Ecotoxicology (2007) 16:525-532
DOI 10.1007/s10646-007-0159-8

Identification of differentially expressed genes from contaminant
and thermal exposed goldfish Carassius auratus in Gaobeidian

Lake in Beijing, China

Jianshe Wang - Yanhong Wei - Xuemei Li -
Mugqi Xu - Jiayin Dai

Accepted: 13 June 2007 /Published online: 11 July 2007
© Springer Science+Business Media, LLC 2007

Abstract Gaobeidian Lake, located in Beijing, China,
derives its water mainly from the effluent of the Gaobei-
dian Wastewater Treatment Plant, which is moderately
polluted. Additionally, as this water is used as a coolant in
the nearby thermal power plant, the water of this lake has
an elevated temperature. To screen differential gene
expression in Gaobeidian Lake, suppressive subtractive
hybridization (SSH) methodology was performed on RNA
in goldfish Carassius auratus hepatic tissues from the lake,
using Huairou Reservoir as reference site. A total of 768
candidate clones were selected to perform differential
screening. Of these, 264 clones were differentially
expressed between the two sites, 124 of which were then
subjected to DNA sequencing. Consequently, 36 different
genes with known functions were obtained, and some of
these differential genes were further confirmed by semi-
quantitative RT-PCR experiments. Many genes related to
detoxification, stress and immune response, and metabo-
lism, such as glutathione S-transferase (GST), cytochrome
P450, family 2, subfamily b, polypeptide 10 (CYP2B10),
CYP2X10, o-1-antitrypsin, and apolipoprotein A-I (Apo-
Al), had higher expression levels in goldfish hepatic tissue
from Gaobeidian Lake than those from the reference site. A
set of nine genes with known functions were downregu-
lated in Gaobeidian Lake compared to the reference site.
The results provided evidence that organisms inhabiting
Gaobeidian Lake were suffering a complex stress process
and showing metabolism changes and disturbance of
homeostasis.
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Introduction

Functional genomics techniques are playing an increasing
role in mechanistic and screening studies in environmental
toxicology (Bartosiewicz et al. 2001; Hanlon et al. 2005).
However, of these techniques, the application to non-model
species, such as goldfish Carassius auratus, has to date
been limited by the comparative lack of sequence data for
these animals. Suppressive subtractive hybridization
(SSH) is a useful technique in dealing with these types of
situations, and involves hybridization of cDNA from one
sample population (tester) to an excess of mRNA from
another sample population (driver), followed by separation
of the unhybridized fraction (target transcripts differently
expressed between two transcriptomes) from hybridized
common sequences (Diatchenko et al. 1996).

Gaobeidian Lake has a catchment area of approximately
0.15 kmz, and its water source is mainly the effluent of the
Gaobeidian Wastewater Treatment Plant. Some physico-
chemical water quality data in Gaobeidian Lake are as
follows: dissolved oxygen: 3.1 £ 0.6 mg/l; suspended
solids: 16.0 £ 3.4 mg/l; total phosphorus: 2.3 + 0.7 mg/l;
total nitrogen: 27.8 + 4.4 mg/l; chemical oxygen demand:
46.3 £ 6.3 mg/l; temperature: 29.7 + 10.6°C, and pH 7.7 £
0.1, indicating that the lake water is moderately polluted.
Water in Gaobeidian Lake is also used as a coolant by the
nearby Beijing Guohua Thermal Power Plant, and then re-
turned to the aquatic environment at a higher temperature than
it was originally. Water temperatures in the lake are between
12 and 41°C, corresponding to seasonal changes, which is
approximately 5—10°C higher than the ambient temperature.
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Using the SSH method, our present study investigated
the effects of the complex environment in Gaobeidian Lake
on the global gene expression in goldfish living there.
Huairou Reservoir, a drinking water source to the north of
Beijing, was used as the reference site. Some physico-
chemical water quality data in Huairou Reservoir are as
follows: dissolved oxygen: 6.1 + 0.2 mg/l; total phospho-
rus: 0.013 = 0.005 mg/l; total nitrogen: 0.60 + 0.09 mg/l;
chemical oxygen demand: 3.0 = 0.6 mg/l. The locations of
Gaobeidian Lake and HuaiRou Reservoir in Beijing were
shown in Fig. 1.

