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By differential proteomics analysis, it was found that the expression level of IDH3 (Isocitrate

dehydrogenase 3 ) in mouse liver was significantly increased under the stress of Aflatoxin B1. To
validate the result of differential proteomics analysis, fluorescence quantitative PCR was used to detect

the changing trend of idh3 mRNA volume induced by Aflatoxin B; in mouse liver. The result showed

that the expression volume of idh3 mMRNA showed an increasing trend with the increase of Aflatoxin B1
concentration, which corresponded with the result of differential proteomics analysis. The protokaryon
expression vector for idh3 was constructed in the study with pET28a as a recipient plasmid. The
expression vector (pET28a-idh3 ) was used to transform BL21, after which the positive expression
strain (Escherichia coli BL21/pET28a-idh3 ) was induced to express with 100 mmol/L IPTG under 28°C
for 4 h, and the prokaryotic expression product of IDH3 was successfully detected by SDS-PAGE
electrophoresis. The molecule structure of IDH3 was predicted by bioinformatics analysis, and the
results showed that the total number of negatively and positively charged residues were 42 and 39,
respectively. Five hydrohpobic domains were predicted in the protein, and its average hydrophobicity
was -0.069. There was 43% - helix and 20% -pleated sheet in the molecule, and the tertiary structure of
IDH3 was constituted by 12 - helices and 12 -pleated sheets. Based on the results of bioinformatics
analysis, the fragments of 1- 17 and 112-123 residues of IDH3 were selected as candidates for further
effective polyclonal antibody preparation. The results of this study paved way for further exploration of

the role of idh3 in the process of liver carceration induced by Aflatoxin Bj.
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INTRODUCTION

Aflatoxins are one of the secondary metabolites produced ~ Which have been found. Aflatoxin By (AFB31), which is one
by toxigenic fungi, such as Aspergillus flavus and kind of aflatoxin, belongs to the liver toxin. Evidence
Aspergillus parasiticus, through polyketide pathway. It is showed that the dose of AFB; in food positively
more toxic and carcinogenic and more harmful to human correlated with the number of hepatocelluar carcinoma
and animals than that of any other natural contaminant case. The possibility of AFB1 inducing liver cancerating
(10 g per day) is 75 times as much as that of
dimethylnitrosamine (750 g per day) (Leema et al., 2010;
Chanda et al., 2009; Yin et al., 2008; Wild et al., 2010;
*Corresponding author. E-mail: wshyyl@sina.com. Tel: +86 Wogan et al., 1966). For the fact that it was thought to be
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concentration of AFB; was intaken for a long time with
food, the International Agency for Research on Cancer
(IARC) of the World Health Organization (WHO) classi-

fied AFB1 as a class 1 carcinogen (Shephard et al., 2003;
Williams et al., 2004; IARC, 2002).

IDH3 (NAD-specific isocitrate dehydrogenase, NAD-
IDH) is a mitochondria protein by which isoceitrate was
catalyzed and oxidized to -ketoglutarate in the citric acid
cycle, and is found as a heterotetramer with 2 subunits, 1
subunit, and 1 subunit (Hartong et al., 2008; Hartong et
al., 2008; Ramachandran, 1980). IDH3 was found to be
downregulated in hCG (human chorionic gonadotropin)
induced ovulation in bovine granulosa cells of dominant
follicles by the method of SSH (suppression subtractive
hybridization), which implied that IDH3 might play a role
in the process of follicular growth, ovulation and
luteinization (Ndiaye et al., 2005). It was found that cells
from Retinitis pigmentosa which affected individuals had
a significant decrease in IDH3 activity, whereas the
activity of NADP- IDH (IDH2) was found to be normal;
thus, the findings suggested that the retina has a parti-
cular requirement for IDH3 (Hartong et al., 2008).

By the method of differential proteomics analysis and
real-time PCR, the over-expression of IDH3 was found to
reduce the differentiation of PC12 cells, which implied
that IDH3 played a role in neuronal differentiation (Cho et
al., 2010). It was concluded from our previous differential
proteomics analysis that in the effect of AFB;1 to mice
liver, IDH3 was obviously up-regulated with the increase
of the intaking amount of AFB1. According to the result, it

was conjectured that IDH3 may play a critical role in the
process of liver pathological change or even cancerating

under the press of AFB;. To further test the foregoing
result, the changing trend of idh3 mRNA volume in

mouse liver under the press of AFB1 was detected by
fluorescence quantitative PCR. In the study, protokaryon
expression system for idh3 was esta-blished, too. The
study paved the way to elucidate the function of idh3 in

the carcerating process of liver under AFB1 stimulation.

