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TEE: IEFE H AE IR (Macrobrachium nipponense) i X i i B3 (4 W i AL, 1505 T /K IR AT B2 (20+0.5) °C A
21 (30£0.5) C, #HRWKEE(6.5+0.5) mg/L, ZrilfEmliME 0h, 12h, 24 h, 36 h, 48 h Jl5E 1 HAJHIRIFBRAR A
HRAA U IR TR [ 21 (heat shock protein 21, HSP21) . #4RFLE [ 60 (heat shock protein 60, HSP60) . #4 4k . [7] I
FEH 70-3 (heat shock protein cognate 70-3, HSC70-3) F1# K 572 2 4 90 (heat shock protein 90, HSP90)%k Al 1Y 2 ik, #H
FePr A B ——HB E ALY I fb B (superoxide dismutase, SOD). %+ Bt H ik S-5%# B (glutathione S-transferase, GST) .,
A IEH B E AL B (glutathione peroxidase, GPX)Flid 5 1k & B (catalase, CAT) G P LL K 4 AUE5# iy A8k o 45 SRR,
R A T R RAR A SR 2R Y 4 AR TE R AR A T 38 BT, Hb HSC70-3 3 %k B TRl
[FA, BB i B R 3R aA TR 3 L b i R R Fe ke A TE S W W . = iR 38 TR A DG B AR AL B T B R A AN )
R AR L, BB SOD. GST I CAT BI% 1A B2 EIHEd, M GPX Wik I {UH BRiAs ik, S hR
SOD il P i I T3 FR41(P<0.05), GST . GPX Fil CAT i M i 35 5 T %] FR41(P<0.05), T I iR 68 20 £1 45 4 4%
KA, T BEARZH 2 o A A K NG A i PR ARG R, SRR s A R L R i, i A HE S B EL A L 4R
TR, mERENEEEGE T HAEINMUA RS, IPES TR EAEE MRS FF, Hf HSC70-3 FEE W RELE
H 2 VR IR A T Ptk e S SR o S IR 38 T P SR RS 77 128 AL AT e Tk e Akt 2 OCEHE , A B TE
TE T H A VR AR R X = i TR i AL AT R H ASTR R A fa B SR AR IS %
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A AR R B 2 R S AR Bl AR ) ofe i 17 it -7
Bilan, M. B TS KA RS
HesbApfh, Horb, AEWAR T DIGE A B TR N
YRR, 11k o 6 AN ] 1) BB R 3 Sk i i 47, B
50,25 F (heat shock proteins, HSPs)#lJ& i fy K8k
OPIVA) € o & = W {287 E 5ol N b L S BT VA € S i e
O RS 2 R A T AR R B e R AL
ARG, AR X R B, R LAy
FI P 2 IR AR P EE A
R 45 A L W 5 L B (SOD) . A Bt H K-S #4%8
E(GST) . A MeH kit AL Y (GPX) Flid AL &
fiti (CAT), HEA WK NIE By 3 S8 A0 4 2 4 Ry
FERMRECE Y R AE! P, Ak, MR
Kzl ia iy, FLZH UM o R A AR Ak, A
Ao AT B VA SRR EE 1R 7 1 52 T B
H 48 iF (Macrobrachium nipponense) {1 &
IR, RIET B ] (Arthropoda), H57¢4X(Crustacea),
¥ iR AL (Palaemonidae), A EFE, J& 38 E & 21
TRIKFRFEAFZE o HASTR MRS A AR S, Howid iR s
H20~25 °C, THEFEE R 18~30 C, HEA !
KL 27.5 CEXTH A TE MR8 2H 2048 FRAR 1 Bl
T o = I PR AN 2 5 ) H AV SR
TREAT Ry B W WA AR S A A TG 2y, (L AR R i
TG PR o5 | SR AR N R I, T X 28 3R G i
B, s s AR T A 2 R
FRFE KA BT, v AU B SRR B, R AL AR
PRI A PE T, % H A VH IR 55 58 b 3 B ™ 5 1Y 5%
M o PR, HR5T H A TH R0 v i i e i AL, % F
H A VR MRS58 7 M A e & Je A 22 78
A5 R RACE H AR H R 3EfE T MnHSP21
J MnHSC70-3 JE K (1 4 K551, I\ NCBI ¥
KA+ MNHSP60 (GenBank % 5% 5 : AHF22058.1)
MnHSP90 (GenBank % 3¢5 ADK66920.1)3 K 4>
JP5 . SCR i s T E RS X IR, o A R
Oh, 12h, 24 h, 36h, 48 h AYAA ] S EF TR
FE, L HRTT 30 CXF H A TH IR i A i 20 41
AREAY N S B S E VRSN T 2R AR e Y
SRR, AR PRAE AR S L 2K By
e Yk B JE 0T H A VR AR B 52, Ay H AR T8 AR A9 i B

