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W&, FHI, EFR, FFE

(RIS R 2K 2208, R B2 453007)

L8,

WE: W REEnERERHEAASAANEHABT AR HAR T NIER, LHA A
RACEZ % 501 7 H AR B i SAA(MnSAA) 2 FIcDNAA K JF 7|, XA LB Kt EE
PCR(QPCR)p AT H A H ABIH AR AL FRAFHMWRELFN, UKEEHRHE -
KA BT A B JE LR A AE R F (WSSV) & 4t J5 MnSAAFE o ik B 40 fin o BT iR & 00 R £
W0, [ B E R B RNATF 3 (RNADS A W T MaSAAZL BBk J5, H A B4 B & 48k
REME 5 HE TR T #E T & 8-1AP-)MBX & & 1K (CD36) 3 I & & & 6 K AT 1
ERRATELM. HERE T, MnSAA3 HcDNA% K649 bp (GenBank & F 5 :
MK292888), 4,421 bp 5'd 44 X, 232 bp 3'd: 4 X, 369 bpF ik i A 42, 44 1314
BAEBAEL, EERFILARZAH# NI MERL T, MnSAAE A B T & M H i i%
ERFER BAK B(A-SAA), HHMAMES R A MM F A RGN FEL X R &L, mRNAK
KM BT, MnSAAX 7 B ARG A AL fok £ KB A Rk, 27 &I IR
RN BTN REERS; HEERRELREXY, £HARBIREEEMKE. XA
B A A AR R E E12~T2h, Hodn bk B A0 AR IR B MnSAARL F Rk E 5 B4
MIHEEAET; RNAIZR LR, MnSAAXH LR 5, B ARBAFFBEE FAP-150
CD36EH n Al A LA L KA EWE E 12~72hf6~T2 h 5 xt BAMILE F THE, BHA
BREBATEFARPLEARRENHES A BANMLARA T FARXEXY, MnSAAS
5 R ARBITHIRREER L RA, EHRBITH A ZEG AR EREENEA.
REEIWE: HARBIT; MR FEGA; EE TR, 448%%; KEMARSE; RNATH

FESES: Q785; S945.4

WA R e & — R g L AR R 1
18 XoF 70 A0 e A 1) A AL AR, T S S
(acute phase response, APR)EIFZ sh#) 1) 5t K4
95 SN A% O R, B RED AU, IR
SR A= B A B JF AR HE LR BB 5, DT A
YO PR S RS, 2o B 1 T (acute
phase proteins, APPs)/f&—2H 3= iy - 41 g 7= A= il
BRI B BT, AE APRIME]IEfTTHE K b iy

i EE: 2018-12-17  f&EIHHEA: 2019-04-14

XRkPRERRS: A

VB T DLAE B0/ N B BOBOR P 3G i sl 0BT i
15 VE MY FEEE 1 A(serum amyloid A, SAA)Z—FhE
FAPP, B 5K M RAE RN A IET
SAAR IR AR, 20t v Ve f A 8 F
AT I (A-SAA)FIAL B8 Il 1 € B FE 2 1 AR A
(C-SAMAL L™ . A-SAATFTE T B A7 B HE s 9 1k
W, TERIER M, HFEETUMEES, M
ok B I KA 1 00045, B R R

BHTE: EHEKEHAREES(31972812); B E BH TR B R E S0 50 H (13A240509); 7] B9 i K 2% 18 L RHIt R 30 9%
TR H (qd17142); W FF4 B S A T H (192102110081); 8] B il i k2 A A RHF I H 45 4 20 2% % B & 15

(20180531)
BEEE: %%, E-mail: xjli@htu.cn
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P FIL-1. IL-6 MITNFas T 50 & ", iC-
SAA, HRAYEAPRIIAMLA w55, HH
FEN TN B P g & 0

