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A B S T R A C T

Rac1 and Rac2, belonging to the small Rho GTPase family, play an important role during the immune responses.
In this study, a Rac1 homolog (CsRac1) and a Rac2 homolog (CsRac2) were cloned from the Cynoglossus semi-
laevis. The full-length of CsRac1 and CsRac2 cDNA was 1219 bp and 1047 bp, respectively. Both CsRac1 and
CsRac2 contain a 579 bp open reading frame (ORF) which encoding a 192 amino acids putative protein. The
predicted molecular weight of CsRac1 and CsRac2 was 21.41 kDa and 21.35 kDa, and their theoretical pI was
8.50 and 7.91, respectively. Sequence analysis showed that the conserved RHO domain was detected both from
amino acid of CsRac1 and CsRac2. Homologous analysis showed that CsRac1 and CsRac2 share high conservation
with other counterparts from different species. The CsRac1 and CsRac2 transcript showed wide tissue dis-
tribution, in which CsRac1 and CsRac2 exhibit the highest expression level in liver and gill, respectively. The
expression level of CsRac1 and CsRac2 fluctuated in the liver and gill tissues at different time points after
challenged by Vibrio harveyi. Specifically, CsRac1 and CsRac2 were significantly up-regulated at 48 h and 96 h
post injection. Moreover, the knocking down of CsRac1 and CsRac2 in cell line (TSHKC) reduced the expression
of CsPAK1, CsIL1-β and CsTNF-α. The present data suggests that CsRac1 and CsRac2 might play important roles
in the innate immunity of half-smooth tongue sole.

1. Introduction

The mammalian Rho GTPases consist of twenty-two homologous
proteins, which can be divided into eight subgroups: Rho (RhoA, RhoB,
RhoC), Rac (Rac1, Rac2, Rac3, RhoG), Cdc42 (Cdc42, TC10, TCL, Chp,
Wrch-1), Rnd (Rnd1, Rnd2, Rnd3/RhoE), RhoD (RhoD, Rif), RhoH/TTF,
RhoBTB (RhoBTB1, RhoBTB 2) and Miro (Miro-1, Miro-2) [1]. Similar to
other reported GTPases, Rho GTPases act as molecular switches cycling
between the inactive GDP-bound state and active GTP-bound state
[2,3]. Their activity was affected by GTPase-activating proteins, gua-
nine-nucleotide-exchange factors and guanosinenucleotide-dissociation
inhibitors [4]. Rho small GTPases participated in many important cel-
lular processes, such as cytoskeletal organization, transcription, cell
proliferation, differentiation, phagocytosis and NADPH oxidase acti-
vation [5–10]. In addition, they play important roles in the infection
process of different pathogens [11].

As a subfamily of Rho GTPases, Rac (ras-related C3 botulinum toxin
substrate) consists of four members, including Rac1, Rac2, Rac3 and
RhoG. Among them, the Rac1 is ubiquitously expressed and shares 92%
amino acid identity with hematopoietic-specific Rac2 [12]. It has been
widely reported that Rac1 and Rac2 participated in the host's immune
response against bacterial infection. Rac1 and Rac2 play important rols
both in humoral and cellular immune responses, in which, they could
regulate B cell homotypic adhesion and Ig class switching [13], T-cell
development [14], phagocytic ability of phagocytic cells [15] and so
on.

The function of Rac GTPases has been fully studied in mammals, but
few researches have been done in teleost. Rac1 has only been cloned
and functionally characterized in Ctenopharyngodon idella [16], Scoph-
thalmus maximus [17], Danio rerio [18] and Pseudosciaena crocea [19];
Rac2 has only been cloned and functionally characterized in Lar-
imichthys crocea [20]. Except in zebrafish, all of the Rac1 transcripts
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showed wide tissue distribution and were fluctuated by bacteria or
PAMPs stimulations. It was elucidated that Rac1 could activate NF-kB
signaling [16]. qRT-PCR revealed that Rac2 of L. crocea expressed in all
detected tissues and its expression in liver, spleen and head-kidney was
up regulated obviously after stimulated by LPS, polyI: C or Vibro
parahaemolyticus [20]. Above all, it has been speculated that both Rac1
and Rac2 would participate in the immune responses and play a crucial
role in defence against bacteria and virus. However, it still has no re-
search on Rac1 and Rac2 of Cynoglossus semilaevis.

