic acid) is a synthetic double stranded RNA

and used as a positive control since it is known to
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induce IL-1βgene expression in fish head kidney

cells.

Preparation of total RNA
Total RNA was extracted by using Trizol (Invit-

rogen) according to the manual. Briefly, the cell

were homogenized in Trizol by repeated pipetting,

extracted with 0.2 volume of chloroform, then pre-

cipitated with equal volume of chilled isopropanol,

and washed by 75% chilled ethanol. The RNA pel-

let was resuspended in DEPC (diethyl pyrocarbon-

ate)-treated water and stored at -80oC. The concen-

tration was determined by UV spectrophotometry.

Reverse transcription
Reverse transcription to cDNA was carried out as

described by Laing et al. (1996). Briefly, 3 μg RNA

in 13 μl DEPC-water was incubated with 1 μl of

oligo (dT)12-18 (500 μg/ml, Promega) for 10 min at

70 oC. Then, 1 μl of Moloney Murine Leukemia

Virus (MMLV) reverse transcriptase (Promega), 4 μ

l 5X first strand buffer (Promega), 1 μl of 10 mM

dinucleoside triphosphate (dNTP) mix (Promega)

were added and the mixture incubated at 42 oC for

1.5 h. The reaction was terminated by heating to 94
oC for 15 min and after cooling, 30 μl of DEPC-

water was added to make up the volume to 50 μl.

The resulting cDNA was stored at -20 oC.

Q-PCR analysis of Gene expression
PCR reactions were performed in 50 μl reactions

containing 2 μl of cDNA, 2.5 μl (25pmol) of each

primer, μl of 10X reaction buffer (160 mM

(NH4)2SO4, 670 mM Tris-HCl, 0.1 % Tween-20,

pH8.8, Promega), 1 μl dNTP mixture (2.5 mM for

each base, Promega), 2. μl of MgCl2 (50 mM,

Promega) and 0.2 μl (1.25 U) of Taq polymerase

(Promega), using a thermocycler (Px2, Thermo). 

For each amplification procedure, a negative con-

trol was run using sterile water instead of cDNA

template, to ensure that any amplified products gen-

erated from cDNA samples were not a result of any

contamination i.e. DNA from pipettes or air. The

PCR products were resolved on a 2% (W/V)

agarose gel containing 0.1μg/ml ethidium bromide,

using an UVP system to catch the images. To con-

firm successful isolation and reverse transcription

of RNA from the cells, β-actin was used as a posi-

tive control for PCR, since the gene encoding β-

actin is highly conserved and expressed constitu-

tively in most cells. 

To determine expression of tilapia IL-1βmRNA

in isolated head kidney cells, quantitative real-time

PCR (Q-PCR) reactions were carried out using the

ABI 7900 HT real-time thermocycler (Applied

Biosystems), using the SYBR Green detection sys-

tem (Applied Biosystems). Gene-specific primers

were chosen using Primer Express software

(Applied Biosystems) to span exons in order to

avoid co-amplification of genomic DNA: tilapia IL-

1β, sense primer 5́ -AGGTCAAACTGGAGCG-

CAAA -3́ , anti-sense primer 5́ -GCCAGGTGGT

GGAAG TGTGT-3́ and tilapia β-actin; sense

primer 5 -́CAGTGAAAAGATGACCCAGAT

CAT-3 ,́ anti-sense primer: 5 -́ACCATCACCG-

GAGT CCATGT-3́ . Q-PCR was performed in

duplicate in 20 μl reaction mixtures using the fol-

lowing protocol: 50 °C for 2 min; 95 °C for 10 min;

40 cycles of 95 °C for 15 s, 60 °C for 1 min, fol-

lowed by a final stage of 95 °C for 15 s, 60 °C for

15 s; and 95 °C for 15 s. The linearity of the dissoci-

ation curve was analyzed using the ABI 7900 HT

software and the mean cycle time of the linear part

of the curve was designated cycle time (Ct). Each

sample was analyzed in duplicate and normalized to

β-actin using the following equation: CtGENE =

CtGENE - Ctβ-actin. The fold change of IL-1βgene

expression relative to β-actin was calculated using
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the following equation: CtGENE= CtGENE of the

control - CtGENE of each sample. Values are mean

fold change ± SD.