UTAER , SAA T E AR HE S ) 1A 1A 1 42 51
ok, BEWMILIY. 3. MEMEIThY
SHEMESY R Z AT, B HET IR, X
TEDBOTCHEMESh Y h S 5 SAA, 46 + 1k H
(Folsomia candida)(GenBank’5 5% %5 : XM _022112887.
1). #1E Bk (Dolomedes mizhoanus)(GenBank
BHoRS . KC480151.1). 3CHE (Meretrix meretrix)
(GenBank# 5t 5 . KM850989.1)F1 7 itk 4 5
(Crassostrea hongkongensis)(GenBank& % 5 :
KF156832.1). H523h ¥ AISAAH Al i R W42
il H5eah® H A8 KR (Macrobranchium nipponense)
)& F 1 /& H (Decapoda), /& i F}(Palaemonidae) .
HYFE (Macrobranchium), N FRIEF . HEF, B
WIREE L, HERFE, AARENETENE.
ML E e ras, ke, P fE b E 1 2
TSR . BHET, HARBIRE SO IR EIR K
TR FEREZ —, P ChEL ST %
2017 ) VARG RS, 2016 4F 4 [E H AT IR R4
AEFREE27.26 Jit, TEIRK MRS FRGE ™= f v s 5
3. (HFEAE H A VE R 53 58 M 9 & J ik A RE
BRI, H 57 B R b PR TR) R R Of B
Z, WOKBTIREAE 22 | S, 3 H AW
R REFETS, %5 HARTHERFRFE A R T E R
SR A TR H ARBE IR PR ILE, A&
e ol T HSAAKE R (MnSAA) ) 4= K cDNAJF
G, WEFE T % AE H A TR RS [7] 40 LR [A]
KE BB RBE, DA R R T
MnSAARE R RIBA, T35k, WL T MnSAA
FERUUBR G, TEM AR EE T, H AT IR R
i b BT F R - 1(AP-1) MBI I R Z A
(CD36)3: R ik B4k, LUK H ASTE AR AR
TR . AW B FE4R = X MnSAATE H A&
TH W 5 R fe g2 B rf AR T IR, DT 7E 557
B S e b R H AR IR HRBUB R B T, 1R
FEH Y BT HE A A

1 MEHSTE

1.1 SCIe#t R

fa FE Y AR B AR 3 R (3.5+0.5) g VR T8 £
K=Y, LR EEFHT dUKIRQS5+2) °C, pH

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

(7.27+0.40), HMATTE, & KSR o R
2RVG, FH T ALEURE Sl i 2R S g D A Jak g 512
¥, RAEHLFESET, K EMFI6REEr, B
W . DPEL . R FBRAR . BE L O BE
B AL S, R4 Y I bk B8 ST R
ANEERBBPLEEFIF RS, RE, 4°CF, 12
000 r/min#5.(>10 min, % LS, 75 2 i ik 2 40
ffL, SEEDIEATRNAMEEE . SR 1) HoAth 41 21 57
Hljit ARNAstore Reagent(KA#R, dtx), 3+F
—80 °CYKF IR AE, HBNHFTRNAMFEH

1.2 FE% BRTHAR H AR AR &

SR B R 830 5 H AR VR I IR AR 12 %
KK E B BERRRIE . BUZAG IR (Z K52 hil) .
TR ZREE10 d). BOR AR (Z R 520 d) .
BREF 2 AR (2L S5 10 d) . AFEF (AL )E 30 d) B iR
(A J5 60 d)I 1Y 3 LLIREE . 45 & B I EUREE6
R(n=6), HamakH)E 7 RIS ARNAstore Reagent
(RAR, dbsO)rf, I F-80 cCURAEIRAT, B3|k
TTRNARYHEHR .
1.3 BARBIFSAARE £ KRB

F218 77 £ Total RNA kit Il (Omega’Z 7)) i
A A5 X5 H A V8 0 e B 20 2L BUR RNA . i ]
NanoDrop 2000 & 58 436 B T (Thermo, 38
FE ) 52 RNAFY V& BE Rt 5, 5 R 1.5%350 05 b
I L PR T RNASE 3P . R J5 $# primeSeript™
RT Master Mixi& 7| & (TaKaRa, 3% 454
B —HEcDNA, ARPEA SL50 % H A VH R4 Sl
I 7 (NCBI SRAZIUH 2% 5645 . SRP063589) 1153
BN SAAFE N 7 Brsit i ml i B 19 : MnSAA4-
FHIMnSAA-R (£1), L H A 7B UF AT B IR cDNATE
HREARHFTPCRY Y, ARG MnSAAKE R 1Y v (8] R
BOP A . e T RAS 0 e BT 0 Y b ik
113"-RACEFI5 -RACE M5 5 145 ¥ MnSAA4-3'-
GSPHIMnSAA-5"-GSP (#1), F/HSMARTer"
RACE 5'/3' Kit(Clontech’Zy &)iak5l &, ik
& 1 A8 A 51 % (universal primer, UMP)A15 11
[)3"-RACEMIS'-RACEFEF LS9 5 3193 H 1
S 3 S AR P 5 . PCRY™ 1 = 4y [l i 4
b 3% 125 A 5 Pk BHPE v B = 1 B R A
W AR B /T o F T 3RAS R b e R BEY
G . 31 HNS S ) A0 PF R ARAT H A VR KR SAA4 K
cDNAZ KPS,
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302 Ko kAR 4%
F1 ZBEFFARSY
Tab.1 Primers used in the study
Eik7 FFHI(5-3") Hiz
primer sequence(5'-3") usage
MnSAA-F CTTCTTCTCCCGCCTCG o i) - BT R
partial sequence PCR
MnSAA-R TCCACCAACAGCCACAG
MnCST-3-GSP GATTACGCCAAGCTTCCAGCAGCCAGTGCCGCCGACCAAGAAGA 31344 3’RACE PCR
MnCST-5"-GSP GATTACGCCAAGCTTGGGCAGCGTCGTGGTTCCCTCTT 81 SRACE PCR
UPM TAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 8 FH 514 universal primer
MnSAA-qf TGTTGGTGGAAGTTTTGCTGC R’ E & PCR
MnSAA-qr TCATCCTCACGCCTGTTGTATT QPCR
AP-1-qf CAGGCGTGTCTTTGGCAGT
AP-1-qr CCTCTTTGATGGATGTGTGGG
CD36-qf TCTTCCTGGGCGTCTTTCC
CD36-qr ACCTGCTTGAGTTTGGGCTT
p-actin-qf AATGTGTGACGACGAAGTAG :?)j;:e%eping gene
p-actin-qr GCCTCATCACCGACATAA
T7-MnSAA-f1 TAATACGACTCACTATAGGGAGATCTCGTTGCTGTGGTTGTTC dsRNAH R
dsRNA synthesis
MnSAA-r1 CTCCCTGGCATTGCTGAT
MnSAA-f2 TCTCGTTGCTGTGGTTGTTC
T7-MnSAA-2 TAATACGACTCACTATAGGGAGACTCCCTGGCATTGCTGAT
T7-EGFP-fl TAATACGACTCACTATAGGGAGATGCCCATCCTGGTCGAGCT
EGFP-11 TGCACGCTGCCGTCCTCGAT
EGFP-f2 GTGCCCATCCTGGTCGAGCT
T7-EGFP-12 TAATACGACTCACTATAGGGAGATGCACGCTGCCGTCCTCGAT