Materials and methods
Experimental animals

Goldfish (body weight: 50.4 +4.5 g, body length:
11.9 + 0.6 cm) were caught from Gaobeidian Lake and
Huairou Reservoir on November 23, 2005. The tempera-
tures for the day of collection at the Gaobeidian Lake and
Huairou Reservoir were 20 and 4°C, respectively. Fish
were killed by a sharp blow to the head followed by
severing the spinal cord. Hepatic tissues were dissected on
ice, snap-frozen in liquid nitrogen, and stored at —80°C
until further analysis.

Total RNA extraction

Total RNA was isolated using Trizol reagent (Invitrogen,
USA) and treated with RNase-free DNase I (Qiagen, USA)
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Fig. 1 The locations of Gaobeidian Lake (GBD) and Huairou
Reservoir (HR) in Beijing. T Square: Tiananmen Square; MY:
Miyun District; CY: Chaoyang District
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to remove any remaining genomic DNA according to the
manufacturer’s instructions. Briefly, 10 pl of DNase I buf-
fer and 1 pl of DNase I (2 U) were added for every 100 pl
of RNA sample and the sample was incubated at 25°C for
10 min. RNA quality and quantity were assessed using
agarose gel electrophoresis and spectrophotometric absor-
bency at 260/280 nm. Total RNA concentrations averaged
from 700 to 3,300 ng/pl with 260/280 ratios of 2.0.

Generation of subtracted cDNA libraries

Hepatic mRNA was isolated from the total RNA using an
Oligotex mRNA Mini Kit (Qiagen, USA). For each group,
equal amounts of mRNA were then pooled from each fish
(20 fish in each group) to minimize false positives arising
from the isolation of differentially expressed genes con-
fined to individuals. Double-stranded cDNA was synthe-
sized using a cDNA synthesis kit (Takara, Japan). SSH in
forward and reverse directions was performed using the
PCR-Select cDNA Subtraction Kit (Clontech, USA)
according to the manufacturer’s protocol. The differential
PCR products obtained after two rounds of subtraction
were inserted into a pGEM-T vector (Promega, USA) and
cloned using DHS5 alpha bacterial cells.

Differential screening of the subtracted library

A total of 384 individual bacterial colonies each for for-
ward- and reverse-subtracted libraries (768 total colonies)
were individually selected with sterile toothpicks and
transferred to 96-well microplates containing LB media
with ampicillin (100 pg/ml). After overnight growth,
clones were amplified with PCR using SP6 and T7
primers, and screened for false positives with a PCR-Se-
lect Differential Screening Kit (Clontech, USA). Briefly,
the PCR products were denatured and spotted identically
on two positive-charge nylon membranes (Promega,
USA). Spotted membranes were neutralized in 0.5 M
Tris—HCI (pH 7.5), rinsed in water, and UV cross-linked.
Forward- and reverse-subtracted cDNA were labeled with
32P_dATP at 37°C for 40 min and purified using Micro-
spin G-25 columns (Amersham, USA) according to
manufacturer’s direction, and probe radioactivity was
quantified in a scintillation counter. **P-labeled library
probes were then hybridized to the subtracted clones ar-
rayed on each duplicate set of membranes. After washing,
hybridized membranes were exposed to X-ray film, and
the differentially expressed clones were selected and
individually transferred to new 96-well microplates con-
taining LB medium with ampicillin. These colonies were
re-grown overnight at 37°C with constant agitation at
250 rpm. Plasmids from the selected clones were then
isolated and purified from transformed DHS alpha
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competent cells, and sequenced on a commercial ABI
3730 capillary sequencer.

Database and sequence analyses

A total of 124 subtracted clones were sequenced. Obtained
sequence data were compared to National Center for Bio-
technology Information (NCBI) nucleotide and protein
databases using the Basic Local Alignment Search Tool
(BLAST) program. Sequence reads with E < 0.05 were
assigned putative identities, all others were assumed to
have no significant match with known sequences in NCBI
databases.