Je LB AR
1 HRET®

1.1 SRt

S E ] H A TR B R EE (2.5+0.5) g, YIHUH
[ KBRS BE IR K LAY 0 KO IR R
b, PEPEERREA G IR B A TRERE SR, B
Fi & JKIE(20.0£0.5) °C, pH (8.2+0.08), DO
(6.5%0.5) mg/L . % HAR T Y 3%~5% 5 K B IR 5E At
P WL SR A, B 2 KoK 1R, KR Sh EIK
PRI 30%.
12 XWEE

WA HT 7 R, AL E(30£0.5) CHE
AL, LS % 97 5 IR (20+0.5) “C 1E A X R
H, BAKE 3INTAT, B4 50 BIF, &
ek 2L 57 P fan B 41 A 3l 42 1 76 (30+0.5) C, i
Jiif 48 ho
1.3 HRHMRESLE

TEBE H AR VH I 82 () A QO R I 25— iR
B FNERAE R M FEZH 2, 3 AE =k 0 hy 12 h
24 h, 36 h. 48 h (4B E] S RAE, BEANEE A &
M FATELBEER 6 B H ARTHIF(H S iR gl 18 BB, X
MR 18 JB), AREUSERE AT gl S il 2, Hovp
BN (B A 9 R U 114 T Rt 2 20 I
IE, PRAFT-80 C vKAH LAbt A AL BRI F1 1Y
ME, 6 BIFHZUH T HSPs FE K 1Y £ k504,
AR A8 20 2UF %2 T Bouin [KEE W H, H
PIIVEL I A
1.4 MnHSP21 1 MnHSC70-3 EE ) 5= &
141 2 RNA HJIRENK cDNA WA MRk
RNAiso Plus if7(TaKaRa, Dalian, [ )f# H 14
AR, MHATBIR RS0 2 p $2 0 RNA,
IYECE LR T RNA B E, Ass/Aoso Z L
1.9~2.1 NIEHIER .. 78 1.2%M IR RHEE RS A
M RNA 1y, ARG sk (PrimeScript™
RT reagent Kit with gDNA Eraser Perfect Real
Time) i B 45 ) 56 sk 5 A — %58 cDNA, A 51+
fEF-20 CHH.
1.4.2 MnHSP21 #1 MnHSC70-3 cDNA B R
FoaH WA Earos, N HASH IR
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sS40 cDNA 3 & (NCBI, PRINA656359) 3k 15
MnHSP21 il MNHSC70-3 3 [H 51 ) B, AR
WF G B, Wit mimE s ¥, LR A
cDNA WA FT sl . I 3'-RACE i F &
(TaKaRa, Kusatsu, HZA)5¢H ¢cDNA J¥41 3K i
(bR 4 2 1 51 T MnHSP21 Fil MnHSC70-3
RT3 514 o At e I 46 B 5R) & (CWBIO,

) 2l AL R A B BE RO (PCR) ) o 7 ik
2 FHEIRRAE YA AT o DY A S A
Jl DNAMAN 6.0 #F#EAT Bf 4 DUIR TS JE K 4 )7
H o i F§ NCBI 7 % ™ 3 (http://blast.ncbi.
nim.nih.gov/Blast.cgi)/T MnHSP21 f{l MnHSC70-3
i cDNA J¥%1 ,ORF Finder £k F2 ¥ (http://ncbi.nlm.
nih.gov/gorf/gorf.html)#E T H A FLFR ¥ 51 .

