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The Influence of Algal Toxins on Iridovirus-infected Penaeus Vannamei™
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ABSTRACT Objective: Exploring the inhibitory role of algal toxins on aquatic viruses. Methods: Two typical
toxin-producing algae (A lexandrium sp. and Gambierdisc sp.) were isolated by capillary picking. After detected by
HPLC (high performance liquid chromatography) method, we found that the former (Alexandrium sp.) had the
ability to produce the water-soluble toxin (paralytic shellfish toxin, PST), and the latter (Gambierdisc sp.) had the
ability to produce the fat-soluble toxin (ciguatoxin, CXT). During the animal experiment, the shrimp (Penaeus
vannamei) was exposed by two algal toxins at low-dose concentration (nM level). Then, the shrimp were infected by
the iridovirus. The infection rate and shrimp related functional genes expression were determined. Meanwhile, the
immunostimulatory effects and molecular response mechanisms were also analyzed. Results: Compared with the
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control group, the infection rate was decreased by 30.83% and 65.84% in PSTs and CXTs experimental groups. The
RT-PCR results indicated that algal toxin exposure activated the host immune system, and the expression of genes
involved in immunoprevention (LvB-catenin family members, Hsp70, lectin, B-GBP-HDL, Dscam), anti-stress
response genes (SOD, CAT, ACP, PO, AKP), and apoptosis genes (Bantam) were up-regulated more than 2-fold in
enperimental groups. Conclusions: This work confirmed that low doses of algal toxin exposure enhanced the
animal's resistance to exogenous viruses. The possible protective mechanism is toxins activate the shrimp's immune
function and enhanced their defence ability to viruses. This study improves our understanding of the "fighting poison

with poison" effect of algal toxins. The immune-enhancing effect induced by low-dose algal toxins can be used as a

potential strategy for aquatic animals' protection.
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b H B8 Gambierdiscus sp. o

1.2 BEFZERMNEH &

1.2.1 REMRESFE(PST) HCFHHMTE
Hi1l k3 500 mL, 325 FF 1.0x 10* cells/mL , ¥
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Table 1 The primer sequences of gene cloning and Real-time PCR

Gene names

Primer Sequence(5'-3")

Gene function

Superoxide dismutase (SOD )

Phenoloxidase (PO )

Acid phosphatase (ACP)

Alkaline phosphatase (AKP)

Catalase ( CAT))

Heat Shock Proteins70 (Hsp70)

lectin

B-GBP-HDL

miRNA gene: bantam

Dscam

LOC113806982

LOC113825583

LOC113830596

LOC113810905

LOC113829222

LOC113807934

LOC113818022

LOC113828784

LOC113829995

LOC113804143

B-actin

F:TGGAACTCGCCTCGCTAAC
R: TCTCCTGCTCTGCCTCACT
F:GACACCTTCCTCCTTCACCAT
R:CTTCGCCATTCACGGTAACATA
F:TATACGCTAGTGGAGCTGGAA
R:GGGGAGGTAGTGACGAAAAAT
F: CCACGAGACCACCTACAAC
R: AGCGAGGGCAGTGATTTC
F:TCCAGTCAACCACCACCAATA
R: CTCGTCGCTCACCATCCTTA
F: CTCCAGGACTTCTTCAACG
R: GGTCACGTCCAACAGCAAC
F: TCAGAACTGCCTTGCGATCAC
R: CACGCCATTTGCTCATCCA
F: ACGAGAACGGACAAGAAGTG
R: TTCAGCATAGAAGCCATCAGG