MATERIALS AND METHODS
Reagents and apparatus

The reagents used in this study are: fluorescence quantitative PCR
kit (purchased from TaKaRa); Reverse transcription kit (purchased
from Promega); Trizol extraction kit (purchased from Intrigen);
Restriction enzymes, T4 DNA ligase, reagents for PCR (10xTaq
Buffer, dNTP, Tag DNA polymerase, and so on) and real-time
quantitative PCR kit (purchased from TaKaRa); CIP alkaline
phosphatase (purchased from NEB); DNA gel extraction kit
(purchased from OMEGA); Single-strand cDNA synthesis kit
(purchased from Promega); and Kanamycin, ampicillin and
isopropyl- -D-thiogalactopyranoside (IPTG) (purchased from
Amesco). The other chemical reagents used were of analytical
grade. Primers were synthesized by Shanghai Sangon Co., Ltd,
while the sequence was analyzed by Shanghai Yingjun
Biotechnology Co., Ltd.

Experimental materials

A total of 17 male Kunming mice (20 to 25 g per mouse) were
purchased from Fujian Medical University. BL21 (DE3) and
pET28a(+) were preserved by our lab. The concentration of AFB1
was 10 g/mL in 5% propanediol solution.

Treatment of mice

After a week’s feeding, 14 Kunming mice were divided into 5
groups. The negative control group included two mice which were
injected intraperitoneally with 300 | of 5% propanediol every other
day for 4 weeks; while the first, second, third and fourth test group
included three mice each, which were injected intraperitoneally with
300 | AFB1 of 5% propanediol solution every other day for 4 weeks,
3 weeks, 2 weeks and 1 week, respectively.

RNA extraction

The liver separated from mice was taken into RNA-enzyme- free
glass homogenizer, and was transferred to RNA-enzyme-free 1.5
mL Eppendorf tube after grinding on ice with 1 mL Trizol. The tube
was shaken after 200 L chloroform per 1 mL Trizol was added, then
it was centrifuged at a speed of 12000 r/min for 15 min at 4°C,
before the supernatant was transferred to a new non- RNA-enzyme
1.5 mL Eppendorf tube. Isopropyl alcohol was added into the tube
at a ratio of 500 L per 1 mL Trizol and the solution was mixed by
shaking the tube upside down. After stirring for 10 min, it was
centrifuged at the conditions of 12000 r/min for 15 min at 4°C, and
the supernatant was discarded. The sediment was washed by 80%
icy ethanol, and then centrifuged at 12000 r/min for 5 min under
4°C, after which the supernatant was removed. After the Eppendorf
tube was put upside down and blown by sterile wind for 15 min, 50
L DEPC treated water was added to dissolve the extracted RNA, 5
L of which was used to detect RNA purity, while the other amount of
treated water was kept under -80°C for the synthesis of the first
strand of cDNA.

The synthesis of the first strand of cDNA

Single-stranded cDNA was synthesized according to two- step
protocol in the reverse transcription kit from Promega, and was kept
under -20°C.

Gene amplification for idh3

The primers with conserved sequence were designed according to
the cDNA sequence of idh3 from GeneBank (sense: 5’
TATTGAATTCTACGCGATGGCGGGT 3, antisense: 5
TGGCAGGGTCGACAAGTCTTTGACTCTA 3’). There are restrict-
tion enzyme sites, EcoRIl and Sall, in the up and down-stream,
respectively. The volumes for samples added in PCR reaction were
same as those provided in the foregoing. The PCR programme
was: 94°C for 5 min, 94°C for 45 s, 57°C for 45 s, 72°C for 1 min,
30 cycles, and extension at 72°C for 5 min. The PCR results were
detected by agarose gel electrophoresis, and the corresponding
gene fragment was purified by gel extraction purification.

Construction of prokaryotic expression vector pET28a-idh3

The plasmids, pET28a and idh3 , were double digested by EcoRI and
Sall, respectively, after which they were purified by gel extraction purifi-

cation. After the double-digested pET28a and idh3 were linked, the



Table 1. Primers used in the study of fluorescence quantitative PCR.

