Open Journal of Fisheries Research 7K=H} 5T, 2017, 4(4), 166-179 Hans X
Published Online December 2017 in Hans. http://www.hanspub.org/journal/ojfr
https://doi.org/10.12677/0ifr.2017.44024

Immunoregulatory Characteristics of Four
Novel Synthetic CpG Oligodeoxynucleotides
for Freshwater Giant Prawn
(Macrobrachium rosenbergii)

Hung-Hung Sung’, Yin-Han Yang, Wei-Xuan Lai

Department of Microbiology, Soochow University, Taipei Taiwan
Email: ‘"hhsung@scu.edu.tw

Received: Dec. 4th, 2017; accepted: Dec. 19th, 2017; published: Dec. 29th, 2017

Abstract

Different sequences of CpG oligodeoxynucleotides (CpG-ODNs) have been demonstrated to result
in different expressions of prophenoloxidase gene (propo) in freshwater giant prawn (Macrobra-
chium rosenbergii). In this study, in order to assess the possible applications of CpG-ODNs with
different immunomodulatory effects that may be used in aquaculture, four novel CpG-ODNs
(ODN3006, ODN4006, ODN2050 and ODN2051), which have been designed according to the dif-
ferent sequences of CpG-ODNs that promote or inhibit human and fish immunity, are used to de-
termine their effect on prawn immunity. First, the binding rate of ODN to hemocytes analyzed by
flow cytometry showed that the lowest concentration of ODN2005 required to binding 50% he-
mocytes (BCso) was at 1.88 pg/mL and that the concentration was at 5 pg/mL of ODN2050; it could
bind more than 90% hemocytes. After hemocytes treated with different concentrations of ODN in
vitro, all four ODNs shown increase the extracellular total PO activity (POt) secreted from hemo-
cytes, OND2050 at 0.67 ug/mL which not only significantly enhanced POt (p < 0.01), but also had
the highest activity, but ODN2051 at above 10 pg/mL also significantly increased POr. At 1 hour
after prawn was injected with ODN, the results showed that, except ODN3006 which did not affect
plasma POr, the other three ODNs all significantly increase POr in plasma, and the highest PO was
enhanced by ODN2050, about 3.8 times more than the control group. At 3 hours after injection, the
expression of four immune-related genes showed that, in comparison with the control group, both
ODN2050 and ODN2051 increased the mRNA level of three PAS-related genes (propo, pon and
a2-m); in contrast, ODN3006 decreased the mRNA level of propo and pon. As for ODN4006, there
was no significant effect on the four genes. After treatment with lipopolysaccharide (LPS) for 1 day,
prawns were simultaneously treated with ODN3006 and challenged by Lactococcus garvieae. The
mortality rate of ODN-treated group was at 60% and lower than that of the untreated control
group (80%). These results suggest that all four novel CpG-ODNs may play a role in regulation for
the immune response of prawns; as well as, ODN2050 and ODN2051 have effects in enhancement,
and ODN3006 and ODN4006 may have suppressive and neutralizing effects, respectively.
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N6 751 B CpG-ODNs KR 7K K B RUT 1) R By B B R Z F propo IR LA B A F I . RVPEA B %
& VR 15 B RLZ CpG-ODNSs [ B2 F BT 47 1, B 92 5 F O AR 95 (R 8k BR A0 il N\ 2B A0 B 2K 08 T AN R
CpG-ODN/F5 ¥ it I B3 iICpG-ODNs (ODN2050, ODN2051, ODN3006f10DN4006), 437Xt
RIKK K UF (Macrobrachium rosenbergii) %% 715 . & %, FIFH 40 H1{# 1T ODNRY MBRE5 &
#4541, TUFODNsH, ODN205045 6 50%IMERFT 7 ¥k & (BCso) B f%(1.88 pg/mL), HIKES pg/mLED
W 45490%L B MR . UAFKREODNTAS B A BIFMER S, DUFhODNsHL B8 {E R H fa ok
Z B POJEHE(POT), HHODN2050F0.67 pg/mLAHEEH B EPO HiEHEE( < 0.01); HEZ
ODN20517 710 pg/mLA B B IRPOr. UF-FIESFTODN/E /MR, WE M3 HPOr K3, BRODN3006
AP0, HAM=FODNs#E I Y MPOr, HFHODN2050{EHPORINE G, LTODNLEZ X
MRAR3.8f%. VESE3/DENEMBRK4F BRI EF KRN ER, HETXTRE, ODN2050K%
ODN20518 S in3fh 5 BB E B RIEL RS (PAS)HZ EH (propo. ponk a2-m)imRNARHL
&; K2, ODN3006F&{KpropofiponfiKH; =T ODN4006N [ t4FFEEYLHEH M. &5, UIE
ZBESF(LPSYEHRBIFF1IR G, #ITBUREX T, [FBFLLODN30064b 3R, MI50DN30064
HFFHRIZET- R N65%, KT RZODNAFEAKI85%. 4a EiRS RN, MNBHE B4R HCpG-ODNs
AT B LA i F o RS YER, HH I ODN2050 % 0DN2051 A2 3%, ODN3006Ff10ODN4006F]
B2 A BT PRI BY

