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primer (5'-3") sequence (5'-3")
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Fig. 1 Analysis of mRNA expression level of different im-
mune related genes in hemocytes of Scylla paramamosain after
treatment with Rhubarb polysaccharides
A. RT-PCR analysis of different genes; B. The gray value of
different genes expression.

Significant or extremely significant differences between the

experimental and the control group of each gene were indicated
with one (P<0.05) or two (P<0.01) asterisks
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Fig. 2 Analysis of mRNA expression level of different im-
mune related genes in hepatopancreas of Scylla paramamosain
after treatment with Rhubarb polysaccharides
A. RT-PCR analysis of different genes; B. The gray value of
different genes expression.

Significant or extremely significant differences between the
experimental and the control group of each gene were indicated
with one (P<0.05) or two (P<0.01) asterisks.

PCR
11 mRNA

(Vibrio anguillarum) (white spot

syndrome virus, WSSV) )
(FCproPO)
Liu Y ,
mRNA ,
6
6 )



391

R B EE

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

Wang W. Bacterial diseases of crabs: A review[J]. J Invertebr
Pathol, 2011, 106: 18-26.
Bonami J R, Zhang S Y. Viral diseases in commercially ex-
ploited crabs: A review[J]. J Invertebr Pathol, 2011, 106: 6—17.
Yu Q Y. Studies on the preparation, antioxidant activities of
polysaccharides from the shoots of Pliyllostachys edulis and
its immune effect on Eriocheir sinensis[D]. Suzhou: Suzhou
University, 2013: 1-85.[
[D].
,2013: 1-85.]

Sui L, Cai J, Sun H, et al. Effect of poly-hydroxybutyrate on
Chinese mitten crab, Eriocheir sinensis, larvae challenged
with pathogenic Vibrio anguillarum([J]. J Fish Dis, 2012, 35:
359-364.
LiY, Liu Y G, Wang Y, et al. Effect of microencapsulated
vaccine of Aeromonas hydrophila on immune factors of
Chinese mitten crab[J]. Cereal Feed Industry, 2011, (4):
14-17[ .

Ul ,
2011, (4): 14-17.]
Lin Y C, Vasecharan B, Chen J C. Identification of the ex-
tracellular copper-zinc superoxide dismutase (ecCuZnSOD)
gene of the mud crab Scylla serrata and its expression fol-
lowing f-glucan and peptidoglycan injections[J]. Mol Im-
munol, 2008, 45: 1346—1355.
Liu H P, Chen F Y, Gopalakrishnan S, et al. Antioxidant
enzymes from the crab Scylla paramamosain: gene cloning
and gene protein expression profiles against LPS chal-
lenge[J]. Fish Shellfish Immunol, 2010, 28: 862—871.
Pan Q Q . Sereening and application of immune stimulants in
disease control for cultivated mud crab, Scylla serreta[D].

Wuhan: Huazhong Agricultural University, 2008: 1-61.[

[D]. : ,2008: 1-61.]
Cui Q M, Zhang Y H, Yuan C Y, et al. Studies on the immu-
nity improvement of crab Eriocheir sinensis stimulated with
Chinese medicinal herb and polysaccharides compound ad-
ditive[J]. Journal of Hydroecology, 2001, 21(4): 40—41.[
[J. ,2001, 21(4): 40-41.]

Cao J S, Wang Z H, Zhang Y L, et al. Identification and
characterization of the related immune-enhancing proteins in

crab Scylla paramamosain stimulated with rhubarb polysac-

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

charides[J]. Mol Immunol, 2014, 57: 263-273.

Yue F, Pan L Q, Xie P, et al. Immune responses and expres-
sion of immune-related genes in swimming crab Portunus
trituberculatus exposed to elevated ambient ammonia-N
stress[J]. Comp Biochem Phys A, 2010, 157: 246-251.

Wang Y C, Chang P S, Chen H Y. Tissue expressions of nine
genes important to immune defence of the Pacific white
shrimp Litopenaeus vannamei[J]. Fish Shellfish Immunol,
2007, 23(6): 1161-1177.

CaoJ S, Lin Z Y, Zhang Y L, et al. Cloning and characteriza-
tion of the SpLRR cDNA from green mud crab, Scylla pa-
ramamosain[J]. Fish Shellfish Immunol, 2013, 34: 129-135.