e BURRIZEE > 915 bpBUER RV, R RIZGA S NTT SR Bl T RS

Notes: the 15 bp vector homologous sequence was underlined, T7 promoter sequence was double-underlined

1.4 FHXFEE o4

i e 2 B X MnCSTHEAT FE 91 40, 1
5 FF ik 158] 2 AE %) F5 0 (http://www.ncbi.nlm.nih.gov/
gorf/orfig.cgi). & 1 BRI AH XS 437 o7 & DA Je B
V& S5 HL A5 A9 L (http://web.expasy.org/compute_pi/) .
B BB R AL A7 A5 I (hitp://www.dabi.temple.edu/
disphos/). %& H 15 5 BE T (http://www.cbs.dtu.dk/
services/SignalP/). & H 1Y I 6 45 ¥4 8k 3t )
(http://smart.embl-heidelberg.de/ index2.cgi)Fll
T Y 5 I 25 #4) T30 (https://embnet.vital-it.ch/
software/TMPRED_form.html)%% ., L F ClustalX
2FET A T R BR 2 H 7 51 LU X (http//clustalw.ddbj.nig.
ac.jp/), W HMEGA 5.0%% 4 DL &R 422 1k 4 2 3 4t itk
i

http://www.scxuebao.cn

1.5 MnSAARImMRNAFRIAERX S

MnSAATE H AR MR AN [5] 2H 2RI AN 6] % & B
B 2 AR 2R FH 92 5 9% ) %€ 1 PCR(QPCR)7: 37F
17 B 45 & Total RNA kit Il (Omega’Zy
AR UL X H AR IR AR A LR R EF
By Bt ) R BB ELRNA . RNARY M | 4l & Al
52 R PR A DU (] <A (] ¢ 5 IS 30 ) H A T R A
B R4, fd H PrimeScript” RT reagent Kit with
gDNA Eraser (TaKaRa)i 1) & 4 41 21 S RN A
1R 5k o ARHE T 58 BE I MnSAA 2 KT 41 i
WG E E I Y MnSAA-qf FIMnSAA-qr, PLg-
actin iy NS AL (1), i FHHCFX96 52 Hf 285k
PCRH& 1l 2 %% (Bio-Rad, USA)FISYBR" Premix Ex
Taq™ II (TaKaRa, K% )ik i#t17qRT-PCR, &
MWAKZ (25 uL): SYBR® Premix Ex Taq II 12.5 pL,

o E K= % 2 J»  sponsored by China Society of Fisheries
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E. Fi5I#41.0 uL, cDNAFH2.0 uL,
ddH,0 8.5 uL; KW FRIT: 95 °CHiAEH:30s; 95°C
5s, 60°C30s, 40P, AR EIN
B, RG22 AL AT I FEA MnSAAR R X
ik H, SPSS 20.04k {4 One-Way ANOVAZ 1143t
fP A3 8, 4T LSDA DuncanlX b4, WU
P<O.0STE R HA W EM 25, 45 R P HELR
1% (mean+SE)#E /s .
1.6 FRIFEAREREI