F1 31M5I%
Tab.1 Listof primersused in thisstudy

5|4 primer

5|#¥) 731 (5'-3") primer sequence (5'-3")

MnHSP21-F1 (open reading frame)
MnHSP21-R1 (open reading frame)
MnHSP21-F2 (open reading frame)
MnHSP21-R2 (open reading frame)
MnHSP21-F3 (open reading frame)
MnHSP21-R3 (open reading frame)
MnHSP21-F4 (open reading frame)
MnHSP21-R4 (open reading frame)
MnHSC70-3-F1 (open reading frame)
MnHSC70-3-R1 (open reading frame)
MnHSC70-3-F2 (open reading frame)
MnHSC?70-3-R2 (open reading frame)
MnHSC70-3-F3 (open reading frame)
MnHSC70-3-R3 (open reading frame)
MnHSC70-3-F4 (open reading frame)
MnHSC70-3-R4 (open reading frame)
3'-MnHSP21 (3' RACE out primer)
3’-MnHSP21 (3’ RACE in primer)
3’-MnHSC70-3 (3' RACE out primer)
3'-MnHSC70-3 (3' RACE in primer)
MnHSP21-F (qPCR primer)
MnHSP21-R (qPCR primer)
MnHSC70-3-F (qPCR primer)
MnHSC70-3-R (qPCR primer)
MnHSP60-F (qPCR primer)
MnHSP60-R (qPCR primer)
MnHSP90-F (qPCR primer)
MnHSP90-R (qPCR primer)

EIF-F (qPCR primer)

EIF-R (qPCR primer)

CACAAGTCAATAGCGATGCAGAG
AACAGCTGCAGTCTTAGAACGTA
GTGAGGGTTCGTTCTTCTGTTTG
CTTTGTCCTTCTGCTGTTCTTGG
CCAAGAACAGCAGAAGGACAAAG
CTGCATTTGACCAACACATCCTT
AAGAGGAGACTCAAGCAGTTCAG
TTCACTATTCTCAGCCTTGCCTT
TGATATTCAGGATGAGGTGCTGG
AGTTCCTCAAATTTAGCCCGAGT
GATGAAAGAAGTTGCCGAAGCAT
AGAAGGTGGTTGTCTTTGGTCAT
CTGCTGACAACCAAAATGCTGTA
TGGCACGGCTACTATAACTCATC
ATATTCAGGATGAGGTGCTGGAC
TTTTTGGCAGCATCTCCAATCAG
GGAAAGGGTCCTTCCTTGAAGAT
AAGGCAAGGCTGAGAATAGTGAA
AAACAGGCTGAGCAAAGAGGATA
GGAGTCCTTTGCATACAGTCTGA
TTTCAAACGCAGTGACATGAGTC
GCATTTGACCAACACATCCTTGA
GCTGAAAGAACGAGTGGAGTCTA
GCATCTGCATTATTTTCCAGCCA
CACTATCTCGGCAAGTAACCACT
TGTCTTGCCATCCTTCACTGTTA
AGATTAGTCACTTCCCCATGCTG
CAAAGAGCAGCATCACAAGATCC
CATGGATGTACCTGTGGTGAAAC
CTGTCAGCAGAAGGTCCTCATTA