Primer name Primer sequence T (°C) Length of product Amplified gene
gapdh
F 5 -ACCCGACCTACCCCTACT-3 64 378 bp gapdh
R 5 - CATCCCTCCCACAAAGC-3
idh3
F 5 -GCCCATTCCACGACGACCAA-3 64 256 bp idh3
R 5 -TAGCACCGCCACTGCCATCC-3

the recombinant plasmid was transformed into BL21. The positive
colonies (E. coli BL21/pET28a-idh3 ) were tested by double
digestion via restriction enzyme (EcoRl and Sall), and was
sequenced by Shanghai Yingjun Biotechnology Co., Ltd.

Prokaryotic expression for idh3

The single colony of the strain, E. coli BL21/pET28a-idh3 , and the
negative control strain E. coli BL21/pET28a, were cultured respec-
tively. After the ODsoo of the culture was between 0.4 and 0.6, the
IPTG was added to a final concentration of 100 mmol/L. Then, the
culture was induced to be expressed under 28°C for 4 h, before it
was detected by SDS-PAGE electrophoresis.

Fluorescence quantitative PCR

The primers were designed with the assistance of the software,
Primer 5.0, and are shown in Table 1. Reagents preparation for
quantitative PCR (total volume: 20 L) is shown as follows: ddH20
(8.5 L), 2xEXTaqg mix (10.0 L), 0.5 L up and down-stream primers,
respectively; and 0.5 L template and standard templates which
were 5, 25, 125, 625 and 3125-fold diluted respectively by sterile
water. Moreover, the PCR program was: Line 1 - 95°C for 30 s; Line
2 - 95°C for 8 s; Line 3 - 64°C for 30 s; Line 4 - Plates read: GOTO
Line 2 for 39 times, while the melting curve from 65 to 95°C was
read at every 0.2°C for 2 s. When the method of Real Time RT-
PCR is used to calculate gene expression volume, it is necessary to
choose a housekeeping gene ( gapdh was chosen in this study) as
reference to normalize the test gene - idh3 (the correction of the
RNA volume of idh3 ), by which the expression level of idh3 from 5
different samples is compared. The standards of five concen-tration
levels which were diluted from the sample were used to produce
two standard curves for target and housekeeping gene,
respectively. After the reactions of the original samples and
standards, the initial template amount of the target and house-
keeping gene could be calculated when the Ct volume of the target
or housekeeping gene was substituted in the standard curve of the
target gene or housekeeping gene, respectively. Then all the
samples were normalized by the corresponding housekeeping gene
through a division of the quantitative results of the target gene by
that of the housekeeping gene. Thus, idh3 expression volume
among the five samples was compared. To make the comparison of
the gene expression volume between samples to be easier, the
expression level of idh3 in the control group was taken as “1”, after
which the relative amounts among the five samples were
compared.

Bioinformatics analysis for IDH3

The tool, ProtParam (http://us.expasy.org/tools/protparam.html/), in
ExPASy was used to analyze the negatively and positively charged
residues of IDH3 , the stability index of IDH3 and the hydropho-
bicity of IDH3 . In addition, the simulative construction of the
secondary and tertiary structures of IDH3 was implemented with the
tool of Swiss-Port database (http://expasy.org/sprot/) by homology
modeling algorithm.

RESULTS

Gene cloning for idh3

AFB1 injected mice were anatomized and its liver was
dissected, from which the total RNA was abstracted. The
first strand cDNA was synthesized in accordance with the
instruction in the reverse transcription kit from Promega,
after which idh3 was amplified with the first strand cDNA
as the template. Finally, 5 L idh3 amplification product
was analyzed with the standard DL-2000 Marker by 1%
agarose gel electrophoresis. The result of the electropho-
resis is shown in Figure 1, in which there is a 1100 bp
sized fragment that is consistent with the expected size.
The result indicated that the amplification for gene idh3
was successful.