H5 400 HAg R B4R H AR TR R4 44 W
BERER T (Micrococcus lysoleikticus) (2 =% [ FH P
TR | RE /KR M R (Aeromonas hydrophila)
(25 GBI AL . HBEZE A 1E R 7 (WSS V)
YL ZH AR B A 100 2, 40l A 4 7K TG A

(100 cmx30 cmx74 cm), FEAH A [R]“ 5256 4 1

HH A VH AR 0 5296 2 B 95 45 o 3T I 1A 34 ok
H T AL = IR . S5 25 ITE S 10 pLi
B BR T (4.0x10'° CFU/mL) . W& /K < B it
(1.0x10* CFU/mL)FIWSSV(80-1~/uL), X B £H 1 5f
SRFNPBS, JETUESE 0. 6. 12, 24, 48 Al
72 W5, A EELEBC6 R R, 4 U A I gk
AR RAR A2, T T S RNARYSFEE . ERNA
%) i BB 52 Bz 53¢ B i AT ¢ 10 7F) & Total RNA kit 11
(Omega’y w] ) FllPrimeScript” RT reagent Kit with
gDNA Eraser (TaKaRa)i i ] 547, 85I H
QPCRELA, A 37805 Ji A4 8 e J5 H A T W il bk
EXL £ A 0 AT 8 R 2 20 MinSAASE TR R iR AR AL
QPCREA 1 7 2 IR “ MnSAA R mRNAFE ik 1 5 73
B e i) S 56 A5 BRIEAT

1.7 RNATFH (RNAi)ELE

MnSAAFE PR I8 58 K £4¢ (2,96 Y6 & (H (EGFP)
JE R 1Y XUERNA(dsSRNA) 45 1 4% IR Qian %1
RSN S 7 5 1, SR 5 L1,
B R H AR VR IF200 H (CF- 1 1 B A BT i 294.0 g)
Gy 24, SERG AT R 4145100 H o 4% 8 Bai "
(R SIZHG Ty e, 206 2 R R 2H 40 ) UL P O ) 4 g
dsRNA/g/k Jifi & ) MnSAA-dsRNAFI EGFP-
dsRNA, 7£7EHH G 5 487Nk 4% 21 Bl AL 306 L 6 8
IR, I3 R AR MR A TR, P2 BUSRNA, A H]
QPCRAZ M dsRNAVE 5 J5 MnSAAKE KT B 1) 5%
F FFAEASRNAT: B G 2R 48/ 5, S0 20 A
Xf HEZH B PR ORI, RS Y
0. 6. 12, 24, 48 fI72 hii5, iHEEGLHAFRYZET
i [E 7K 77 %% 4> 32 /) sponsored by China Society of Fisheries

BH, iR BT, WA P REL
e UF, RAUFA B, AT SRNAM R
B, FIHQPCRA M AP-1H1 CD365E K 3435 1y 48
o ERNAM$E UK SR8 #2130 57 £ Total RNA kit
Il (Omega/A W)L 43 2E1T, QPCRZ: fE“MnSAA
A mRNA R KA 20 B v 1) S50 20 R AT

2 4R

2.1 MnSAAE EDNAL KIS EBRFFI ST

St FERE P A 2 0 Fn gL, 45 /R MnSAA
FH [H cDNAJF 51 4K 649 bp (GenBank# 5% 5 .
MK292888), H 15 kg X 21 bp, 3'dE4iY
X K232 bp, poly(A)RBHIA 1M MEIFIIAATA
AA(#1-a), IZEE I TT I HEZ96 bp, Zifih131
MEER, HRMEAS TR M13.756 ku, Hip
HFHE NS 61, 53§ N Co02Ho7N 17001553,
B ENAMR19.1%) . HZRR(13.7%) M K& AR
(6.9%), 2HZ R A 550 2 IR % it e AR (0.8%) 0 73
Ah, TEZE IR F H L 1000 F] 4485 1R Ak A
J AN FH R (Tyr) o FHAE LB A4 B BoR
MnSAARRER 79 EE IS S IKF, A T4
1~1907 Z 5% ; 1D SAA(INL G TE W RERR 1 A)Z5 1
B, PLFE3I~13I0 IR ; 1R85 3~150 F AL
A — KR 7% B X 3 (low complexity region,
LCR) (Kl 1-a, 1-b),