The half-smooth tongue sole (C. semilaevis) is a kind of sea fish with
high economic value in the aquaculture industry in northern China.
However, with the increasing scale and intensification of aquaculture,
the diseases are becoming more and more serious. In this study, the
cDNA sequences of C. semilaevis Rac1 and Rac2 (named CsRac1 and
CsRac2) were identified and characterized. Their amino acid sequences
were compared with other known counterparts. The relative expression
of CsRac1 and CsRac2 in a variety of tissues were analyzed.
Furthermore, the time-dependant expression pattern of CsRac1 and
CsRac2 after challenged with V. harveyi were examined both in liver
and gill tissues.

2. Materials and methods

2.1. Animal and RNA extraction

The healthy C. semilaevis used in this research were collected from
Huanghai Aquaculture Company (Haiyang, Shandong, People's
Republic of China). The experimental fish were approximately 1.5 years
old with an average length of 30.3 cm and an average weight of 250 g.
The fish were acclimatized for 7 days before the experiments. The
TRIzol reagent (Life Technologies) was used to extract the total RNA of
different tissues. RNA quality was measured by agarose gel electro-
phoresis. The concentration of RNA was assessed by spectrophotometer
at 260 nm absorbance.

2.2. Cloning full-length of CsRac1 and CsRac2

The complete cDNA sequences were obtained with the Rapid am-
plification of the cDNA ends (RACE) method. Gene specific primers

were designed based on the corresponding EST sequences. Primer
Premier 5.0 software was used to design gene specific primers. For 5′-
RACE, amplification was performed with CsRac1-5′-RACE-R1 or
CsRac2-5′-RACE-R1 and Universal Primer A Mix (UPM) (Table 1). For
3′-RACE, the PCR reactions were conducted with CsRac1-3′RACE-F1 or
CsRac2-3′RACE-F1 and UPM (Table 1). The PCR products were cloned
into pEASY-T1 vector (Trans, China) and sequenced by Ruibo Bio-
technology Company.

2.3. Bioinformatic analysis

In order to identify the nucleotide and amino acid sequence simi-
larities, cDNA sequences of CsRac1 and CsRac2 were blasted against
NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The ORF
Finder (http://www.ncbi.nlm.nih.gov/orffinder/) was used to identify
the ORF and the SMART (http://smart.embl-heidelberg.de/) was used
to predict their functional domains. The Chou & Fasman Secondary
Structure Prediction Server (http://www.biogem.org/tool/chou-
fasman/) was applied to predict their secondary structures. Three di-
mensional (3D) structures were predicted by the Swiss-Model
Workspace (https://swissmodel.expasy.org/) and then evaluated by
Swiss-PdbViewer. Multiple sequences alignment was performed using
the DNAMAN program. A neighbor-joining phylogenetic tree was
constructed based on the amino sequences alignment by MEGA 5 pro-
gram.

2.4. Tissue distribution of CsRac1 and CsRac2

The mRNA expression level of CsRac1 and CsRac2 in different tis-
sues were determined by qRT-PCR, in which six tissues (liver, spleen,
kidney, brain, gill and intestine) were extracted from 3 untreated fish.
The first-strand cDNA was synthesized using PrimeScript™ 1st Strand
cDNA Synthesis Kit (Takara). Two pairs of primers (CsRac1-RT-F1,
CsRac1-RT-R1 and CsRac2-RT-F, CsRac2-RT-R) (Table 1) were designed
to quantify CsRac1 and CsRac2, respectively. Beta-actin expression le-
vels were used as internal control. SYBR® Premix Ex Taq TM II (Tli
RNaseH Plus) (Takara) was used to conduct the qRT-PCR experiment.
The relative copy number of CsRac1 and CsRac2 were calculated fol-
lowing the 2-△△Ct method. Statistical analysis was performed using
SPSS software (Ver11.0). All data were given as Mean ± S.E. Statistical
significance was set at P < 0.05, which was determined by one-way
ANOVA.

2.5. Expression profiles after V. harveyi challenge

In this experiment, the bacteria V. harveyi were isolated from dis-
eased fish and kept in our laboratory. In brief, the bacteria were in-
cubated to mid-logarithmic stage at 28 °C in tryptic soy broth (TSB)
medium, then collected by centrifugation and re-suspended in PBS. To
determine the expression profiles of CsRac1 and CsRac2 following an
immune challenge, fish were injected individually with 50 μl live V.
harveyi suspension (1.0×104 cells/ml). Liver and gill tissue samples
from 3 fish were isolated at 0, 12, 24, 48, 72 and 96 h post-injection.