Reverse transcription and semiquantitative PCR

Hepatic tissue samples from 20 fish from each site were
randomly pooled into three groups (n =7, 7, 6). RNA

isolation was performed as described in section “Total
RNA extraction.” Aliquots of 1 ng of total isolated RNA
were used to synthesize the first-strand cDNA with M-
MuLV reverse transcriptase (New England Biolabs, UK)
and oligo (dT);s primer (Promega, USA). Conditions for
reverse transcription were as follows: 60 min at 42°C,
followed by 5 min at 98°C. To confirm the differential
screening result, nine candidate genes were selected to
perform semiquantitative PCR, including warm tempera-
ture acclimation-related 65 kDa protein (wap65), glutathi-
one S-transferase (GST), cytochrome P450, family 2,
subfamily b, polypeptide 10 (CYP2B10), Kallikrein-like
gene, o-1-antitrypsin, apolipoprotein C-I precursor (Apo-
CI), fetuin-B, apolipoprotein A-I (Apo-Al), and fibrinogen
B beta polypeptide. fS-actin served as an internal RNA
control. Nucleotide sequences of all the primers and the
amplified sizes are listed in Table 1. PCR was performed
using 1 U of Taq DNA Polymerase (New England Biolabs,

Table 1 PCR primers for

. . . Gene name
amplification of candidate

Sequence

Product size (bp)

differential expressed genes Wap65

Sense primer
Antisense primer
GST
Sense primer
Antisense primer
CYP2B10
Sense primer
Antisense primer
Kallikrein-like gene
Sense primer
Antisense primer
o-1-antitrypsin
Sense primer
Antisense primer
Apo-CI
Sense primer
Antisense primer
Fetuin-B
Sense primer
Antisense primer
Apo-Al
Sense primer
wap63: warm temperature Antisense primer
acclimation-related 65 kDa
protein; GST: glutathione S-
transferase; CYP2B10:
cytochrome P450, family 2, ]
subfamily b, polypeptide 10; B-actin
Apo-CI: apolipoprotein C-I Sense primer
precursor; Apo-Al:
apolipoprotein A-I

Fibrinogen, B beta polypeptide
Sense primer

Antisense primer

Antisense primer

5’-AGATGCTGCCTTTGTGTGTG-3’

5’-CCTGTGCTGTTCAGGCATTA-3’ 247
5-TTTTCTGCTGCAGGTTGTTG-3’
5’-ACATGGAGACATCGTCGTGA-3’ 155
5-AAATGTGGAGTCCTCGTTGG-3’
5-TTGCTTCCCATCATCAAACA-3’ 192
5-GGCCAAAGTCCCTTAGTGTG-3’
5-CAGCAGTGGTGTTGACAGGT-3’ 192
5’-ATCTGCTGCGTCACTGAATG-3’
5-GGTGCCCTACAAAGGCAATA-3’ 229
5-GAAGACCAAGACCACCTTCG-3’
5-TGACATGATTGAAGGGACGA-3’ 164
5-AGGACGAGACCCATGAACAC-3’
5-CTTGTCAGGGAAGGATGGAA-3’ 194
5-TCAACTGGGAGGAGACCAAG-3’
5-TGCCCAACTCTTCCATCTTC-3’ 201
5-GTTACCGGGGAAGACCAACT-3’
5-GGGTCAGCTCTTCCACAGAT-3’ 209
5’-GGCCTCCCTGTCTATCTTCC-3’
5-TTGAGAGGTTTGGGTTGGTC-3’ 156
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UK) at a final concentration of 1xX PCR buffer as formu-
lated by New England Biolabs, with 250 pM of dNTP and
0.5 uM of each primer set in a total volume of 20 pl.
Different cycles were performed, and a cycle number
within the exponential phase of the amplification curve was
chosen for quantifying the expression of each gene in
subsequent experiments. The amplification cycles for
wap65, GST, CYP2B10, Kallikrein-like gene, o-1-anti-
trypsin, Apo-CI, Fetuin-B, Apo-Al, Fibrinogen, B beta
polypeptide, and f-actin were 28, 30, 30, 30, 28, 30, 30, 30,
28, and 25, respectively. PCR conditions consisted of 94°C
for 2 min, followed by 25-30 cycles (according to linear
phase of genes) of 94°C for 30 s, 58°C for 30 s, and 72°C
for 30 s, with a final extension period of 72°C for 5 min.
PCR products were run on a 2% agarose gel containing
ethidium bromide. Band densities of the resulting products
were measured using Bandleader Software, and all values
are expressed as mean + SE of 3 independent experiments.
The significance of differences between two groups was
calculated by a two-tailed Student’s ¢ test, and P < 0.05
was considered significant.