1.5 BB HSPs H F 7 5B B TRIE S
DA SR S0 20 2 S 5 cDNA AR AR, B
BRI RIEEF SAEIR)!' NS H, s

i 29¢ 6% & PCR(gPCR)4MT MnHSP21 . MnHSP60
MnHSC70-3 1 MnHSP90 & K 76 & T ikt R b 36
ki, RSN R Al 274 gy
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*/213 ﬂ- %ﬁ MnHSP21 . MnHSP60 ., MnHSC70-3 #i1 611 ;i2.‘i:i;Tf:i:iii?ii:igéé;éégéi??égék;ﬁ&éigé?éﬁI.f?éééiiéééékg
121 CT CA/\CC TTGAACATGGCGCCCCGCGTCTGTCACT! G T GG‘GG(?AA’I "TTTGAAAGAT! GGCGG.
M nH 3390 ;;l:g /:_1% ‘j< 7J( o o) 1;?21 AGAGTACT G(;C“l CCCCI\I1 y llch:(:CAéAGEACST T §C1 ?CCECC;\T T lg( T ;l}fl I‘?C(,?\’/\AZ
o) a D Al 2 %
241 TGTCCACAGTTACTTCGACTCGGCCATCAGAGAAATTCTAAACAAATGGAGCGACGCGGA
& KnllE=—1 < = s 5 N s =
1.6 BEEEDHNE 3§§1 I NN
- > S D R S P S Ls w R
S $ Q QD aY [:[ YA 361 GCAACT (,(;Al(le(J(,(,Al(,A(,(,(JA(J/}A(JAl(,A(J(J(,Al(:LA'(,(, 0 GACGACAG
IR R R AT AR PR S 8 2 PR i, 7 0 8l B o ok ok o ot
u K v v F
ZUEE, 1 9 EEIRLI A A FER K, 1 TT el : :
?‘5‘% CT l CTCCT( CC/\GG/\GG TTCT (‘C/\GG/\(‘/\‘I ‘TCACTTT CCC/\/\G TE CTGTC/\/\C/\ I'(‘(‘C‘l GI\
~, N . ; Y . F S S R R F C R R F T F P S S v N M A D
ﬂiu ﬁk 1 O%gﬂ. g/[:l /;J 5{:? ) 2500 I‘/m1n, I% ‘L) 1 0 min. SOD ?g% CG1VCA'(|:~C rg/\c“l/‘cc::c rgc rg rcgccg/\c\tcclc/\;:‘clx lrcc;:cciccﬁAAﬁAA;CGI/l:Acﬁ
661 ‘l‘(;‘l“l‘/\G‘l‘CGCCGGG/{GG‘l'G‘l‘C'l‘G/tA(;/}A’l‘(:‘C‘l‘(:‘/\GCCAGC/\GCA(;'l’(;/tAAGCG‘l“l'C(iA‘I‘C
Y)["J ZHE: Hjl ‘{jﬁgﬁ:ﬁﬁﬁziiﬁ7j( 5 /f%ﬁf *%’ Hjlﬁ 50 },lL é%g A/\\l,/\/\z’l lgclglG'I;CTZlCi/\l\éA/\lCtlGiCA?AGQCliITi’l liC/\kA( ’2c1 ¥c1\i\0/\i
4 T s D I A\ Y b 4 Cc K Cc N K
781 G/\A/\/\TAGG/\GGG rCATGGCAGI\C/\GC/\CCAG/\G/\CT/\AG/\CI\GCCC/\GC/\/\GGTGGAGT
N P N P . ;33:—‘— N Py N =
{D-I\IJE (e} GST ‘{muﬂz- EjXJ:“{H {’f& 100 “L {D]IJXE (e} GPX ‘{)I_\IIJ g%z /\/\/\G(‘ rCCC/\/\'l A/\/\l/\l‘/\/\/\T(‘Cl rCC/\ I'(“l CTICI(‘CACTGI\ACI\(‘CC?AACA(‘A‘I 'CA
I s D Q
~ 1 ‘\ ‘\ ‘\ 901 GA l (,/\(,(,/\(,/\(JA(,/\/\/\/\/\GGA/\(,/\A/\ l /\I\/\A T (,/\(J'l CI\I\AAA(,GA(,/\C/\A r(.GC/\/\AGAI\
R B EIE 2 A5 R BRI  CAT Il % : B 3 100 pL g3 a s T mOK KB Q1K oS VK KETMAKDN
295 S.Q(‘-/\‘,T -l',T\VKl.
FE LA 2401 FH R s A= i) il 5 ;% 5 o ‘
335
1.7 PBFERBR R EBHAK ALY FHIE 114
== 355
120
(ol FEIAN ) e RS X B 52 A R0 AL BURVGE