Results

Production of rIL-1ββin E. coli cells
The recombinant tilapia IL-1βwas produced in E.

coli cells based on pQE vectors, SDS-PAGE analy-

sis of the whole cell lysate from induced or unin-

duced cells showed the expression of recombinant

protein only in induced cells (Fig.1A). Western blot

analysis was also performed using HRP (horserad-

ish peroxidase) conjugated Ni-NTA specifically

binding to histidin and confirmed that the induced

protein is tagged by histidin (Fig 1B). Once the

expression of his-tagged recombinant protein was

verified, Ni-NTA metal affinity chromatography

was used to purify recombinant protein, SDS-

PAGE analysis of purified recombinant protein

exhibiting a single band of about 25kDa protein

(Fig. 2). This is in close agreement with 25.4 kDa

predicted by the cDNA sequence. 

Bioactivity of recombinant IL-1ββ(rIL-1ββ))

It was shown that the positive control, poly I:C,

significantly increased IL-1βgene expression in

tilapia head kidney cells after 3 hours incubation.

Cells incubated with rIL-1βat the various doses of

10, 2, 1 μg/ml showed a dose dependent increase in

mRNA levels (Fig. 3). The cells treated with 10 μ

g/ml of rIL-1βshowed a significantly higher IL-1β

gene expression than 2 and 1 μg/ml treated cells

while similar to the positive control. There was no

significant difference between 2 and 1 μg/ml treated

cells in the IL-1βgene expression level (Fig. 3).

Indeed, the elution buffer showed no effect on IL-1β

gene expression in tilapia head kidney cells since the

expression level was similar to the negative control. 

Discussions

IL-1βis a β-trefoil tertiary structured protein lack-

ing a signal peptide. Biologically inactive precursor

(31kDa) is cleaved to active mature peptide

(17kDa) by ICE (IL-1 converting enzyme), a major

protease released at inflammatory sites, that cleaves
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Fig. 1. Induction of recombinant protein was assessed by SDS-PAGE
(A) and western blot (B) analysis. Transformed bacterial cells were
induced (I) or uninduced (U) by 1mM IPTG and the cell lysates were
subjected to SDS-PAGE and western blot analysis. Markers (Mr.) rep-
resent the proteins sized at 100, 70, 50, 40, 30, 20 and 15 kDa from the
top. The predicted size of the recombinant IL-1βis 25kDa.

Fig. 2. SDS-PAGE analysis of purified recombi-
nant tilapia IL-1βusing Ni-NTA affinity chro-
matography. Lane 1: flow-through, lane 2: wash,
lane 3-4: eluted rIL-1β, lane 5: markers (100, 70,
50, 40, 30 and 20 kDa).
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after an aspartic acid (i.e. a caspase) (Jobling et al.

1988). In mammals, it has been known the basic

biologic properties of IL-1βis the effects on the

expression of various genes, especially associated

with inflammation and immune response including

IL-1βitself, by inducing the transcription or

increasing the steady-state mRNA levels. 

IL-1βwas the first cytokine gene found in fish.

Secombes et al. (1998) sequenced the cDNA com-

plete coding region of rainbow trout IL-1βfor the

first time out with mammals. The first fish cytokine

was produced as a recombinant protein in E. coli

cells and its biological activities were assessed by

analysing the induction of gene expression after

stimulating rainbow trout cells with rIL-1βin vitro

and in vivo (Hong et al., 2001, 2003).

In this study, the recently cloned tilapia IL-1βwas

produced as a recombinant protein to test its biologi-

cal activity in immune system of tilapia. For this,

tilapia rIL-1βwas expressed in E. coli, purified

using affinity column, and studied its bioactivity in

tilapia head kidney cells in vitro. IL-1βgene induc-

tion was observed as indicator gene of a bioassay to

test the bioactivities of rIL-1βsince the autocrine

effect of IL-1βis known in mammals and previous

studies reported that IL-1βgene expression was

induced by rIL-1βin rainbow trout (Dinarello, 1984,

Hong et al., 2001 and 2003). Consequently, IL-1β

gene induction were observed by increased mRNA

level in primary head kidney cells after stimulating

with polyI:C and rIL-1β. It was demonstrated that

rIL-1βincreased IL-1βgene expression in dose

dependent manner. This is in agreement with other

study demonstrated by Waner et al. (1987) that

recombinant human IL-1β (1-100ng/ml) induced

concentration dependent increases in IL-1βmRNA

levels in human saphenous vein endothelial cells. 

In conclusion, the present study demonstrated

that the produced rIL-1βinduced IL-1βgene

expression as well as mammalian IL-1βknown as

an important cytokine in mammalian immune sys-

tem and as a potential immune adjuvant. 
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