Results and discussion

Although some physicochemical and thermal data are al-
ready known in Gaobeidian Lake, the physiological and
biological influences of the complex environmental stres-
ses on the aquatic species living in the lake need further
study. This study detected the global transcriptional chan-
ges of goldfish hepatic tissue in Gaobeidian Lake by SSH,
using goldfish in the Huairou Reservoir as a reference.

Subtractive hybridization is an attractive method for
cloning enriched differentially expressed genes. After two
rounds of subtraction, the equalized cDNA was ligated to
plasmid DNA and used in transformations with DHS alpha
competent cells. In order to reduce the false positive results
of SSH, following transformation, 768 candidate bacterial
clones were isolated and subjected to the differential
screening method. Based on hybridization results using
forward- and reverse-subtracted probes, 264 clones were
shown to be differently expressed between the two groups
(either >3-fold increase or <33% decrease). Of those, 124
clones were subjected to DNA sequencing, and some of
these sequenced clones represented fragments of the same
genes. Consequently, the total number of differential genes
represented by these clones was 45. Of those, 36 could be
tentatively matched to genes with known functions. Among
this set of genes, 27 are more prominent in the Gaobeidian
Lake (Table 2) and 9 in the reference site, Huairou Res-
ervoir (Table 3).

To further confirm the differential screen results, nine
genes were selected to perform semiquantitative RT-PCR
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experiments. f-actin was used as internal control in each
PCR experiment. As shown in Fig. 2, 8 of the 9 candidate
genes showed a clear differential expression between the
two groups by semiquantitative PCR, and the changes were
in agreement with the differential screening results, while
gene Apo-CI precursor showed no statistical difference
between the two groups by this method.

Goldfish, a kind of eurythermal fish, inhabit environ-
ments in which temperature varies widely and fluctuates
seasonally from near 0 to 30°C (Hirayama et al. 2004;
Kikuchi et al. 1995). Goldfish living in Gaobeidian Lake
can tolerance higher temperature, and this heat tolerance is
a complex trait. Many researches have focused on the
mechanisms of thermotolerance which organisms acquire
when subjected to a non-lethal high temperature for a few
hours before encountering heat shock conditions (King
et al. 2002; Weibezahn et al. 2004). Our study may char-
acterize genes responsive to acclimation to long-term
elevated temperatures and will be helpful in understanding
the molecular mechanisms of thermotolerance and the
complex interactions between the rigorous environment
and the organisms living there.

Our SSH and RT-PCR results showed that wap65
mRNA was dominantly expressed in Gaobeidian goldfish.
cDNAs encoding wap65 were first cloned from warm
temperature acclimated goldfish (Kikuchi et al. 1993), and
its up-regulated expression in thermal stress was confirmed
in other teleost fishes (Hirayama et al. 2003; 2004). The
isolation of wap65 from goldfish exposed to elevated
temperature with forward subtraction can be seen as
additional evidence for the success of the SSH technique.
The deduced amino acid sequence of wap65 showed about
30% homology to mammalian hemopexins, a serum gly-
coprotein that transports heme from hemolysis to the liver,
however, its function is not yet clear (Kikuchi et al. 1995;
Delanghe and Langlois 2001). Interestingly, wap65 was
also expressed in goldfish following intra-administration of
the bacterial pathogen, lipopolysaccharide (LPS) (Kikuchi
et al. 1997), a potent inducer of immune responses,
implying that wap65 may have functions in self defense
mechanisms as well as acclimation to warm temperature.