X 5in
FRCPpGHERAKER, RERET, KFFREINE, BAKKBKIR
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(cellular) % % 2 % o 41 Jifd ¥4 Th it 45 7 & 1 F (phagocytosis) 711 5 % /i (nodule  formation) . 2 fi5 1 H]
(encapsulation). 41 il 5 4 1 H (cytotoxicity) 5 J5 By £ L % & % %i (prophenoloxidase-activating system, PAS),
i PAS 8 A A BE 51 35 11 1 5 55 4 28 45 BB I BE[2] o e M G 328 S N A A AR 37 10 A0 R NAR W ) 2 —
R, XTAEEME, BRI A R 52 A T8 R 5l K& AS (5] (185 SR DL SR A 801 B 4
Janeway T~ 1992 FE 2 H [ i1 5 318] (pattern recognition theory) [3], K55 Rt 4 1285 e 2 P 15 60 1k 44 i 52
A B 53 - BERE IR B R A 2 B R 4 T SNRRAE i A 9C 1) 73 - 45 X (Pathogen-associated  molecular
pattern; PAMP), [RNIX 52 A7 T IR AR R T 4B i N 1 %28 0+, HLAZETEAL B T IRsF i [4],
LR REAT B RE L 178 SR B (glucan) . 4 14 41 L BE 2 S £ I (lipopolyssacharide, LPS). £ Jik#i (peptidoglycan;
PGN) 1 g BE#% (lipoteichoic acid; LTA). LARAZIR 73 5 Hn4i B ) DNA M) RNA 550 H1 T X885 1A
AETE S TE F 0T 25, 18 0T LU B R0 524k, SO OB R 31 52 44 (pattern: recognition
receptor; PRR), #Ef7 “HIR” M “IE,” X 4r[5], W82 AR (Toll-like receptors, TLR).

411K DNA H 3Ly 5 5 41 2 oK B 40 CpG 3 5 i AUi% 1 R (CpG oligodeoxynucleotides; CpG-ODNs)
N—Fh PAMP, HE W 5 A A purines (Pu) X 3364 W pyrimidines (Py) ¥ 4, H]
5’Pu-Pu-CpG-Pyr-Pyr3’ &% H iR )7 51, Kl ULFh 7 51 1A AEWiE M, Hek Hdr 4 v CpG %7 (CpG motif) [6] [7].
Takeshita 25 A\ (2001)WF5E 45 HY, AS[EFEF2 CpG-ODN *f HEK 293 4 51t A A (R b, H AR RS
HHRM ODN W BEH Z 7 [8]. fEfK, HEICA V£ A K CpG-ODN I Ft. CpG-ODN REH 5] 4
EOIRe G EVRAMRETE. A E TR BRI A DL R AR B A 9% /1[9] [10] [11] [12]
[13]. HEWAH T ER, AL CpG-ODN HA MMM N, 4% 0GR 1) 5 g g A4 [12]. .
LT 4 f4 (Carassius auratus) FLiR 1) = [14] ARG KPR o I 252 55 [10]. 7EFF 722k, A=
75 —AMIEW] CpG-ODN AJ LASS SRR K el /7, B4 WORARMLERIY PAS W& L, WFIRJZXEAE H (respiratory
burst) F1IILERFE K] proPO IR IL[15] [16] [17], HIG5EHT proPO KL 53— it ODN 4k, N A F 7
) ODN W] BEXS U G 11 BA ARSI [16]. Bb4h, A WFFURILN & £ 4> (multi-copy) CpG FEfF 2 it tA
FLAG 1455 R (Litopenaeus vannamei)HT i /11 PO 3514 [18], LA AEMR 52 B [ 595 B (WSSV) B SR JH ],
CpG-ODN FJ DL A 75 7 I 3R 40 i 4 1 &2 i [19]

AT % AR YRR 55 BRI EN S AN R 51 CpG-ODN . JEAT 73 A1 - v Rl B X i 1 Bk
NI N AR ] 7 51 2. CpG-ODN o ASHF 7045 81 X6 X 42 CpG-ODNSs, 4331 T4 4/ T 42 B0 1 BR A
SFF AR FRAR 7 (R 5206, 5 U R A I 22 (phenoloxidase, PO) i 1H: LA K DU Fift G928 AF 9K J5E [ B — i p g
AHICTEDH (1) mRNA B, 5 i ) FH B G S 56 A 2 1 B AN [] /77 471) CpG-ODNs St B 77 481 7 11 52 1 280 i 3l
WE S HRE B R A . AHIE ST 2 N T DU S AR SRV AS AN R 24 2. CpG-ODNs B HEFRE EHIZ %