Zhang S'Y, Jouanguy E, Ugolini S, et al. TLR3 Deficiency in
patients with herpes simplex encephalitis[J]. Science, 2007,
317: 1522-1527.

Umasuthan N, Whang I, Kim J O, et al. Rock bream
(Oplegnathus fasciatus) serpin, protease nexin-1: Transcrip-
tional analysis and characterization of its antiprotease and
anticoagulant activities[J]. Dev Comp Immunol, 2011, 35:
785-798.

Wang K H, Tseng C W, Lin HY, et al. RNAi knock-down of
the Litopenaeus vannamei toll gene (LvToll) significantly
increases mortality and reduces bacterial clearance after
challenge with Vibrio harveyi[J]. Dev Comp Immunol, 2010,
34(1): 49-58.

Arockiaraj J, Easwvaran S, Vanaraja P, et al. Molecular
cloning, characterization and gene expression of an antioxi-
dant enzyme catalase (MrCat) from Macrobrachium rosen-
bergii[J]. Fish Shellfish Immunol, 2012, 32: 670-682.

Zhang Q L, Li F H, Zhang J Q, et al. Molecular cloning,
expression of aperoxiredoxin gene in Chinese shrimp Fen-
neropenaeus chinensis and the antioxidant activity of its re-
combinant Mol Immunol, 2007, 44(14):
3501-3509.

Sun J, Wang B J, Li X H, et al. The full length cDNA cloning

and expression profile of prophenoloxidase of Fennero-

protein[J].

penaeus chinensis[J]. Journal of Fisheries of China, 2010,
34(1): 56—66.[ s , )

cDNA 3. s
2010, 34(1): 56-66.]
Liu H P, Chen R Y, Zhang Q X, et al. Characterization of two
isoforms of antiliopolysacchride factors (Sp-ALFs) from the
mud crab Scylla paramamosain[J]. Fish Shellfish Immunol,
2012, 33: 1-10.



392 22

The effect of immune enhancement-related genes in mud crab, Scylla
paramamosain, stimulated with rhubarb polysaccharides

WEN Ying, CAO Jinsong, ZHANG Zehui, ZHONG Minggqi, CHEN Jiehui, ZHANG Yueling

Department of Biology and Marine Biology Institute, College of Science, Shantou University, Shantou 515063, China

Abstract: The mud crab (Scylla paramamosain) is widely cultured on the southeast coast of China. Unfortunately, the
crab industry has suffered significant economic losses in the past 10 years due to viral, bacterial, and parasitic diseases.
Researchers have suggested that using immunostimulants would help establish a crab disease control strategy. However,
little information on immune-enhancing proteins in crabs is available. In this study, a quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR) analysis was carried out to investigate whether 11 reported genes,
including metallothionein (Met), serine protease inhibitor (Spi), lysozyme (Lys), crustin (Cru), catalase (Cat), peroxide
reductase (Per), prophenoloxidase (Pro), anti-lipopolysaccharide factor (4lf), Scylla serrata anti-microbial Scy2 pre-
cursor, serine proteinase (Sek), and peroxinectin (Per) are associated with enhancing immunity in S. paramamosain
treated with rhubarb polysaccharides for 4 days. The results indicate that the mean hemocyte mRNA expression values
of Spi, Cat, Per, and Pro increased about 1.1-, 4.1-, 1.2-, and 2.1-fold, respectively. At the same time, the Spi, Cat, Per,
Lys, and Alf genes in the hepatopancreas were significantly upregulated. Of these, Spi, Per, and Alf were upregulated
2.1-, 4.8-, and 1.7-fold, respectively. The Lys and Cat genes were only expressed in the experimental group. This result
was different from our previous findings that five related immune-enhancing proteins, including hemocyanin, chy-
motrypsin, cryptocyanin, C-type lectin receptor, and ferritin protein, were identified in S. paramamosain using proteo-
mic and RT-PCR strategies. The discrepancy probably reflects differences between the two research approaches or an uni-
dentified post-transcriptional mechanism in these related immune-enhancing proteins. Considering recent evidence that
the Spi, Cat, Per, Pro, Lys, and Alf genes play significant roles in invertebrate immune defense, it seems likely that
these six significantly upregulated genes in hemocytes and hepatopancreas may be related to enhancing the crab’s im-
mune response. These results will help reveal the immune enhancement mechanism in S. paramamosain and will be
important for immunological prevention of crab diseases.
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