Enzymes involved in hepatic biotransformation play a
key role in elimination and detoxification of foreign com-
pounds. Genes encoding GST, CYP2B10, and CYP2X10
were also isolated by SSH. GSTs, distributed in all
eukaryotes and in many prokaryotes, are a family of multi-
functional enzymes involved in the cellular detoxification
and excretion of a variety of xenobiotic substances (Hayes
and Pulford 1995; Leaver et al. 1997; Eaton and Bammler
1999; Pham et al. 2004). In mammals, GST enzymes have
been well characterized, and are known to catalyze
S-conjugation between the thiol group of GSH and an
electrophilic moiety in hydrophobic toxicants. Although
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Table 2 The upregulated sequences in goldfish hepatic tissues from Gaobeidian Lake compared with that from reference site (Huairou reservoir)
confirmed by differential screening and sequencing (sequences showing no similarity to genes with known functions are not included)

GenBank No. Organism Definition

XM_694143 Danio rerio PREDICTED: similar to Apolipoprotein C-I precursor (Apo-CI) (ApoC-I) (LOC570638), mRNA

AF274054 Pimephales promelas  Glutathione S-transferase mRNA, partial cds

BC049404 Danio rerio Phosphoglycerate mutase 1, mRNA (cDNA clone IMAGE:5604254), partial cds

BC067645 Danio rerio Ribosomal protein S2, mRNA (cDNA clone MGC:85824 IMAGE:6962406), complete cds

BC062289 Danio rerio Ribosomal protein S18, mRNA (cDNA clone MGC:77944 IMAGE:7000924), complete cds

BC083473 Danio rerio Apolipoprotein A-I, mRNA (cDNA clone MGC:103718 IMAGE:7265411), complete cds

AY789109 Homo sapiens Interleukin 3 receptor, alpha (low affinity) (IL3RA) gene, complete cds

AF457150 Carassius auratus Transferrin variant B mRNA, complete cds

NM_001002307  Danio rerio Retinol binding protein 2b, cellular (rbp2b), mRNA

AY461434 Cyprinus carpio Uncoupling protein 1 (UCP1) mRNA, complete cds

AY561513 Danio rerio Ribosomal protein S29 (rps29) mRNA, complete cds

XM_681934 Danio rerio PREDICTED: similar to Ferritin heavy chain (Ferritin H subunit) (Proliferation-inducing gene 15
protein) (LOC558688), mRNA

D50437 Carassius auratus mRNA for warm temperature acclimation-related 65-kDa protein, complete cds

BC098550 Danio rerio Ribosomal protein L23a, mRNA (cDNA clone MGC:110139 IMAGE:7288150), complete cds

XM_703004 Danio rerio PREDICTED: similar to Ribosomal protein L13a, transcript variant 2 (LOC560828), mRNA

AY773183 Carassius auratus 14 kDa apolipoprotein mRNA, complete cds

AY254171 Cyprinus carpio Kallikrein-like gene, partial sequence

NM_005659 Homo sapiens Ubiquitin fusion degradation 1 like (yeast) (UFDI1L), transcript variant 1, mRNA

L08689 Cyprinus carpio o-1-antitrypsin mRNA, complete cds

AY117540 Cyprinus carpio Clone cL41a ribosomal protein L41 mRNA, complete cds

XM_684858 Danio rerio PREDICTED: similar to LOC402847 protein (LOC561454), mRNA

XM_678035 Danio rerio PREDICTED: similar to CYP2B10 protein (LOC555510), mRNA

AB007005 Cyprinus carpio Bf/C2B mRNA for complement factor B/C2B, complete cds

ABO016211 Cyprinus carpio mRNA for complement C3-H1, complete cds

U57388 Carassius auratus Cytochrome C oxidase subunit III mRNA, mitochondrial gene encoding mitochondrial protein,
partial cds