2. M55 E
2.1. CpG BB HEES(CpG oligonucleotides, CpG-ODN) & $I&

AR SEIGAE FH 2 ANTF 751 1) CpG-ODN S it it 2: B & & H 5 12545 561 30 B: ODNs Ail 5 A 2845 K 11
11 Bt ODNs, #|H Perl #2718 5 #5 1 oligo-mer 11 0F2 7, K H X ODNs fr %1 HH B4 22 AR 1) 7 455
5 MZHE R (5-mer) 8L 6 MZE R (6-mer) L CpG W% L IEE T 5, K 1X L8 7 FIBENLLE & i 21~24 ML R
KFZEMUEL CpG-ODNs, f3#h: ODN2050. ODN2051. ODN3006 /% ODN4006 (# 1). BtAh, ASZEGfH
FH 250 BE 1 5 AF T %% 77 ODN2006 [15] PA B B4 5% T it £ (Oncorhynchus mykiss) A4l 4 ) ODN2140
[20143 BIAE (e BEVE AN VE RO XS B2, DAREAT B ISR 0 A S HLE . Bl ODN B &1 4L TAH R A A
(MDBio, Inc.)f NHIE . TASNzEG i, & CpG-ODN LL M199 Fit#i & 1. 2. 5. 10+ 20. 30 /% 40 pg/mL
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Table 1. Six CpG-oligonucleotides used in the study
1. ALWAERAZ T CpGC BRI EZHER

CpG-ODN’ Sequence (5’—>3’) CpG-ODN’ Sequence (5’—>3)
ODN2050 GCGGCGCGCGGCGCGCGCGC ODN4006 TCGTCGTTTTGCGTCGTTTTCGTT
ODN2051 GTCGTTTCGTCGTCGTCGTTTCG ODN2006 TCGTCGTTTTGTCGTTTTGTCGTT
ODN3006 TCGTCGTTTTGGTCGTCGCTCGTT ODN2014 TCGTCGTTTTGCGTGCGTTT

SERNFIREE ;s AMASZIGHT, LA PBS Fifilk 200 30, 40 K 50 pg/mL ZEANFIREE . AT R A B i)
3 HT 5 SR, il 2% 57 A FR AL O TR IR EHIE V. i B i (Carboxyfluorescein-5-succimidylester) , B[l 5-FAM
ff) ODN, fiiFk FAM-ODN. SZ5 1, DA% £h (Phosphate buffered saline, PBS)%Z2 ¥ 43 7 it il i AR [ 4 2

2.2. SCIG YR

T K 1 FR B 7 5 DL RR 1) /KB R BF (Macrobrachium rosenbergii) (#4545 25 Ae), BT 725
AR AKIEIRFERIN A, FREE S E LN T AR 4~5 B, 20U = RIG Mk i7s256 . F75H I E
Hm A N TRk, Rk B B AR BHE RS SO 2%, Bid /7 7 WL Chiu ££(2010) [21].

2.3. FEINEk4HpaE] &

PA 0.5 mL HLEIH 3.0 mL SR 5L 24 G x1” (0.55 x 25 mm)%HSk(TERUMO, Japan), Hii%
IR IR S i 0 Ak, it B It 6K B3 (hemolymph) 2 1.1 mL; K5 Bt 5 i bk B VG E R SRR & 150
AL 300 xg T 4°C, B0 10 Z0%h: £BR EWEBUS, M 1.0 mL PBS &40, HX 10 pL MEREF
0, INNZ5E 1) trypan blue (Sigma T-6164; 0.4% trypan blue in 1.4% NaCl) i, LIk 11 %% (hemocytometer)
THE MRS HoAR R E Tk B .

2.4. CpG-ODN SR I Fk#paLE & 534t

NEAASF T4 ) ODN SR I ERR T 52 348 45 S MR B, S8 b DA AR % FAM-ODN 5 I BR
e, AT A4 (Cytomics FC 500; BECKMAN COULTER) 7M1« SEG A, Kok i 7] — RdF 5 H
EIFT 0.01 M PBS 4011 S 77 (21 5 x 10° cells/mL ZHfi%k), /3% 5%, &5 200 uL; %, 6
B4y I 100 ul 1) PBS K PURNAS[EHKE () FAM-ODN, BT =R/EH 1 085, B, 25 EER,
L 10% H /% (formaldehyde) [# 5& AL 3R 4T M 10 73415, LA 4°C T 800 xg &0 5 738, 2B il LA PBS
BRI, BE, LR MOGIT 28, W%% FAM-ODN T 41l R 4 & 2 24k