2.2 MnSAAZEHFIIEIRMEEB R ARG HL
A

FIFINCBI BLASTP# {4, #4 MnSAA FH %
15 1 L R 91 5 HA B M 3 W) Y SAATE 1 & 3
R 7 5 E AT R U F X o 255 7R MnSAA 5 i
% (Oncorhynchus mykiss)i SAAZ FEMR 7 51 A AL
T, K65%, HIRNFA A B4 (Epinephelus
coioides, 64%). & &1L (63%)F1 4L (Pelodiscus
sinensis, 63%). 5 H A JLFNICH HE ) & Hs 4t
WG SCHA 5 Bk B SAA G LR B AR AL 43
BR56% . 50%M146%. f# H Clustal X MnSAA
HHABE MY R SAAR KRR P AT 2 E I
X, RIMAESAAR IR T ) MIN-Im A 1155
JBk, A6 S Y A R A 24 a-BEiE X R 2 B-Ar B
X, JF#HEASAAL B (K2), FIHIMEGA
6.0F H R G b AL, IEIEAS 3 S, B HED)
MRz —, THEMIYERN—Z, HARBIF
SAAL TOHHESh I B s 410 . BRI . SCIR S
Bk U SAAR y—3Z, X5 H ARG /32 Hh

http://www.scxuebao.cn
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304 KopE o R 44 45

1 GITGGTTTTCTTCAGAACAAAATGAAACT TCTOGTTGCTGTGGT TGI TCTTGCAGCCGTOGCTGOCGGCACGGAGGGC
1 KLLVAVVVLAAVAAGTEG|
79 GCOCCAGGTTTCTGGGACACCATCACCAAACCCTTCAGTTTOGCTAAGGAAGCTGTCCAGGGCGCAGGAGATATGGCOC
20 A PGFWDTTITIKP FSFAKEAVQGAGDMA
157 GGAGCTTATGGOGACATGAGAGAAGCCAACTGGAAGAACTCAGACAAGTACTTCCATGCAAGAGGGAACCACGACGCT
46 GAYGDMREANWI KNS SDI KYT FHARGNHD A
235 MAG:MAMGAW@GAWAMMT%CCA%A%%@A%@AAM
72 A QRGPGGAWAAEVISNARETVDOQWRG
313 GGAGACCCAGCAGOCAGTGOOGOOGACCAAGAAGCCAACAATTGGGGACGAGGTGGTGGAGATTCTAACAAGTACCGC
98 GDPAASAADA QEANNWGRGGGD SNIK YR
391 CCTGOOGGACTTCCTICACAATACTGAAGGAGT ATICGA(I}ACCCITGAAGI'I'I'ITCCAAAGAACIGCCCAA%GAATT
124 PAGLPSOQY *
469 GATGACITTAATGGGATTICITAIGAGHCGTATAGGGTIGGIGCICATGITICAGAGTAGTACTATACGTATAGTACT
547 ACATTCTCATGAATTCTTTTGCTATATATTGTTATTTCTGTTACGT TGTGACCATGAATTGTTTAAAATAATAAAAGT
625 TTTAAAGTAGAAAAAAAA ®

a

0 100
(b)

1 MnSAAEFE 2K cDNAF IR G EEEF 5 547
(2) MnSAARE [H 4= cDNAJF 1) FI HE G I E FEBR /7 4] . ORFIX {246 % 10 T (ATG) I & 1L %00 T (TAG) 40 5 R R 2k e, KAEN NG
FIKFEA, RO B A SAAL MRS, LN R R IR R X, B SO ERIR M Ak, 0 = A (AR - TN B IR AL AL
L, BURRIZ 6 R poly ANE (S 5 (AATAAA). (b) T AIMSAALE I8 . #4165 358 50 N SAALE I, By 40 € 40 A A2 24 5 X 35
Fig. 1 Sequence analysis of the full-length cDNA and amino acid of MnSAA

(a) sequences of the full-length cDNA and amino acid of MnSA4A. The start (ATG) and stop codon (TAG) of the ORF are underlined with fine lines.
Signal peptide sequence is boxed. SAA domain is indicated by gray backgrounds. Low complexity region is indicated by thick underline. An asterisk
denotes the termination codon. The phosphorylation sites are marked by A. Putative polyadenylation sites (AATAAA) are double-underlined. (b)
predicted domain of MnSAA. The orange part is the SAA domain. Pink part is low complexity region

{7 A0 — 2 (E13). 241 (P<0.05), HR RS & . DRSO gk E 40 e,
2.3 MnSAA mRNAHAFILIER FEL JIE P Y 3k B il . MnSA4 mRNATE W4 H

QPCR*@(D-"JMHSAA mRNA#ﬁEMS H ZIK{EE‘I;ZQ ZIK{EQ_F%tﬁ‘@H%%%EHgD% EF' E"J%‘%lﬁﬁ/ﬁﬁﬁ
[P FRIARE R, 45 B/ MnSAATE H R 78 FEF(P>0.05), fEHE . OHE. B . BAULA S
WP JB i AR X 2R GA A e, W T A Y 22 ik 0 i M 22 57 (P>0.05)(F14)

http://www.scxuebao.cn HHE K= %4 E 75 sponsored by China Society of Fisheries
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LTGLVFCSLVLG
FTGLVFCSLVLG
STGI I FCFLI LG
SIGIIFCFLI LG
LTSLVFCSLLLG
CI CFVLLSLINC
CI CFVLLSI VLY.