2.6. Expression profiles of immune related genes after RNA interference of
CsRac1 and CsRac2

The siRNAs specific for CsRac1 and CsRac2 were synthesized by
Ribobio Corporation (Guangzhou, China), and the sequences are shown
in Table 1. Cell line (TSHKC) from head kidney of half-smooth tongue
sole in a 24-well plate (1× 105/well) were transfected with 100 nmol

Table 1
Primers used in this research.

Primer Sequence (5′ – 3′)

CsRac1-5′RACE-R1 GCGTTGGTGGTGTAGCTGATAAGAAGACA
CsRac2-5′RACE-R1 GGCTCACCAGGGAGAAGCAGATTAGGA
CsRac1-3′RACE-F1 AGCTGGACCTGAGGGACGACAAGG
CsRac2-3′RACE-F1 CGTCCTACGAGAACGTCAGAGCAAAGTG
CsRac1-RT-F1 GCCGAGACAAACAGAGGGAAAG
CsRac1-RT-R1 TCAACCATCACATTGGCAGAGTAG
CsRac2-RT-F1 GAGGGCAAAGAGCGCAGA
CsRac2-RT-R1 CAGAGTAGTTGTCAAATACAGTAGGAATGTA
Beta-actin-F GCTGTGCTGTCCCTGTA
Beta-actin-R GAGTAGCCACGCTCTGTC
siRNA-CsRac1 AGTCCAGCTTCCTTCGAAA
siRNA-CsRac2 ACAACTACTCTGCTAACGT
CsPAK1-F1 CTGGAGATGGATGTGGAGAAGAG
CsPAK1-R1 AGGAGTGAGACTGGAGAGAGGCT
CsIL-1b-F1 GAAGTGACGACCTGAGATTTTTGT
CsIL-1b-R1 TCCTTGGCTGTGCTGATGAAC
CsIFNa3-F1 GTCTTGTTGGTTTGCCTCTTCCT
CsIFNa3-R1 GCAGAATCTTTATCTGCCTGACTGTAG
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of siRNA and 3 μl riboFECT™ CP transfection reagent. The control group
was transfected with negative control siRNA. After 30 h, the cells were
treated with TRIzol Reagent (Life Technologies). Then, the total RNA
was extracted and the first-strand cDNA was synthesized. The RNAi
efficiency and expression profiles of immune related genes (CsPAK1,
CsIL1-β and CsTNF-α) were detected by qRT-PCR. Gene specific primers
were designed by Primer Premier 5.0 software (Table 1).

3. Results

3.1. Cloning and characterization of CsRac1 and CsRac2

The full-length of CsRac1 cDNA (GenBank accession No.
MH085219) was 1219 bp, containing a 272 bp 5′-untranslated region

(UTR) and a 368 bp 3′-UTR with a poly(A) tail. The ORF of CsRac1 was
579 bp, encoding a protein of 192 amino acids with a calculated mo-
lecular weight of 21.41 kDa and a theoretical pI of 8.50. There is 21
negatively (Asp + Glu) charged residues and 26 positively (Arg + Lys)
charged residues. Sequence analysis indicated that the CsRac1 protein
contains a conserved RHO domain (residues 6–179), which is the sig-
nature of Rho GTPase subfamily member (Fig. 1A). CsRac1 protein was
a nontransmembrane protein without signal peptide (Fig. S1 A and S2
A). Secondary structure predicted that CsRac1 was a mixed protein
which contained 67.7% alpha helix, 42.2% beta pleated sheet and
13.0% beta turn (Fig. S3 A). 3D molecular modeling of CsRac1 was
generated based on template of 2rmk.1.A (Fig. S4 A). CsRac1 showed
94.79% consistency with its template. 192 atoms were involved in the
calculation and the root mean square deviation of two superposed

Fig. 1. Nucleotide and deduced amino acid sequence of CsRac1 (A) and CsRac2 (B). The numbers on the left represent the nucleotide and deduced amino acid
sequences. The letters in boxes indicate the start codon (atg), the stop codon (tag or taa) and the polyadenylation signal sequences (aataaa). The conserved RHO
domain is shaded.
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structures was 0.13 Å.
The full-length of CsRac2 cDNA (GenBank accession No.