AY704452 Carassius auratus Cytochrome oxidase subunit II gene, partial cds; mitochondrial

AY825256 Danio rerio Cytochrome P450 CYP2X10 mRNA, complete cds

Table 3 Downregulated sequences in goldfish hepatic tissues from Gaobeidian Lake compared with those from Huairou reservoir, confirmed by
differential screening and sequencing (sequences showing no similarity to genes with known functions are not included)

GenBank No.  Organism Definition

BC064000 Danio rerio Ceruloplasmin, mRNA (cDNA clone MGC:77935 IMAGE:7000725), complete cds

AJ843092 Platichthys flesus mRNA for 40S ribosomal protein S18 (rps18 gene)

BC044525 Danio rerio Uridine phosphorylase, like, mRNA (cDNA clone MGC:55883 IMAGE:3818682), complete cds
NM_212618 Danio rerio Chymotrypsinogen B1 (ctrbl), mRNA

DQ193534 Carassius auratus Fetuin-B mRNA, complete cds

XM_683888 Danio rerio PREDICTED: hypothetical protein LOC560483 (LOC560483), mRNA

AYS561516 Danio rerio Ribosomal protein L13 (rpl13) mRNA, complete cds

DQ020100 Ctenopharyngodon idella  Intelectin mRNA, complete cds

NM_212774 Danio rerio Fibrinogen, B beta polypeptide (fgb), mRNA

GSTs in fish have not been characterized to the extent of
their mammalian counterparts, all fish species examined to
date have been shown to have GST catalytic activity and

express soluble hepatic GST isoforms with some structural
similarity to the rodent GSTs (Trute et al. 2006). The
cytochrome P450s (P450s) in mammals constitute a
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Wap65
GST

CYP2B10

Kallikrein-like gene

Alpha-1-antitrypsin
Apo-CI

Fetuin-B

Apo-Al

Fibrinogen, B beta polypeptide

Beta-actin

Relative mRNA levels

Fig. 2 RT-PCR screen for differential expression of candidate genes.
(A) Semi-quantitative PCR was performed on cDNA from goldfish
hepatic tissues in Gaobeidian Lake (GBD) and in the reference site,
Huairou Reservoir (HR). PCR products were run on a 2% agarose gel
containing ethidium bromide. The representative ethidium bromide
stained gels are shown. (B) The density of electrophoretically
separated PCR products was determined using Bandleader Software
and normalized for f-actin (25 cycles) levels. Each value represents
the mean + SE of 3 independent experiments. The “*” and “**”
denote statistical significance (P < 0.05 and P < 0.01 respectively). 1:
warm temperature acclimation-related 65 kDa protein (wap65); 2:
glutathione S-transferase (GST); 3: cytochrome P450, family 2,
subfamily b, polypeptide 10 (CYP2B10); 4: Kallikrein-like gene; 5:
o-1-antitrypsin; 6: apolipoprotein C-I precursor (Apo-CI); 7: Fetuin-
B; 8: apolipoprotein A-I (Apo-Al); 9: Fibrinogen, B beta polypeptide

superfamily of heme-containing mono-oxygenases that
play a central role in the detoxification of xenobiotics, as
well as in the metabolism of endogenous compounds such
as steroids, fatty acids, and prostaglandins (Nelson et al.
1996, 2004; Nebert and Russell 2002). The up-regulation
of GST, CYP2B10, and CYP2X10 mRNA expression can
be considered as an adaptive response to xenobiotic
exposure. The up-regulation of those genes in Gaobeidian
Lake indicate that goldfish living in the lake are suffering
pollutant stresses, and the functional studies of these en-
zymes will allow a more detailed characterization of the
effects of toxic stresses.
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Many different expression genes with known functions
in our SSH library were metabolism-related, such as Apo-
Al, phosphoglycerate mutase 1, and retinol binding protein
2b. It is well known that an increase in environmental
temperature seriously reorganizes intermediary metabolism
and changes chemical composition, particularly the relative
levels of different kinds of lipids (Rau et al. 2004). In our
subtractive library, several lipid metabolism-related genes,
such as Apo-Al, Apo-CI precursor, and 14 kDa apolipo-
protein, were found to be significantly up-regulated in
Gaobeidian goldfish as compared with Huairou goldfish.
The up-regulation of these transcripts indicates that under
the complex environment in Gaobeidian Lake, the animals
may have higher lipid metabolism levels. Phosphoglycerate
mutase 1, a glycolysis related gene, also had an elevated
expression level in goldfish from Gaobeidian Lake, how-
ever, other metabolism related genes, such as nucleotide
metabolism related gene, uridine phosphorylase, and pro-
teolysis related gene, chymotrypsinogen B1 had lower
expression levels in this environment.