2.5. WFFERE LB ZE (phenoloxidase, PO)FE 14 B3 3E

ARG 3 570 7 A A 1 3R L AR - I BR A I 2% P9 Y PO & 1. AR 4 Chuo %5(2005) SE 56 5 B EAT
RAM ILER AN REAS PO HOMIE[15]. AR ) CpG-ODN %7K 100 pL 4355 200 L S i BRE 7 H0R
S5, §E 15508t 4 4°C, 800 xg BS540, WX 10 pL BIEW, FIH Bradford J7i%l € & 15
WAL, FHEL 50 pL oAb s 0 e By S AL B R (POYIE I« & T HF T MERFI M SE 2 PO W& PERIINE AT, HX
100 pL ) ODN VA FHUF A IE T AbESS G 1 /NSE, 23 Sl ORIk 2. 8505, B RIS MRRD 2R FE
A, PLVERD N IMERFEAS o I ERFE A 28 38007 JF v 3l il O J 1) L 37 9 B A af R 41 P 26 B i (hemocyte lysate
supernatant; HLS). H{ 50 pL RFIUFEAS . IO 50 pL 3 BE 1 mg/mL BREE HEG(Trypsin)f5, BT =R T RM
15 438h ), N 200 L HFrietfc B 2 32 AW L-DOPA (L-3,4-dihy-droxyphenyl-alanine, 1.6 mg/mL), 337
BIFE K 490 nm T I 5E W 56 AB (ODago) o BT F1.53- 8 N HLEA7 If 8] A e KAZAL 1K) OD #fE, A% 4k 0.001
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N1 U, 3K PO IEME, LAAU/At/mg F7m. HR¥E Chao Z&Fseibda t, FEA I E Al S TSR PO
W, WUONEEAR N RS A I proPO S, L POr ERr[15].

2.6. EEZ mRNA FIEBRYNE

AR S FH 2 52 B 7 51 SR A Bl i USROS (RT-PCR)HEAT 20 #r o 1 a1l 4% Bk RNA BEAS , U L ER (29
1 x 10" ZH )N 1 mL ¢ Trizol iX7(Boehringer Mannheim, Roche) T FAEFH . B.0)5, BUEIEH;
DA P (isopropanol) I E H RNA,  DURREHEAT #5306 KT DA 8 (€ & RNA IRy A260/A280
T 1.8~2.0, J7REHEAT S 1) RT-PCRo A SZ6 I 7€ 2 T AP BT AEAH S HE KL ) & — PR 5] 7R Al n e 2 firs
ffiF First Strand cDNA Synthesis Kit (Fermentas)it47, S0 EL 5 pg ) RNA FEA, BN 1 uL (1)
Oligo-d(T)18 51, FFIINIEE ) DEPC /K EARFA 11.5 uLo 7E 65°C Nk 5 4P 5 iR Z B2 =
e &, PN 4 uL (1 5X B 2 pL /) 10 mM Z dNTP JB A3 0.5 pL 1) RNase #1417 (20
U/uL). ARz 1 uL H S 8% 556 9 2K (reverse transcriptase, 20 U/uL), ffAAF N 20 uL. T 42°C /Ki— /i
JG, DA 85°C hn#k 5 srdi)E, ETUK &M,

el 1%k, T 2R AR B3k A (RunOne, EmbiTec), 7 HLE 100 R4 FHEAT HLEKZ) 30 438,  HUH A
F R4k 2. %€ (ethyl bromide) Y5 10 2, FF LA /KIE 4% 20~30 40 %f, /o B TRAMEIR FIIGAARY . 85,
{EH ImageMaster2D 340 # H AR B, B HAR v Brz s s BE Al o ARS8 DAME Ifin 3R 1E 3 R BT
p-actin ZE K 1 22 HE A (internal control), PAI: mRNA RILE T AR 2 52 4 E B, H AR
2R T, TS HUEED A B AR R 2 mRNA R .

27. HRMSH

INFYIFRED 1L AR, 8§ RIFFER 2.5 pg 19 LPS JIBUEF 1 /Mg, e M2k PO Alifi Bk
GPx iEPER I NI F A T R RS 4, IR0 R0, —4H 20 RiF+. —KJ5, HPmas
SIS 2 ng ¥ ODN2140 Fi1 ODN3006, Ff AR /& %L 100 pL % B Lactococcus garviae (10° cells), 74
SRR ZH 5y B RE S PBS HUAX ODN LA & PBS HUft ODN FIEUR B . 5 S Il liF A0 T R 5,

Table 2. The primers of selected genes for semi-quantitative RT-PCR
#2 ATHEERERRAHEXNR I BrEREN5]F

B R A4 TR B PR P g ElERER]l PN

Gene title GenBank number Primer sequence (5°—3’) Size (bp)

. SP9 F: GATACTGCCACTTGCTCTCT
Prophenoloxidase (propo) AY947400 SP8 R: CTTGCAGGGTTCAAGAAG 2098

amp F: CTACTTCAAGGGCCGGATGT

amp R: TTTTATTTAAAAACAGTCTCATGTTGA 453

Anti-LPS factor (alf) EU826055

. a2M F: CGAGGTGCGAACAGGAAG
a2-Macroglobulin (a2-M) FL657275 M R: CCGGGCAGGTACTGTGAC 245

pon F: CCTTTGGCATCAGCACCCGTTC

Peroxinectin (pon) AY606270 pon R: CCGTGATCTCTGCCTCGGTGGA 373

Cytochromeoxidase subunit FL657276 cos F: CGCGCAGGTACCCCTAATA 162
(cos) cos R: GCCGCTAGTGGTGGATAAAC

peactin AY947402 p-actin F: CCCAGAGCAAGAGAGGTA 209

f-actin: RGCGTATCCTTCGTAGATGGG

VE: BT BFREEREET PCR (IR KIEE N 58°C, 13 24 K.
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FLRIEESE 48 NN EAET R A NIE . AL —PRAETI R, 12 P ASET R AR —EAET .
B EIETR (%) = (SIS R — JFR ST 8)/(8 4 — AR ST 4D x 100%.