F:TGAGATCATTGTGAAAGCTGATT

R:TGATGATGTCAGCGAACAAAG
F:TCCAGTCAACCACCACCAATA
R: CTCGTCGCTCACCATCCTTA
F: TGGCTGAACTTCTGGAAACGA
R: TCAGGGCTGCGGAAAGG
F: CGCAGGATTCCAAGATG
R: TCACGACCCTTGTGGC
F: ATTACCCAACGAAGCCATTT
R: ATTCTGCAAGATTTCCCTGA
F: TAGGACTCGGAGGATCTGG
R: GCGGGTTGGGTGTTGTAG
F: TCACCTGCCTCAGAATCAA
R: GTGGGCGACACTATCAACG
F: TTATGAATCCTTTCGTCGTG
R: GCGGTGTAAAGAATGGGTC
F: CGAAATACGACGAGAACGG
R: TGGTGGATACGCCAGGGT
F: GACGGGCTTCAGGAATGGC
R: CAGGTGGTGCAGATGGCTC
F: CGCCGAAGACTTGCTGA
R: CTGGTTCCGTCCGTGAT
F: ACGGAACCCGACTCTACGC
R: CCCTGTTTGGTGCATCTCA
F:CCACGAGACCACCTACAAC
R: AGCGAGGGCAGTGATTT

Free radical scavenging, antioxidant

Promoting oxidation reactions

Catalyzes the hydrolysis of phosphate
monoesters under acidic conditions
Hydrolysis of phosphate esters to produce
phosphoric acid
Catalyzed decomposition of hydrogen
peroxide
Aiding physiological folding and stretching
of newly synthesised polypeptide bonds

Promote cellular agglutination

Involved in lipid transport and immune

response.

Cell differentiation and tissue development

Participate in specific immune processes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Immune-related genes

Major components of the cytoskeleton
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Table 2 The isolated algae and their microscopic morphology

Number Name Algal toxins Microscopic morphology
Paralytic shellfish
1 Alexandrium sp. T
poisoning ( PSP)
pOng
2 Gambierdiscus sp. Ciguatoxin (CTX)
3 Nannochloris sp. /
4 Thalasstosira sp. /
5 Ostreopsis sp. Palytoxin (PTX)
‘ c dini neurotoxic shellfish
ymnodinium sp. poison (NSP) @
7 Skeletonema sp. /
8 Noctiluca sp. /
9 Chaetoceros sp. /
Diarrhetic shellfish
10 Prorocentrum sp.

poisoning (DSP)

Sy . AT AR AT B PR IR K R Y R ROR AR 13 4
& B I Bl (HPLC-MS/MS) 7 R J7 3% , B R Al
B, AR R A, AR AR D RO R A R O BE
% 53 v 45 7€ BA BN S5 A 22 00 19 B R L), DL

NE I 2 A O 7/ NP N O U
HPLC-MS/MS J5 1% , 73 Hr 1 Ui 126 13 4 19 7K 35 0
PeiE e s R, JE— DR B — Rt

B HERAYTT I
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Fig.3 Expression of related genes
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Table 3 RT-PCR express of other immunity related genes

Blank Control PSTs CTXs

miRNA gene: bantam 1+ 0.14° 1+ 0.05° 2.90+ 0.82° 2.77+ 0.22°
Dscam 1+ 0.15° 1+ 0.12° 2.94+ 1.43° 2.29+ 0.98°
LOC113806982 1+ 1.75° 1+ 0.23¢ 2.43+ 0.6 2.33+ 4.75°
LOC113825583 1+ 0.29° 1+ 0.6 17.30+ 0.7° 5.09+ 0.56¢
LOC113830596 1+ 0.55° 1+ 0.15° 2.69+ 0.62° 2.70+ 0.77°
LOCI113810905 1+ 0.22* 1+ 0.04° 2.01+ 0.48° 3.81+ 0.42¢
LOC113829222 1+ 0.32* 1+ 0.2° 5.09% 1.21° 2.17+ 2.31¢
LOC113807934 1+ 0.73* 1+ 0.65* 2.95+ 1.02° 2.13+ 3.77°
LOC113818022 1+ 0.44° 1+ 0.22¢ 3.84+ 0.98° 2.13+ 2.50°
LOC113828784 1+ 0.21* 1+ 0.7* 4.81+ 1.10° 2.39+ 4.26°
LOC113829995 1+ 0.52° 1+ 0.25° 3.74% 1.01° 2.12+ 3.53¢
LOC113804143 1+ 0.71° 1+ 0.88 2.38% 0.73° 4.16x 2.12°

Note: a, b, c president the significance (P<0.05 level).
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