MH085220) was 1047 bp, containing a 43 bp 5′- UTR and a 425 bp 3′-
UTR with a poly(A) tail. The ORF of CsRac2 was 579 bp, encoding a
protein of 192 amino acids with a calculated molecular weight of
21.35 kDa and a theoretical pI of 7.91. There is 22 negatively
(Asp + Glu) charged residues and 24 positively (Arg + Lys) charged
residues. CsRac2 protein also contains a conserved RHO domain (re-
sidues 6–179) (Fig. 1B), which is identical in length to the RHO domain
of CsRac1. Similar with CsRac1, CsRac2 protein also belongs to a non-
transmembrane protein without signal peptide (Figs. S1 B and S2 B).
Based on the calculation, CsRac2 protein contained 64.6% alpha helix,
42.7% beta pleated sheet and 13.0% beta turn (Figs. S3 B). 3D mole-
cular modeling of CsRac2 was generated based on template of 1ds6.1.A
(Fig. S4 B). CsRac2 showed 94.79% consistency with its template. 181

atoms were involved in the calculation and the root mean square de-
viation of two superposed structures was 0.06 Å.

3.2. Multiple sequence alignment

Homology analysis revealed that CsRac1 shared relative high iden-
tities (96%) with Rac1 of Takifugu rubripes, Stegastes partitus,
Hippocampus comes, Maylandia zebra, Neolamprologus brichardi, and so
on. CsRac2 shared relative high identities with Rac2 of Paralichthys
olivaceus (99%), Lates calcarifer (97%), Stegastes partitus (97%) and
Mesocricetus auratus (96%).

Meanwhile, a multiple sequence alignment revealed that RHO do-
main was existed in all aligned Rac, which support the conclusion that
Rac1 and Rac2 are highly conserved in different organisms (Fig. 2).

Fig. 1. (continued)
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3.3. Phylogenetic analysis

A neighbor-joining phylogenetic tree was constructed based on the
deduced amino acid sequences of CsRac1, CsRac2 and other counter-
parts. In general, Rac1 and Rac2 proteins were clustered separately and
formed two separated subgroups (Fig. 3). Phylogenetic tree revealed
that, CsRac1 first clustered with Rac1 of S. partitus and Nothobranchius
furzeri, while CsRac2 first clustered with Rac2 of P. olivaceus.

3.4. Tissue distribution of CsRac1 and CsRac2

qRT-PCR was performed to detect different tissue distributions of
CsRac1 and CsRac2. CsRac1 showed the highest expression level in the
liver tissue, followed by gill, and less expression in the spleen, brain,
kidney, and intestine (Fig. 4A). CsRac2 transcript was most abundant in
gill, with a moderate expression in spleen and kidney, fewer expression
in liver, brain and intestine (Fig. 4B).

3.5. Expression pattern of CsRac1 and CsRac2 after bacteria challenge

Based on the results of tissue distribution, we analyzed the temperal
expression of CsRac1 and CsRac2 in liver and gill in response to pa-
thogenic challenge. Liver and gill were sampled at 0, 12, 24, 48, 72 and
96 h after V. harveyi challenge. We found the relative expression of
CsRac1 and CsRac2 showed certain regularity (Fig. 5). In liver tissue,
CsRac1 was up-regulated to the highest level at 48 h after V. harveyi
challenge and then gradually declined and leveled off. Meanwhile, the
CsRac2 also firstly up-regulated at 48 h, subsequently down-regulated
at 72 h, and finally peaked at 96 h (Fig. 5A). In the gill, the transcript
level of CsRac1 and CsRac2 showed the same trend. After 12 h post-
infection, the mRNA level of CsRac1 and CsRac2 presented a slight
reduction and then raised to the highest level at 48 h, and then pre-
sented a fluctuated decrease at 72 h followed by an increase trend at
96 h.

Fig. 2. Multiple sequence alignment of CsRac1 and CsRac2 with other counterparts. The RHO domain is shown in the red open boxes. The identical amino acid
residues are shaded in black and marked with lowercase letters. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)
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3.6. Decreased expression of CsPAK1, CsIL1-β and CsTNF-α in CsRac1 or
CsRac2 silenced cell line

qRT-PCR analysis indicated that the expression levels of CsRac1 and
CsRac2 were significantly reduced after interfered by related siRNA
(Fig. 6). The expression of CsRac1 and CsRac2 decreased 27.6% and
18.5%, respectively. Following the silence of CsRac1 and CsRac2, the
expression of CsPAK1, CsIL1-β and CsTNF-α were reduced relative to
the control group. In CsRac1-silenced group, the expression of CsPAK1,
CsIL1-β and CsTNF-α decreased 43.5%, 57.2% and 29.4%, respectively
(Fig. 7A). In CsRac2-silenced group, the expression of CsPAK1, CsIL1-β
and CsTNF-α decreased 39.9%, 31.1% and 20.1%, respectively
(Fig. 7B). These results suggest that CsRac1 and CsRac2 may regulate
the expression of CsPAK1, CsIL1-β and CsTNF-α.