2.8. Gt

MERAAEZ PO JEMEA G2 H G HE R mRNA R I = 2 LA one-way ANOVA 47 % A [A] M Ak 3
AR, S HT A 3 2 54 (p < 0.05), UL Duncan HLAk & 4HIAI 22 5.

3. /R
3.1. FEIFF) CpG-ODN ge4E4 Ik mpR

e W BN 2 VO Rl AS ] 41 () ODNs A2 75 g BLR% 5 1 BRA1 M AR , A Si256 DAR R (0,
0.1. 0.5, 1. 2. 5. 10. 20. 30. 40 & 50 pg/mL)H Az 2% 2 FAM [¥] ODN SiFiER{ERH 5, FIHR
AIMA BT H A BRI 3. B 1 4558 &3, ODN TR RS (0.1 2 1 pg/mL), ODN2050
A1 2051 T 0.5 pg/mL R4 G IMERE 2635 & T 5%, T 1 pg/mL RESS A MLER 73 2358 10%.
ODN3006 #1 4006 T~ 0.5 pg/mL BE4SE & [ LR 732840 537718 1%7F1 0.6%; ODN3006 T 1 pg/mL Re4s &
FIIMER T 43 R TH B 2 12%, #R ODN4006 X FE4S & 3% 1) ML ER M A .

24 ODN TR ¥ 1 & 10 pg/mL i, AL45 % 41 ODN2006 F1 ODN2014 7£ N {15 ODNSs 45 & I BR 1)
R E W FE T A (1] 2); PUFh ODNs 1 2L ODN2050 454 50% I ER T 75 < & (required concentration for
binding 50% of the cells, BCso)#fi%(1.88 pug/mL), At ODNs (1] BCisp #¥# % 22 5 7 %1l /& ODN2006 (4.43
pg/mL) < ODN2051 (4.59 pg/mL) < OD3006 (6.12 ug/mL) < ODN2140 (6.66 pg/mL) < ODN4006 (9.28
ug/mL). BE4h, B ODN3006 5 ODN4006 T 50 ug/mL ¥ fE 4 & 72%M1 88% i Ek4L, FHAh ODNs ##E
ZEAY) 5% ER, EFTFRIKEAR, Hr ODN2050 V7% 5 pg/mL RIAE 52 95% M BREE & . A Se i A
PGS Hr ODN3006 5 ODN2050 5 it 35k 4H i 2 11 (1) 45 & A7 /2 f5 AH R o siierrr, A5 FH ] e 9K P 1)
FAM-ODN3006 (12.5 pg/mL)%> )5 A5 [ 3 FE () ODN2050 (0. 12.5 & 25 ug/mL)FE [l 4b BRAR i Bk 40 i )5
PLis 40 B A 73 it FAM-ODN3006 -4 il % [ 25 & 2 A4k . 45 R an el 3 firs, B ODN2050 ¥ 5 3 i,
M5 68 FAM-ODN3006 454 I4iin i 43 % R %

3.2. REIFF| CpG-ODN F{&shsnm i Bk4m psn & (LB 3= (PO) R &

S DA [ FE(0.33 pg/mL % 13.3 pg/mL) ODNs B 45 MER{E A 5, I 4 i 4R P By A fb
FIETE(PO) LSRR, Bk ODN2014 #ifi| POy 4k, FiAth ODNs 2 w] LK POy, RI(LHE fil BRAH L )R
FORLAER (15 4)o Lhs AR ODN AbBEZ % RRZHIEPER) 1.5 s ARME RN, 1EXTHRZHMY ODN2006 T
0.33 pg/mL BPAJ AR 34558 POr, H7K/Z2 ODN2050 fi1 ODN3006 % /b4 0.67 ug/mL &ERBH &4 5% POy,
ODN4006 & ODN2051 U435 %K F 1.67 ug/mL F1 10 pg/mL A4 HA7 B 5§l PO &8

3.3. AFEIF% CpG-ODN SIEiRFi &

AHAE T JC ODN A FE 106 BEZH , R 13 5 771 & 2 g/ (1) ODN Ji& L /NI 52 () 1fi 2% PO+ 57w , ODN2050.
ODN2051 f ODN4006 —#H#F-7-1fi 2% POy 5 1EXT HiZH ODN2006 #H [, $578H 3, o ODN2050 Ay
XTHEZH Y 3.8 i 22T ODN3006 F1 ODN2140 N 5%} R 2H JoBH 2 22 57 (€] 5(a)). B& POt 4b, ARSLES 7 #r
DU A B 925 FH 5% 1 3 (R 36 B0 LIS AS [R5 51 ODNs XTHF T IS, 5. R AL 2051 R4
(prophenoloxidase-activating system, PAS)AHI<FE A propo. pon % a2-m DL Hii A YokH e A alf. A%t
FXRRAR S Z mRNA RILE, ODN AHIFF/E 3 /M mRNA RILEWE 5(b)ER,
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Figure 1. The percentage of prawn hemocyte bound by the low concentration of CpG-ODN
[ 1. R CpG-ODN L& HRM kAT E 77 %