The construction of prokaryotic expression vector
pET28a-idh3

The restriction enzyme sites of EcoRI and Sall was
added to the 5 and 3’ ends of gene idh3 respectively,
with idh3 cDNA as the template amplified by the corre-
sponding primers. The pET28a and the gene idh3 with
two inducted restriction enzyme sites were recovered
after double digestion by EcoRI and Sall, after which they
were connected by T4 ligase. Then, the recombinant
plasmid was transformed into E. coli BL21. The
kanamycin positive clones of E. coli BL21/pET28a-idh3
was further identified by double digestion with restriction
enzyme digestion, EcoRI and Sall, and was sequenced
by Shanghai Yingjun Biotechnology Co., Ltd. The results
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Figure 2. The SDS-PAGE analysis for the expression of IDH3 .
Line 1: protein Marker; Line 2: E. coli BL21/pET28a(+) was
induced by IPTG; Line 3: E. coli BL21/pET28a(+)-idh3 was
induced by IPTG.

indicated that the sequence of idh3 was correct, and that
idh3 was inserted into the vector.

The prokaryotic expression for gene idh3

The E. coli BL21 strain with the identified expression
vector (pET28a-idh3 ), and the strain with the empty
vector (pET28a) were inducted to express at a final
concentration of 100 mmol/L IPTG for 4 h, respectively.
After induction, the pellet of E. coli BL21 cells was used
to perform SDS-PAGE electrophoresis. The result
indicated that a band of about 43 kDa which was identical
with the theoretical value of IDH3 was found in the lane

of the strain with expression vector, while no corres-
ponding band was found in the lane of the control strain
(Figure 2), which indicated that IDH3 was successfully
expressed.

Detection of the changing trend of idh3 expression
level by fluorescence quantitative PCR

The solution for fluorescence quantitative PCR was pre-
pared, and idh3 and gapdh were amplified according to
the aforementioned process, after which the amplification
curves of idh3 were produced. The standard curves of
idh3 and gapdh were obtained, and it was seen that the
standard curve for the reference gene, gapdh, was y =
0.2846x-4.10, while that for the target gene, idh3 , was y
= 0.2805x%-5.15. Thus, the correlation coefficient for the
standard curves of both genes were greater than 0.98
and their amplification efficiency was between 0.8 and
1.2. The relative quantification for idh3 is shown in Table
2, and was calculated from the Ct value of the respective
samples according to the algorithms introduced in
“materials and methods”. However, the dynamic changing
trend of idh3 is shown in Figure 3, according to the data
given in Table 2. The results showed that the expression
volume of idh3 increased along with the elongation of the
treating time of mice by AFBj;. These results
corresponded to the result of our previous study through
the method of differential proteomics analysis.

Bioinformatics analysis for IDH3

Analyzing IDH3 by the tool of ProtParam, it was predict-
ted that the total number of negatively charged residues
was 42 (Asp + Glu), and that of the positively charged
residues was 39 (Arg + Lys). The instability index of IDH3
was computed as 39.90 which meant that the protein was
stable. There were 5 hydrohpobic domains predicted by
the tool of ProtParam, and the average predictive value
for IDH3 hydrophobicity was -0.069 (Figure 4). The
results of the secondary and tertiary struc-ture prediction
by molecular simulation in Swiss -Port data base showed
that there were 43% -helix (159 residues) and 20% -
pleated sheet (73 residues) in IDH3 , while the tertiary
structure of IDH3 was constituted by 12 - helices and 12 -
pleated sheets (Figures 5 and 6).

DISCUSSION

There are two ways to verify the difference expression
protein discovered by proteomics: one is to directly test
the changing trend of these proteins in the treating
process, while the other is to validate the changing trend
of these proteins indirectly (Ren et al., 2010). Immuno-
histochemistry is usually used in the former way, in



Table 2. The relative quantification of target genes.

Week
Primer

2 3 4

idh3 1.000

4. 857

5.185 7.591 11. 862

Relative volume

Treating weeks

Figure 3. The dynamic map of the idh3 .