Another group of differentially expressed genes with
known functions were “acute phase response” genes, such
as ceruloplasmin, transferrin variant B, ferritin heavy
chain, fibrinogen gamma polypeptide, «-1-antitrypsin, and
complement components. The acute-phase response is the
reaction of the animal to disturbances in its homeostasis
caused by tissue injury and inflammation, and is highly
conserved in evolution (Molmenti et al. 1993; Pfeffer et al.
1993). One of its characteristics is the alteration of the
concentration of a variety of hepatocyte-derived acute-
phase proteins in blood. These proteins function as trans-
port molecules, participate in tissue repair, mediate or in-
hibit inflammatory processes, and are part of the
mechanism that controls homeostasis (Steel and Whitehead
1994). The altered expression of these genes in Gaobeidian
Lake goldfish may function as an indicator of stress reac-
tions which the organisms inhabiting the lake are suffering.
Although the induction of acute-phase proteins is generally
considered an adaptive response that restores homeostasis,
persistent exposure to elevated water temperature or xe-
nobiotics may lead to discordant changes of this response
and alter the immune system of the fish (Bly and Clem
1992; Prophete et al. 2006). In our study, this phenomenon
seemed to be appearing. Generally, when suffering acute
stresses, the expression of transferrin is downregulated,
while ceruloplasmin transcripts are elevated. However, in
our present study, the mRNA expression changes of these
two genes were opposite of the ordinary reactions, there-
fore, we speculate that persistent thermal and toxic stresses
may impact the immune systems of animals living in Ga-
obeidian Lake, and thereby lower their resistance.

We isolated many genes differentially expressed in
goldfish living in Gaobeidian Lake compared with the
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reference site, and these results are crucial in understanding
the biological and physiological changes of aquatic species
in this complex environment. However, the enrichment of a
target gene by SSH is greatly influenced by its concentra-
tion and the concentration ratio between tester and driver
(Ji et al. 2002). Due to this methodological limitation, low
abundance genes such as transcription factors, cytokines,
and receptors which have low expression levels but may be
key regulators of many pathological processes were seldom
detected in this study. Additionally, though many hundreds
of clones were isolated, only a subset were chosen for
sequencing, therefore, a number of potentially important
products may have been missed.

Conclusion

In summary, to examine the physiological and biological
changes occurring in the complex environment of Ga-
obeidian Lake, the global gene expression of goldfish
inhabiting the lake were investigated by SSH and differ-
ential screening. About 36 genes with known functions
were identified to be differentially expressed in goldfish
hepatic tissue in Gaobeidian Lake compared with the ref-
erence site, Huairou Reservoir. Many of these genes were
associated with stress and immune response (such as acute
phase response proteins ceruloplasmin, complement com-
ponents, transferrin, and o-1-antitrypsin), detoxification
(GST and CYP450 family proteins), and metabolism (Apo-
Al, Apo-CI precursor, phosphoglycerate mutase 1, uridine
phosphorylase, and chymotrypsinogen B1). The results
provide evidence that organisms inhabiting Gaobeidian
Lake are suffering a complex stress process. The persistent
stresses may lead to alterations in metabolism, disturbance
of homeostasis, and impacting the immune systems of
aquatic species living in this environment.
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