132 AGGGGACATAACATTGAAGGTCATCAATGACAGTGGGATTGTAGTTGAAGGTCACATAGA

H}E7J< 1 h Bjéﬂ(}:ﬁi/\ Eﬁz’g?frg 451 EFI:L_ J‘ﬂ&%Eﬁ 1 h, 1‘:‘;18f I\AS\;G(;RAGII\AG("‘:AG(I;A'I'ET/\XG'l‘(IZCC?(‘-/\?I\Ci‘r'l'?T/\:‘GAXACXG'I"?T/\g/\GET(AC(I:A(‘-g
G S K L K H M

435 ‘x'l’G(Q;AG‘Il‘-‘AC'll‘"I'AZAG'lI,’/\Ag
B REE 2 h, 25 A& T i % 5
BB WL AT (0 4 AT SR ) B, B il

VKT 37 CHEEKRRIRY, BRERMEN ] i,

174‘ AACAAGTCGTCCTAACTGTGAAATACAAGTACAGAAGGAGTCCAGTGAG TG
J:E 3 7 c(: ‘}dj\::l: o ﬁ}fﬁ : EFI %Xﬂ‘q:d;% E’\J‘{j‘] H‘iﬁﬁ:j‘ 1:8§; 'l‘(":‘v/\%u\Sr( Z.\/\(‘:‘:/\( (/(n krA/ll( (17(‘/\5/\( \?(FE:A‘XA(?\A |i|/\: IATA( :ir( ;:/ T /\Qt
HE\EP«% 20 min, #Fﬁxlﬁjmgaﬁ?ﬁ%éﬁgﬂ(o ,fﬁjgﬁ 159925 ATG A((AA(/(AC(AL A(‘AII\A/\il()\A/\ll:

615 V Q N P R S Q H R S N D E Q A Q K N Q 1

A B ematoxglincosin, HEJRGRAG A,K\(Lﬁmwimgum.:ﬁ::f;::z;z;:f§::§1:‘¢;2:§zz;j:5ge
P, BEIRFUGEITBAK BB, B R R '
BT TR A, 3 WO HEAT AT, Ok ﬁ
S ISR 5 o
18 MRS
R SPSS 20.0 SMHTSIRFAER, WRA A L ,lﬂﬁﬁﬁ,
A BCERIE R (MeantSE) R F R o jéﬁﬁzmjﬁzlx -
AR LB B B S AL R IR ARG 38 3 T bbb Sl b
915 T P R K D A 5 I R R M

HOK W OE E

i One-Way ANOVA thiﬁ?lﬁléﬂéﬁﬁlﬁlﬁﬂ‘l‘ﬁlm%ﬁﬁ R

294 GAAGAGAGTGAAAGAATCCTCAGAGCAA
Q
TAAgactgcagctgttagcaaat

N = s sy B R Y ER &S B S b
P<0.05 hZEF %, e

3061 tatatttttctaage \ ttatanaBatas ctactgtggattgtcag
3121 ctraaticatctimmmoatctaaggaatclaac gt tigacact faaatacagaogtate
3181 © scaacgcactgacaaactttgetoteacattcoctoto
2 SRS 32241 ac trcsese e teotrrootiariavesaarcoyery
=R 330] agaattgticcottaatttoctgtigtctottitootagatttccataactggoaataacco
336] cctcamatttacacttgasaggtotatatttttttatcgaBataaaggagatattttoca
342] acasacasas