which the labeled antibodies of corresponding protein
were prepared and used to detect the change of the
protein’s volume directly by reacting with tissue slices (Li
et al., 2008). The changing trend of mMRNA expression
volume could be used as an indicator for the changing
trend of corresponding protein, so fluorescence quanti-
tative PCR was always used in the latter way (Deepak et
al., 2007; Sharpe et al., 2008). The latter method is more
convenient and time saving, so it was chosen to verify the
result of previous proteomics analysis in the study. To the
up-regulated protein, if its mRNA expression volume
increased after AFB1 injection, the result of previous
proteome analysis could be confirmed; but if the volume
of MRNA did not change after AFB; injection, which could
not prove the validity of the result of proteome analysis,
the protein expression volume could be improved by
increasing the half-life of its mRNA. In this study, fluore-
scence quantitative PCR was carried out with the liver
sample taken from mice injected intraperitoneally with
AFB; to detect the changing trend of idh3 mRNA. The

result showed that with extension of the AFB1 exposure
time, the amount of idh3 mRNA tended to increase, which
was consistent with the previous proteomic results. The
result of the fluorescence quantitative PCR analysis
confirmed that the expression volume of the protein, IDH3
, could be induced by AFB1 . Thus, under the press of
AFBj, the expression volume of IDH3 would increase.

It was reported that IDH1 and IDH2 had a close
relationship with tumor (Ward et al., 2010; Watanabe et

al., 2009), but there were no reports about the
relationship between IDH3 and cancer. According to the
“Warburg hypothesis”, the cancer is quite different from
normal cells in the aspect of metabolism, which means
that high rates of aerobic glycolysis are maintained in
cancer cells, and even the partial pressure of oxygen is
as high as 20% (Warburg et al.,, 1956; Kondoh et al.,
2005; Dang et al., 1999). Moreover, IDH3 is a
mitochondria protein (Hartong et al., 2008). According to
the hypothesis, the expression level of IDH3 should be
decreased, but the result of the research was just
opposite to it. Palmfeldt et al. (2009) found that when
fibroblast cultures were cultivated in galactose medium, a
metabolic stress and mitochondria number appeared to
be maintained, whereas the expression volume of some
proteins were altered. NAD-dependent isocitrate
dehydrogenase (IDH3 ) of the TCA cycle was observed
with a 26% increment, and it was one of the cellular
strategies used to cope with the altered energy
metabolism (Palmfeldt et al., 2009). It was reported that
the transcription hypoxia-inducible factor 1 (HIF- 1) was
implicated in tumor angiogenesis and tumor -cell glycol-
lysis. Proline hydroxylases that suppress the expression
of (HIF-1) require -ketoglutarate as a substrate.
Therefore, the inactivation of IDH could promote the
accumulation of HIF-1 (Thompson et al., 2009). So it tips
that the over-expression of IDH3 may be a mechanism

for cells to suppress canceration under AFB; stress, but
the exact role of IDH3 in the process of carcinogenesis
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Figure 4. Hydrophobicity analysis of IDH3 .

under the stress of AFB1 needs further study. Our
lab plan was to use immunohistochemical and
immunoprecipitation techniques to further clarify
the function of IDH3 in mice under the press of

AFB;. For this purpose, a prokaryotic expression
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system for idh3 was constructed, and IDH3
was successfully expressed.

To further improve the titer of anti- IDH3 poly-
clonal antibody, bioinformatics analysis was
carried out in the experiment to predict the residue

charge character, stability, hydrophobicity, and
secondary and tertiary structure of IDH3 . An ideal
epitope is generally subjected to the following
features: (1) Hydrophilic fragment; (2) Accessible
fragment (most of the antibodies are
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Figure 5. Prediction for secondary structure of IDH3 . 43% -helix (12 helices; 159 residues); 20% -pleated sheet (12 strands; 73

residues).

bound only the surface part of the protein); (3) It is
generally believed that beta-turns are more likely to be
epitopes because they always appear on the protein
surface, but the structure of alpha-helix and beta-pleated
sheet are more rigid, in that they are difficult to be bound
by antibodies; so, in normal condition, they are not to be
considered as epitopes; and (4) The N- and C-terminal of
a protein are always good choices to be consider as
epitopes (Bartlett et al., 2003). Based on these principles,
the fragment of 1-17 and 112-123 residues of IDH3 were
selected as candidates for further effective poly-clonal
antibody preparation. The results of Bioinformatics

analysis would be helpful in anti-IDH3 polyclonal anti-
body preparation, which would avail the further clarifi-
cation of the role of IDH3 in AFB1 carcinogenesis of mice
liver. These works laid a solid foundation for further
research, including the changing model of IDH3 and the
field of searching interacting proteins of IDH3 .
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Figure 6. Prediction for tertiary structure of IDH3 .
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