N Homo sapiens
FM  Felis caus ...
“ Bostaurus ...
K% Oryctolagus cuniculus ... .|
AN Mus musculus Lo
BYXS  Numida meleagris ... .|
Wik Gallus gallus ... .|

430G Anas platyrhynchos ... LCI CFVLLAVI VC
WARS  Aptenodytes forsteri ... .| LCVCLVLLSFI LC
hMEME  Geospiza fortis ... .. LWVCI ALLS VVLC
thAgss  Pelodiscus sinensis ... .. CNCMLLLSLVLC
BE SRR Sphenodon punctatus .. ... FTCMLFSSLVLC

LV Alligator mississippiensis . . . . . | FTCIFLLSLVLC
BB Epinephelus coioides .. . . .|
HWt  Lates calcarifer ... .|
U5 Oncorhynchus mykiss ... .| LLLAGLVLTLVVG
Wi Cyprinus carpio ... .. LI LAVLVLVLVVE
W5t Danio rerio ...
FIAIAER  Macrobrachium nipponense . .. . . |

WAk Dolomedes mizhoanus - .. - | AAVLLAF ALLLLAS
dE Meretrix meretrix- ...
LBk Folsomia candida

N
N
N
Ni
N
N
N
N
N
N
Ni

Z

Z Z 7 7 Z Z
> > > > > > > > > > > > > > > > > > > > > )

Consensus 1550k
signal peptide

FMi Felis catus

£ Bos taurus
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Fig.2 Alignment of SAA in M. nipponense with those of other known animals

The program Clustal X is used to align the SAA sequences. The signal peptide sequence, a-helix region, B-sheet region are boxed with green, red and

purple colors, respectively. The blue short lines indicate the first amino acid of the SAA domain, the orange short lines indicate the last amino acid of the

SAA domain, and the amino acid sequence from the first to the last amino acid constitutes the SAA domain

2.4 MnSAA mRNATE H KB [E] % B B HA
HIRIEER

MnSAA mRNATEA [6] % & By Be i H A 75 iR
MY IR SE R B R, MnSAA mRNATE S AF H 1 4R
XA R, B R T HA L T BB (P<0.05),
HWNATER, PR A RSB B E & T
ZHREON . JC G L RCR 4 R RO AR &)y 4 (P<
0.05), ZZAEHN . TCTHIAR . BARGRFBR IR 4 {4k
1 [ MnSAA mRNAR) 23k 17 TG ik 3 1 25 5 (P>0.05).,
MnSAA mRNATESZ KGO8 v i 2 ik & i AR (1815) .
2.5 REERIRE RN HABIF MnSAAE
FIEHI S0

VRERCRR R R HAR TR ARG 12, 24H0148
o [ 7K 7= 42 2> 32 5 sponsored by China Society of Fisheries

hiG, LT 0 40 MnSAARE R 2 3k B 5 % IR 21
(PBSYE ST 41)HH LAl f 3+ 55 (P<0.01), FLIER 3R
SRR N B4 9622 . 86.8. 105.0F145.21% ,
TR YLV BERAER T 72 W, LI EL 40 B P MnSA 43
DA 2 3k it 55 06 BEZH A L B 3 T v (P<0.05), i3
IR 22 35 B X BERAL 19 2. 745 (1 6-a) 5 5 BE S Bk T
B H ARG, 12, 24, 48F172 hiT, B
H MnSAAKE R &35 B 5 0 B AR L E ) B 5 TH
(P<0.01), HELPFRIK &350 0 X 2019 10.8
14.6. 24.5. 20.7H149.26% (K 6-b).,

2.6 FEKSEBRERRX HABERMnSAA £
ESESv:0EA

HA B HR R L g K R 6. 12, 24,
48172 hfm, Ik EL 41 e v MnSAAFE IR £ ik 5
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BERXS  Numida meleagris -
WiskXS  Gallus gallus

%3KH8  Anas platyrhynchos

WiAERG  Aptenodytes forsteri

FMEHLEE  Geospiza fortis

hE%s  Pelodiscus sinensis

PG Sphenodon punctatus
FEEWIES  Alligator mississippiensis

/INBR O Mus musculus LHEZN W)
-\ Homo sapiens vertebrate

KW Felis catus
- Bos taurus
N Oryctolagus cuniculus

i Cyprinus carpio
PEfh Danio rerio

——— UL Oncorhynchus mykiss
BE A BEf Epinephelus coioides

—!:E%@ Lates calcarifer -
HAYBUF  Macrobranchium nipponense M
TR Crassostrea hongkongensis -
NG WE  Dolomedes mizioangus iﬁi‘ﬁzﬂ %
X Meretrix meretrix invertebrate
TIEBE R Folsomia candida