ODN2006 ZH4F7-4 PUAh 4% A 5 3 Kl (propo. pon. a2-m Al alf)f) mRNA LI BT, A,
ODN2140 #il ODN3006 2H43 %45 3 F(propo. a2-m 1 alf)f1 2 Ff(propo A1 pon)FE [ ) mRNA B 2K T-%F
H4H . 2T ODN4006 HHFF 2 PUFRF LR 1) mRNA RIS X RA T LB E Z -

3.4. CpG-ODN2014 1 CpGODN3006 &1 & 2 MEKMPFRER BRI T
1 5 45 S 4HED ODN2140 F1 ODN3006 R GEXTHR T 50 5% J1 B A #I P, 4FaT DARRK R SRR T
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(a) ODN2006 (b) ODN2140 (c) ODN2050
o 1007
>
8 80 A
§
< 60 1
2
3 40 BC,, = 4.43 ug/mL BC,, = 6.66 ug/mL BC,, = 1.88 ug/mL
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Figure 2. The percentage of prawn hemocyte bound by CpG-ODN at concentration higher than 1 pg/mL
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Figure 3. Distribution of prawn hemocyte bound by two CpG-ODN detected by single-fluorescent staining
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Figure 4. Intracellular phenoloxidase activity (POy) after hemocytes treated with different concentrations of CpG-ODN

& 4. NEiKE CpG-ODN L IBER M EK /S FE H s 2B R (L BE R SEME(POY)

DR B T 34 R I BB T o S50 DA LPS i R TR & RV i 1 K, ABUR B Lactococcus garviae (1 x 10° cells/
FE)EGLURF J5 I, EGE AR LN ODN AbFRLH 2 FF BT 20 85%; MuFF I Ie i [Fmf L& 2 pg/
FE ) ODN3006 5 ODN2140 AbFE 5, HF-FHIFET: 250 i 2> FFAIK % 65%H1 60% (7% 3).
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Figure 5. Phenoloxidase activity and immune-related gene expression after prawn injected with different
CpG-ODNs
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ODN JZLA CpG M0 H i1 20 MEHRRAMK[7]: (HAE4RIE CpG M X IFFFIA, 5/ A A 1)
RORA F[22]: HABHFF IR, CpG 355 (CpG motif) i3 5 N B A e 471y 7 8 ) (sequence specific),
HAZC ) CpG MUk GpC 2 1 Jim Mk MBI N[ 7] [23]0 FEMFLIS, X ot G 41 il A 4% CpG-ODN
PAHRIE R C 2 E Tk, (BRI F B TN HER AR £, O CpG FEM A
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Table 3. Mortality of LPS-stimulated prawn treated with inhibitory CpG-ODN after infection
7 3. BE BRI M F LAHNHI M CpG-ODN ARG REEEHIE T2

T kb TG 5 AR I 18] 2 MR-~ BT %0 H Number of death after challenge T H A
Ib ¥ 75 Treatment .
Challenge 14 2d 3d 4d 5d 6d 7d gd  Mortality (%)
ODN2140 (N = 20) + 4 4 1 1 1 1 0 0 60
ODN3006 (N = 20) + 5 3 2 1 2 0 0 0 65
PBS (N =20) + 7 4 3 3 1 0 0 0 85
PBS (N =10) - 1 0 0 1 0 0 1 0 10
None (N = 10) - 0 0 0 0 1 0 0 0 0

e d RREHERE N RRSR R .« S 2 RIEAIET R A G I ISE T3l AR — P30T (VAT RL T K)o

[F) A8, R0 J 7 S 1) D) 2 Sl 1 i 2K [23] [24]

AT I G FIHANE 741 CpG-ODN iR (4 ML ER 40 i J 2 B0, ODN2006 35 & 1 1. Bk 3 (K] proPO
(12 02> Bl 0s-ODN13 4Mi[16], HEMIASIF 751 ) ODN 1] G XTI 4% 77 A AR R . Sun %5(2013) 44
5l s i FLE AR AE B A 2K) CpG-ODNs JE45 i —BUE & CpG H 110 M HIR41M) ODN, A&
BT LA & R O 4m B 40 9% F3[25]. Su %5(2016) S ARYE Lk K 6 B ODNs LA K 3 BrREMIBHE
(Ctenopharyngodon idella) 3k % B k% 4 it 4= ) ODNs, 4H & i — Bt#r i) ODN1670A, iF Bt ODN BEi &k
TLRO R £ 975 35 B R E 55 — AT R (IFNy) £ PL[26]. BRIk, FRATAAFI A A s K e AS[F
SRS CpG-ODN PAR FAEFRFAME, AR A PR DL BF 7 e 77, iz IR =2 H A7,