2.1 MnHSP21#1MnHSC70-3 cDNA FF FI4FE 51 B 1 H AR MAHSP21 cDNA [0 F B Rl
MnHSP21(GenBank % 5%%5 MN443768)/7 4] T B L T 7
21 3456 bp, JFJHI EEHE (open reading frame, FRIA T T(ATG) LUK s, 21k %00 Thif /5 ACD_
ORF)f 7% 2961 bp, 79 bp Y 34 F Bt & 425 bp 1 alphaA-crystallin_HSPB4 LA {4 b 7R; {R5F48 ACD DL# {4 IR
B B — MRS B, ACD(E 1). P4~ AATAAA FFFILLK (575 poly-A bl FEEL FHIZk.

Fig. 1 Nucleotide and predicted amino acid sequence of

MNHSC70-3 (GenBank 5% 5 MN443769)7 51 4= MnHSP21 ¢cDNA in Macrobrachium nipponense.

\ The start codon (ATG) is in bold; the stop codon is marked with
.. A~ [ L
K 2175 bp, ORF WA 1965 bp, 198 bp Iy 35 F Bt an asterisk; the ACD_alphaA-crystallin_ HSPB4 is shown in

¥ 12 bp B 50 H‘EQL, 474 HSP70 %’{ﬁ% my 3 AR blue; the conserved domain ACD is shown in yellow; two
AATAAA sequences are potential polyadenylation signals are

lﬁf?ﬁﬂ(l@ 2)o shown in gray; the poly-A tail is underlined.
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1 ttcaaattcaggATGAGGTGCTGGACAGCCTTAGCCCTACTGGCTGTGGCGGCTGCGGTA
1 M R CWTATLATLTLAVAAAV
61  ACGCAGGCCAAAGATAAGAACACGGAGGATGTTGGTACGGTCATTGGTATTGACTTGGGA
7 T QA KDJKNTETDVGTV IGTIDTLG
121  ACAACATACTCATGTGTTGGTGTCTTCAAGAACGGTCGTGTTGAAATTATTGCCAATGAC
37 T T Y SCV GV FEKNGRVYVETTIAND
181  CAAGGCAACCGCATCACACCATCGTACGTTGCTTTTACCGCTGATGGCGAACGGCTGATT

57 Q G NRITUPSYVAFTADGERILI
241 GGAGATGCTGCCAAAAATCAACTGACTACAAACCCAGAGAACACGATATTTGATGCCAAG
77 G DA AKNAQLTTNPENTTIFDAHK

301  CGTCTGATAGGCAGAGAATGGAGTGACAAAGCTGTCCAAAATGACATCAAATTTTTCCCT
97 RLIGTRTEWSTDEKAYQNDTITZKTFTFP
361  TTCAAGGTAATCAACAAAAATGACAAACCTCACATGAAGGTCAGCACTTCTCAAGGGGAC
117 F KV INZKNDTEKTPHMEKYSTSQGD
421  AAAATATTTGCTGCAGAAGAGATTTCTGCCATGGTTCTTGGAAAGATGAAAGAAGTTGCC
137 K T F AAEETSAMYTLGTEKMEKTETVEH
481  GAAGCATATTTGGGCAAGAATGTGACGCACGCCGTGGTCACGGTTCCAGCGTATTTCAAC
157 EBEVANYIENE K N VT HAV V TV PAYTFN
541  GACGCCCAGCGGCAAGCCACTAAAGATGCAGGTACCATTGCTGGGTTGACGGTGATGAGA
177 D A QR AT KDAGTTIAGTLTV MR
601  ATCATTAATGAACCCACAGCAGCAGCAATTGCATATGGTATTGACAAAAAAGATGGTGAA
197 I T NEPTAAATAYGTIDTEKTZKTDGE
661  AAGAATATATTAGTATTTGATTTGGGAGGAGGAACATTTGACGTTTCCCTTCTGACTATT
217 K NI LYFDLGGG6TFDVSLLTTI
721  GACTCAGGAGTATTTGAGGTTGTGGCAACAAGTGGCGACACTCACTTAGGAGGTGAAGAC