0.1

B3 SAAZRG LK
SAAFTFHIEF S : B BRI (XP_021257885.1). Wi kXS (ADF56353.1). £¢3L IS (NP_001297733.1). 7 2 #&(XP_009287041.1) 1 s 22
(XP_005427242.1), F4E 8 (AEB77777.1) BE A2 15 1 (AAM46103.1). 35 [H 48 W) #2 (XP_014457668.1) /N (NP_001344422.1). A
(NP_000322.2). ZFJi(NP_001035288.1). 2f(NP_851359.2). JC4(NP_001075771.1). ##f#(ARO38309.1). BT £ (NP_001005599.1). W[ fitf
(NP_001117908.1). #}F f1 BI 1. (AFQ00088.1). H 1 (ADE05545.1). & #4115 (AHY23235.1). 888 X ¥k (AGR53514.1). ¥4
(AJF23095.1), =48k d1(XP_021968579.1)

Fig.3 Phylogenetic tree of SAA from vertebrate and invertebrate

Accession number of SAA: N. meleagris (XP_021257885.1), G. gallus (ADF56353.1), A. platyrhynchos (NP_001297733.1), A. forsteri
(XP_009287041.1), G. fortis (XP_005427242.1), P. sinensis (AEB77777.1), S. punctatus (AAM46103.1), A. mississippiensis (XP_014457668.1), M.
musculus (NP_001344422.1), H. sapiens (NP_000322.2), F. catus (NP_001035288.1), B. taurus (NP_851359.2), O. cuniculus (NP_001075771.1), C.
carpio (ARO38309.1), D. rerio (NP_001005599.1), O. mykiss (NP_001117908.1), E. coioides (AFQ00088.1), L. calcarifer (ADE05545.1), C.
hongkongensis (AHY23235.1), D. mizhoanus (AGR53514.1), M. meretrix (AJF23095.1), F. candida (XP_021968579.1)

XiF B LA HE MR 25 T R (P<0.01), HIER IR M D MnSAAKE N3R5k & 5 X0 BRZH A [ R 3 TH s
HA X BZH 9425.1. 396.5. 446.4. 355.1F1  (P<0.05), HEEPHFRIK G4 51 A%t B 4H 1 146.8 1
340215 (8 7-a); A ASTRUFECRIE K g 12, 92.14%, YL HAVBAR48FI72 h), I itk B2 40 g
24, 48 Wi, HFHBEAR T MnSAAKE R %5k 5 5 %} IR H MnSAASE H 2 3k 2 5 5% B4 A0 b i 8 3 T
ZH A e S 35 T (P<0.01), HiIEPH ik 4 (P<0.01), H:FL PR 3k 54050 o0 X BE 40 19 60.4 1
X BB 16.6. 31.0H139.24% , YL IE K S 2 116145 (1%18-a); WSSVIEYL H AVHREF12 hi5, HF
MO 72 WS, PR vh MnSAARE PR 36 15 5 15 % 1 Hﬁﬂ%qﬂMnSAA%l%%L%EX#HHéMﬁthﬁ%ﬂ%
GUHIH B T4 (P<0.05), HCHLH L oyxim  (P<0.05), HIEIN RGN 40 ALY 13945, &
113,845 (11 7-b)., e HAVRUR24, 48F172 W), JHFIRAR o MnSAA4%E
(R 2% 35 18 5 X0 B4 AH AR 8 3 55 (P<0.01), H:
FE R AR A X IR 9401, 10 1H111.76%
(/%18-b).

2.7 WSSVEENT HARBINMnSAA B FE KA
A

WSSV YL H A JEER 127124 h5, I bk e 20
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Fig. 4 Tissue distribution of MnSAA by Real-time PCR

1. hemocytes; 2. ovary; 3. testis; 4. hepatopancreas; 5. gill; 6. heart; 7.
stomach; 8. intestine; 9. muscle. Different letters indicate significant
differences (P<0.05), the same below
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relative expression of MnSAA
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LSZHRSER; 2 4 iks 3Rk, 4 IRGEk; S AFER; 6. R
Fig. 5 Expressions of MnSAA in M. nipponense at

different growth stages

1. fertilized eggs; 2. nauplius; 3. zoea; 4. mysis; 5. postlarva; 6. adult

prawn
< 100 [ C1PBS
S 80 | [ vEEEmERE T
i § 60 M. Iysoleikticus *k " ‘i[‘
L kk
%; 20 | =
g
35 2
S8
z i
2
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time after injection
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6 REETHERE RIS H A B YT M ik B 40 B (a) R0 AT R AR (b) F MnSAAE F RiA M2
*f{ K 5 PBSALAA L 22 57 & 3 (P<0.05), **{{ K 5 PBSALM Lk 2 7 M .3 (P<0.01), T[H