AW gL E R Ok R HAr il 5 AN G CpG SEER AL T RE % 30 Bl 11 B, i 32
BONRNE T AR 9 BT 4. LA oligomer THEFE P HEAT T AU 08T fa 43 AR 7 T A R0 i
F IR % (1) 5-mer A 6-mer #% 0 FEFY . LAk AR 5 SRR HLHES IR 15 A0 S I A i
ZAFFH] ODN (RATFF) . AHF 5T BEALIE B — B PY BB il L SOl (1) ODN2050, ODN2051.
ODN3006 /% ODN4006 #4174y A ER 4T, T A 70 B3R 25 iR 1 %% 0 BAA A [F 2 i
CpG-ODN, SZEGHREREAT 70 AT AT 2 LA M199 Z2i il TR AL BRI 3R 4B A, 43 70l € FL N AL Ak POy, 24
fash PO (KT MLpy PO FIURT, T A8 AR K 4 FIUFT-.

4.1. CpG-ODN F{&4bxt i Bk 4mpapd1E B

Sung %£(2010)5L36 45 H , CpG-ODN H.$245 & M ERAH ML LRSS 1 [17]. Rk, ASHE 50 & e hff e DU A
CpG-ODNs #& M 45 & MLERGH M, H235 PR RSN S25, 125 thsE VU CpG-ODNs %o IfiL Bk 4H ffd (1) B 422 5 1
v . F%F ODN2006 F1 ODN2140 43 %+ 30 Fi1 40 pg/mL I AT LGS A3 95%A1 92%(1 ML ERZM S, AHF
FLIIPYF ODNs H, ODN2050 1 ODN2051 tA] L5l 95% M4t &, (HAT Tk EEAR; 2R
ODN3006 #i1 ODN4006 T 50 pg/mL i, REE5 72%F1 88%[H4HAL,E & . X Lbss A, ODN2050 Al
ODN2051 A LLfEF K #2r IERZH s, ODN3006 F1 ODN4006 U 554 52 i I BR e i 45 45, o2
ODN3006, It4h, HIE 1 MHKE ODN S IRES & R ANLE A 500 I ERZH M BT 75 9 15 (BCo) 4 R 5 L
ODN2050 T 0.5 pg/mL fE5 8.1%ZHMILE 4, 1 ng/mL fedh& 21%IMER, 7 T HAlK ODNs, H. BCs
WA T HoAh ODNs. HIASHT 7T A4 3 45 5, ODN2050 1 ODN3006 5 4H [ 40 M e e A R 2> T 45 &
6 ODN2050 < FEHI N, fe5 ODN3006 254 T F. X Eash RN i) nl fg J5 K f45: ODN2050 254
BRYM 5= R0 g T HoAth ODN B2 M ERZN i _F 85 ODN2050 54 150 T FiZEAS H—Fh o 1% B30 47520
0 R FH 55 4 S 00 AN F A 7 VAR BRI o
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AU ERRGAHEZR, ERAHMEFREZm T, EXHAE ODN2006 FIPYF ODNs #REEiE
IR i ERAA PO, RURINEORE R FH s HR ORIk A 2 5 (] 3). FUnT Y ODN2014 JU 241
HRETR AR P o W0 F5 R0 1) CpG Bk GpC i 2 25 2 Mok /N BN 411 SRR BRSO [ 7] [23]. A it
ODN2050 Ml /2 R4 it R M s i, KA CG H o4l ) ODN2014 J& 41 f 3N CG mizkfs, Tl
FTREEAMHIER, AHAR KB RININ E 45 A S TIAR S o HEMI LT RE SR R = 7% 2R 44 p A B5L 7 119
EEERA < HAMHIER . CC EEXE'S ODN RURA K. LA M Z 7 BT EL

4.2. CpG-ODN FHR &P MLBk 5 7% 52 B B9 20

B TR 2 R R A%, N T RSN SREG T4 ODNs fAE FH A2 B 7EE NBRAJE 7 2 — 30, A
Wit — A E ¥ 51 CpG-ODNs 4T NEFAE J5, 0B BRI BERTRL/E I (POT R 3H) PA K i3k iy =
AN R AL B 2L R G (PAS)FE 5= I LK (propo. pon A a2-m) Al — AN AE 3 A alf R I (MRNA
TR GRER, EXHZAEHEE ODN2006 FEE 55 ifil 3R BERUR A FH R 32 DY o G 92 56 DR (1% 3% 5
ODN2050 F1 ODN2051 % =Fft PAS AH ¢ HE K ) % s 5 & B AR 2R, HA 91K PO B 45 R 5 kb skis
gER—2, Hr ODN2050 ZURAET ODN2051. Xu %5:(2016)8F 7e 5 i, SEF1 /755K ODN il B+ Fu s
FIHICR SR TS5 M 1555 [27]. RGN 1L AN 2 MERSE &3 455, FATHEN ODN2050 5% 1 71 7] G i
J- ODN2051.