237 D s GV FEVVATSGDTHILGSGE D
781 TTTGATCAGCGTGTGATGGATCACTTCTTCAAGCTGTACAAGAAAAAGAAGGGCAAGGAC
257 F D QR VMDHTFTFKILY KKIKKG KD

841 ATAAGAAAAGACAACCGAGCAGTCCAGAAACTTCGTCGTGAAGTTGAGAAGGCCAAGAGA
277 I R K DNRAV Q KLRIREVEKATZKR
901 GCACTTTCTTCCAGCCATCAAGTCAGGATTGAAATTGAATCTTTCTACGAGGGAGAAGAT

27 A LSS S HQVRTIETITESTFETYEGED
961  TTTTCGGAGACTCTGACTCGGGCTAAATTTGAGGAACTGAATATGGATCTCTTCAAGAGC
317 FsETLT RINKEEEEEEE v« vboLFKS
1021  ACAATGAAACCTGTTCAAAAGGTCATAGAGGACTCTGGCCTCCAGAAGAAAGAGATTGAT
337 T M K P V Q KV I EDSGLQKTEKETID

1081 GAAATTGTGCTTGTGGGTGGATCTACGCGTATTCCAAAAATTCAGCAACTTGTTAAGGAA
357 E INERCERVENCECEESENINSCEE AR TR NGNS L V K E

1141 TTCTTCAATGGTAAGGAACCTTCTCGAGGCATCAATCCTGATGAAGCAGTAGCATATGGT
377 F F NGKEWPSRGTINPUDE AV AYG
1201 GCTGCTGTTCAAGCCGGTGTCTTATCAGGAGAGGACGACACAAACGATCTCGTGCTATTG
397 A AV QAGVLSGEDUDTNDTILVLL
1261 GACGTTAATCCTTTGACTATGGGCATTGAAACGGTTGGTGGAGTAATGTCAAAAATAATA
417 D VNPLTMGTIETV GGV MSKTITI
1321 CCCAGAAATACTGTCATACCCACAAAGAAGTCCCAAATCTTTTCTACAGCTGCTGACAAC
437 PRNTVIPTIKIZ KSQTIFSTAADN
1381 CAAAATGCTGTAACTATCCAAGTCTTTGAAGGAGAAAGGCCCATGACCAAAGACAACCAC
457 Q NA VT TIQVFEGETRUPMTIKDNH
1441 CTTCTTGGCACCTTCGACTTGACAGGCATCCCACCTGCACCCCGAGGTATCCCTCAGATT
477 L LGTFDILTGTIU®PPAPTRGTIUPAQTI
1501 GAAGTCACCTTTGAGATTAATGCAGATGGTATCCTGCAAGTTTCTGCTGAGGACAAGGGC
497 EV TFETINADGTIULAGQV S AEDIKG
1561 ACCGGTAACAGAGAAAAGATCACAATTACGAATGATCAAAACAGGCTGAGCAAAGAGGAT
517 T GNIREIKTITTITND QNI RILSKED
1621 ATTGAGAAGATGATTCAAGATGCAGAGTTATTTGCAGATGAAGACAAGAAGCTGAAAGAA
537 I EX M T QD AETLTFADEDTIKIKL K E

1681  CGAGTGGAGTCTAGAAATGAATTGGAGTCCTTTGCATACAGTCTGAAGAATCAAATCAAT
557 R V ESRNETLTESTFAYSLIKNG QTIN
1741  GACCAAGAGAAATTAGGAGCCAAGTTAAGTGAGGAAGAGAAAACGATGATTGAAGAGGCA