Fig. 6 Effects of M. lysoleikticus infection on the expression of MnSAA in hemocytes (a) and

hepatopancreas (b) of M. nipponense

*represents significant difference compared with the PBS group (P<0.05), **represents extremely significant difference compared with the PBS group

(P <0.01), the same below
2.8 RNAILHZER

JWETE MnSAATE H AR B il b 2 5
FTEFEVER, ) H S T AR N T 5 MnSAA-dsRNA
48 b, AT MnSAAWIUTBRAR , 7819 MnSAA4-
dsRNA 48 hJ5, H ZJE R BEE  i MnSA41
mRNAF A 8 2% T X M4 B EGFP-dsRNA T
SHHACFFE T 90%)(P<0.05)(1¥19-a), 1741 MnSAAFE
PRUT R RN 1 . MnSAAFE R BT8R 2 )5 X )
H AR AR YT 5 TR S B, 25 R A8,

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

7K SR R YL 12F072 Wi, H S VB R T
HAP-1H mRNAZ A 2 g 1K T %5 B4 (P<0.05),
JEYL24F148 hJ5 , AP-1[mRNAZE I B 2 1K
T BB 2H (P<0.01)([K19-b) . WE 7K 5. il T JR% L 6 A1l
48 hf5, HAVBIFFERE - CD36/) mRNAZK A i
I R T4 BR 4 (P<0.05) 5 W 7K = 5 i TR JR
12, 24M172 h5, CD36HmRNAZ ik i & 1%
FXF B4 (P<0.01)(19-c). HAHIF ZFIET-F
T TR Y g KR BN T S S BR AL AR 2 T
TEIR YL g K S BA I 24 . 48172 W, SRR
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Fig. 7 Effects of A. hydrophila infection on the expression of MnSAA in hemocytes (a) and

hepatopancreas (b) of M. nipponense
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Fig. 8 Effects of WSSV infection on the expression of MnSAA in hemocytes (a) and
hepatopancreas (b) of M. nipponense
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Fig. 9 MnSAA (a), AP-1 (b), CD36 (¢) mRNA expression in hepatopancreas and cumulative mortality (d) of
dsRNA injected M. nipponense post challenge with A. hydrophila
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A ) 92 B AE T R HE R B BARE . TEAROE SR
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Molecular cloning and characterization of serum amyloid A gene and
the analysis of its immune function in Macrobrachium nipponense

JIANG Hongxia, LIN Xinhui, LI Shukai, WANG Jiechen, LI Xuejun"
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: In order to study the function of serum amyloid A (SAA4) in the immune defense of Macrobrachium
nipponense, the full-length cDNA sequence of the S44 gene in M. nipponense, named MnSAA, was cloned using
rapid amplification of cDNA ends (RACE) method. The expression levels of MnSAA in different tissues and
different development stages of M. nipponense, and the expression profile of MnSAA4 in hemocytes and
hepatopancreas of M. nipponense after Micrococcus lysoleikticus, Aeromonas hydrophila and white spot syndrome
virus (WSSV) infections were also examined by quantitative real-time PCR (QPCR). At the same time, the
expression changes of activator protein-1 (AP-1) and class B scavenger receptor (CD36) genes in hepatopancreas
and cumulative mortality of prawn after MnSAA gene silencing plus 4. hydrophila infection were further
investigated using RNA interference (RNA1) technology. The results showed that the full-length cDNA of MnSAA
was 649 bp, including a 21 bp 5'-untranslated region (UTR), a 232 bp 3’'UTR, and a 369 bp open
reading frame (ORF) encoding a deduced protein with 131 amino acids. Sequence and phylogenetic
analyses revealed that MnSAA belongs to acute-serum amyloid A (A-SAA) and had the closest
relationship with the invertebrate Crassostrea hongkongensis. mRNA expression analysis revealed that
MnSAA gene was ubiquitously expressed in various tissues and growth stages of M. nipponense, and abundantly
expressed in the hepatopancreas and adult prawn stage. Pathogen infection experiment showed that the expressions
of MnSAA in hemocytes and hepatopancreas were all significantly increased compared with the control group after
M. lysoleikticus, A. hydrophilahe and WSSV infections for 12-72 h. The RNAi experiment showed that after
MnSAA silencing, AP-1 and CD36 gene expressions in hepatopancreas of M. nipponense were all significantly
decreased compared with the control group after 12-72 h and 6-72 h, respectively, of A. hydrophila infection, and
the cumulative mortality of prawn was increased compared with the control group after 4. hydrophila infection.
These results suggested that MnSAA is involved in the activity of anti-pathogen infection in M. nipponense and
plays an important role in the immune defense system of M. nipponense.
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