HAM, ODN3006 T4 e FIRRURAE -, (AERRA N AMEXT K PO FIEE o2-m Joszm, H
FOHIE D propo A1 pon F1 4% 55, S IfiL 3K R 52 0 2808 5 4 4 7 ODN2140 75 8] (1] 5) o £ 0HR K KR,
A R 7 CL 2 UE B ODN2006 32E AR f5 1T AL B AN [F] TS B 42 SRS R L BR 1K) PAS 35 A 2 2 (K]
propo {15 3%; 1 0s-ODN13 A50i propo FHIH 241 ODN2006 Lk RNi[15] [16] [17]. HH Fikah i
HEill, ODN2050.ODN2051 £ ODN3006 H] fig 7z ik A~ [\ #% 45 A2 i iF 1~ 1¥] PAS, 1 57 ODNs 41 ODN2006
NiiZ AR 11 ODN3006 NI Al G &M . %+ ODN4006 AJ g5 0s-ODN13 AL, W REHA AL
fth ODN [WEZIAIRN, & H A,

BENSRIGAR Y, ANFEYFEEHHR T ODN Rl BEH Z R:[8], ARiE CpG MIXIBFHIAF, TEAFRMFZ
(8] ()RR AN [22], 7 CpG E: 7 I RIS FAT e F1 e s PR [7] [23] AW 5T DU CpG-ODNs
ST AR AT RN AN S m Y ODN W ih MRS« AARHh B A P SE56 3,  ODN2050 (1520 2 M 35 5
B BT TR A 2 o 2 A1 S 41 ODN2050 7] G 75 2R 44 Py FoAth PR 7 (0 18 [V F A4 2= B S0 E A o (H 2
A P S UE B AN AN RO . 3 4h, ODN3006 1.0 H A H CG H GC EE 4% T ODN2006, {H-T-UF4 Py
{10 S 1 25Kt 5 TR 2 o AR AR ASHIE 5 1) 6328 S 7 5 T P 45 5 236 55 & SR A SI2 36 ¥ DU ol CpG-ODN's 4850
S, BT ATRER AR R B ODN2050 AT ODN3006 540 5 il 45 2 % 4F, ODN #%.0rh GC Al
CG H IS Z LA J ODN X IfiLBR ¥ 45 & 2 AR A /) # T e 5 ODN [s2Ma R N 5 06 . X e DA 2 B 22 546
EZ .

4.3. #HI1E CpG-ODN P& & KM HFFRERERIZE T

J& Z B 537 (LPS) 9 JEAH 1 73 F AU (PAMP) 2 —, Wl LA S s IK R 98 IS, BLFEERZE[28]. A
BN SERR IR AE R JOIRAS , FRATFE TG L8 b, DARF i i PO7 AR IR P 45 1D H Dk i S A it 1
( Glutathione Peroxidase, GPx){E Ak # f84r, WIFG4E— REFFVEN 2.5 ug MNEZWE 7 7(LPS) 5 1 /M,
HF2 POt (45.7 £ 9.92 U/min/mg) & T AR VEST LPS H% HEZH2H(64.4 + 8.10 U/min/mg), GPx & 1:(6.1 + 1.7
U/mg)th i T 5 B 2H(2.6 + 1.5 U/mg). Itk AHFTEH 2.5 pg/J LPS Fill & i S b B S 2 MFF 58 SRR R A%
URF- o AHIF T AR BE B YL MR- R R 45 T 3 ) 1 ODIN Wk 2% % 9% 1E FH T A A1 DR s B RSB T 3R o DL ) Jek vk
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SEBG ORI, BELlM 4 ODN3006 5 ODN2140 4bFE 2 & 7% PEUR T 7YY J5 I A0 T2 5 ff SEAI T AR AL B 2H FE
TIE(3R 3), R BERTCIE KR B B AR R 2 RAS IR 1) B Bk, (ELUE B R4l M ODNss 7388 B AT AR i 1
BET-HIZCH  IEHH ODN3006 1 ODN2140 N A # . 42+ ODN3006 i M 2 75 5 2E A (K] 1)K
N S56 R 8 MERIERE (] 2) /0%, 20— .

5. &g

RO RS S5 T, VY BASE 741 ) CpG-ODNs X iR 14012 Jz b B A AN [R5 /5 B . ODN2050
H1 ODN2051 #F fit 18 5 iR 7 ifin BR (KB SR/ F AL PAS; ez, ODN3006 I il] 3% 6 1ff R ) 4 28 52 3 5
ODN4006 T 5 48 Js b B S 5m . Bh4h, 4014 ODN3006 fE PR K JORAS 2 0110 2 Jddk o AT 5%
S5 AT AR HEFF R A F RN 2. CpG-ODNs LAS T3R5 2 25 o AR VR AT DAL RGN T PIRES, ik
FEEOE RN ) ODN  LURRE T 37 FE 1 AR T (A7 35« DASZ B FLE R IVUR 7 OB, RFER4h ekt
ODN2050, tH¥F4x T8O K & BT IEURFIIZET:: #% THHI 1 ODN3006 AJ fE R A 2 1M Js %
LIRS RO

B oW

AT 5 B AR 5 4 B 5T 22 2% (NSC 98-2313-B-031-001-MY 3) 75 LA Al 52 i o
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