4. Discussion

Although Rac1 and Rac2 counterparts from humans were often re-
ported, they have only been identified and analyzed in few kinds of fish.
Discovering new Rac GTPases from more kinds of fish and studying
their immune functions will help to understand the immune process of
the aquatic vertebrate. In our study, the CsRac1 and CsRac2 were
identified and characterized from C. semilaevis. In order to understand
their potential roles during hosts' immune process, their cDNA se-
quence, sequence similarity, tissue distribution, mRNA transcriptional

profiles after bacterial infection and their effects on expression of other
immune genes were detected.

We successfully identified the CsRac1 and CsRac2 genes of C.
semilaevis. Sequence analysis identified that both CsRac1 and CsRac2
proteins contain a conserved RHO domain, which is the signature of
Rho GTPase subfamily member [21] (Fig. 1) (Fig. 2). The conserved
RHO domain of Rac are involved in Rac/p67phox complex formation
and NADPH oxidase, and could be divided into N-terminal (residues
22–45) and C-terminal (residues 143–175) [22]. It has been reported
that Rac1 and Rac2 defend against bacterial infection by activating
NADPH oxidase from which reactive oxygen species will generated
[23,24]. The binding of Rac with p67phox is a crucial step during the
assemble and activation of the NADPH oxidase [25–27]. In the Rac/
p67phox complex, interaction between Rac and the β hairpin insertion of
p67phox accounts for most of the contacts, including interaction of Ala-
159Rac/Arg-102p67, Leu-160Rac/Arg-102p67, Asn-26Rac/Arg-
102p67, Ser-22Rac/Arg-102p67, Gln-162Rac/Asn-104p67/Asn-26Rac,
Thr-25Rac/Asp-108p67; besides, the other direct hydrogen bonds in-
clude interaction of Gly-30Rac/Asp-67p67 and Glu-31Rac/Ser-37p67
[22]. As shown in Fig. 3, all of the residues, involved in the interface of
Rac/p67phox complex, are conserved between Rac1 and Rac2, based on
which it was speculated that there is not any significant discrimination
between Rac isoforms by p67phox [22].

In mammals, while Racl and Rac2 proteins shared 92% homology,
there are distinct differences in their tissue distributions [28]. Rac1 is

Fig. 3. Phylogenic analysis of CsRac1 and CsRac2 with
other counterparts. Numbers at branch nodes represent
the confidence level of 1000 bootstrap replications.
CsRac1 and CsRac2 are labeled with a red triangle. The
accession number of T. rubripes Rac1, S. partitus Rac1, H.
comes Rac1, M. zebra Rac1, N. brichardi Rac1, Esox lucius
Rac1, Nothobranchius furzeri Rac1, Salmo salar Rac1,
Monopterus albus Rac1, Clupea harengus Rac1, P. olivaceus
Rac2, L. calcarifer Rac2, S. partitus Rac2, M. auratus Rac2,
Seriola dumerili Rac2, Fundulus heteroclitus Rac2, Mus
musculus Rac2, Sarcophilus harrisii Rac2, Nothobranchius
furzeri Rac2, Oryctolagus cuniculus Rac2, Equus caballus
Rac2 and Monodelphis domestica Rac2 was XP_
003961381.1, XP_008301663.1, XP_019726715.1, XP_
004562402.1, XP_006801016.1, XP_010904265.1, XP_
015801124.1, XP_014049576.1, XP_020471550.1, XP_
012694380.1, XP_019958218.1, XP_018540852.1, XP_
008279161.1, XP_005067017.1, XP_022620149.1, XP_
012705002.1, NP_033034.1, XP_003771174.1, XP_
015824205.1, XP_002723584.1 and XP_001500843.1,
XP_001366660.1, respectively. (For interpretation of the
references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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widely distributed, whereas expression of Rac2 is mainly restricted to
hematopoietic tissues [29]. However, in this research, both CsRac1 and
CsRac2 were expressed in all detected tissues, including liver, spleen,
kidney, brain, gill and intestine (Fig. 4). Similar researches have been
reported in Rac1 from C. idella [16] and S. maximus [17], and Rac2 from
L. crocea [20], in which their transcripts showed wide tissue distribu-
tions. In teleosts, Rac1 and Rac2 exhibited a relative higher expression
level in immune-related tissues, for example, Rac1 of C. idella [16], S.
maximus [17] and Rac2 of L. crocea [20] showed the highest expression
level in the liver, gill and head-kidney, respectively. Similarly, the
highest expression level of CsRac1 and CsRac2 was in liver and gill
tissue, respectively. Given the role of Racl and Rac2 in the host's im-
mune response, we speculate that the high expression of CsRac1 and
CsRac2 in the immune related tissues may be conducive to the pro-
tection of half-smooth tongue sole against external invasion. In addi-
tion, their different tissue distributions maybe related with their distinct
functions in regulation of actin cytoskeleton, chemotaxis, gene tran-
scription, cell growth and so on [30–35].

The time-course analysis showed that CsRac1 and CsRac2 were
significantly up-regulated in the liver and gill after challenged by V.
harveyi (Fig. 5). We found that the expression level of CsRac1 and
CsRac2 peaked at 48 h or 96 h. In other teleost, Rac1 and Rac2 also

presented fluctuation in immune related tissues, and most of them were
dramatically up-regulated [16,17,20]. On the one hand, we speculate
that both CsRac1 and CsRac2 play important roles during immune re-
sponses. The transcription level of CsRac1 and CsRac2 was up-regulated
significantly at 48 h and 96 h, which maybe related with the two suc-
cessive processes of phagocytosis and generation of reactive oxygen,
respectively. On the other hand, different expression patterns imply
that they may perform different functions. It has been illustrated that
while both Rac isoforms are required for normal neutrophil chemotaxis,
phagocytosis and bacterial killing, they have non-overlapping roles in
bacterial phagocytosis and NADPH oxidase function [35]. In fact, Rac2
is much more needed in neutrophil chemotaxis and phagocytosis
compared with Rac1, but they could not completely replace the other
during neutrophil-mediated bacterial killing [35].

To elucidate the immune roles of CsRac1 and CsRac2, RNA inter-
ference was conducted by siRNA method. qRT-PCR results showed that
their expression levels were significantly down-regulated. Moreover, all

Fig. 4. Tissue distribution of CsRac1 (A) and CsRac2 (B) in liver, spleen, kidney,
brain, gill and intestine. Beta-actin was used as the internal control. Each ver-
tical bar represents the Mean ± S.E. (n=3).

Fig. 5. Expression profile of CsRac1 and CsRac2 in the liver(A) and gill(B) at 0,
12, 24, 48, 72 and 96 h after V. harveyi challenge. The mRNA levels of CsRac1
and CsRac2 were analyzed and standardized according to the Beta-actin mRNA
levels. Asterisks indicate significant differences (P < 0.05) compared with
values of the control.
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the expression of CsPAK1, CsIL1-β and CsTNF-α decreased when CsRac1
or CsRac2 was interfered, which suggests that both CsRac1 and CsRac2
are positive regulators of CsPAK1, CsIL1-β and CsTNF-α. Acting as
downstream molecules of Rac1, PAK1 play important roles in regulating
the MAP kinase signaling pathway and a series of cellular processes
both in mammals and teleosts [16,36]. It has been elucidated that PAK1
was strongly suppressed when the Rac1 of grass carp was suppressed in
CIK cells [16] and the expression of PAK1 was regulated by Rac1
through JNK (Jun NH2-terminal kinase) pathway [37]. In grass carp,
over-expression of Rac1 enhanced expression of cytokines CsIL1-β and
CsTNF-α, in contrast, down-expression of Rac1 suppressed expression of
cytokines CsIL1-β and CsTNF-α [16]. It was concluded that Rac1 in-
duced the expression of inflammation cytokines such as IL1-β and TNF-
α through NF-kB, thereby protected hosts against pathogenic infection
[16]. Combining all these results, we conclude that CsRac1 and CsRac2
might play important roles during immune response through increasing
the expression of CsPAK1, CsIL1-β and CsTNF-α.

To sum up, we firstly identified and functionally characterized the
cDNA sequences of CsRac1 and CsRac2 from C. semilaevis. All data
observed in this study will provide valuable information to help un-
derstanding the functions of Rho GTPase in C. semilaevis. Further stu-
dies should be carried out to clarify the specific mechanism of CsRac1
and CsRac2 in the innate immune system.
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