577 D Q EKLGAZKULSETETETZKTWMTIEE A
1801 ATAGATGATAAGCTTACATGGCTGGAAAATAATGCAGATGCTGATGCAGAAGAATTCAAG
597 I bbb KLTWILENNADADATEE F K

1861 GCTCAGAAGAAGTCCCTGGAAGACCTTGTACAGCCAATTATTGCAAAGCTTTATCAAGAT
617 A Q K K S LEDILV QP ITIAZKILYZQD
1921 GCAGGAGGGGCTCCTCCAACAGACTCTGATGATGACGATTACAGAGATGAGTTATAGtag
637 A G GAPPTDSDDDDYRDE L *
1981 ccgtgeccattggetattttcgtacatactccaactattttagtcagttecttcactgttaa
2041 ttgtagaacatacttgagatgtttgatgcaataattcattatcaaagttttatttggtta
2101 LgacattacgtatactagtLLchLaaaLgcagtLatatttltcc_aatgagata
2161 ttaaaaaaaaaaa

K2 HATHEF MNHSC70-3 cDNA [
R TR AN TN 1) 2 B T 471
EIGHI T (ATG)AMA BIR; ZILEMFARA RS, Wi
BIRT 3 AMRHEVER HSP70 J751; {BUE 19 ATP-GTP 454513
SRR, TR A & FOAZ A B RAKFEEL LISk
IR, — 1 AATAAA VIR BR; poly-A B EARA T RIZ.
Fig. 2 Nucleotide and predicted amino acid sequence of
MnHSC70-3 ¢cDNA in Macrobrachium nipponense
The start codon (ATG) is in bold; The stop codon is marked
with an asterisk; three characteristic HSP70 family signatures
are shown in yellow; the putative ATP-GTP binding site is
shown in blue; the potential non-organelle eukaryotic consensus
motif RAKFEEL is indicated in green; One AATAA sequences

are potential polyadenylation signals are shown in gray; the
poly-A tail is underline.
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FEAEMriE 48 h B FX BR 4L K- (P>0.05)(&
3a); MNHSC70-3 5 A ) i K 68 1 11 BRAE Bk 24
h(P<0.05).

TESRA LU (K] 4), FrA R 2R 0A 2 IR W)
e, MnHSP21 JER i KRk a AE A 12
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(#l 4a); =i e 48 h B MnHSPE0 S PR 2% 35 H 4k
52 3 %] BB 4H 7K - (8 4b); MnHSC70-3 1 MnHSP90
R B R EK IR 0 HBLAE A 36 h Fl 48 h
(P<0.05) (&1 4, ¢ il d).
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EHEERA R, AP R 41400 SOD 5 CAT itk
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B 28 T 0 R ZH (P<0.05)(J#] 5a); CAT & MELE A
36 h & i T4 IR 2H (P<0.05)(E 5d); GST i PE7E
5 T 3 A ) ) 4 2 X R A (P<0.05)(J&] 5b);
GPX i PEAE it 9 10) S B0 T i o At 34, 7
48 h i} f I T XF B2 (P<0.05)(I] 5¢)-

miRa T, 684141 SOD ., GST & GPX {if
A 12 h 5XF IR TC %25 5, SOD iitEfE 12 h
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TWPETE R IRIA 24 h 2 48 h B T A
(P<0.05)(I¥l 6¢); CAT i P4 78 i HA ] 34 i 2 5 T
Xif B2 (P<0.05) (& 6d) H. 12 h AEc KfE .,

24 HiRBMEHAE AR E R

RN 0 h (1 7), FF R 2H 214540 5L 1 %
JRZS, 12 h F1 24 h (8 7, b Fl o)iF,  H A< AR 6
HRH L I AR (B ZE M) AR BB R 7E 36 h
148 h (B 7, d il e)st, FFEMR L 2S5 AH XS £
FE o TE R P E R, R 4 2 b i A A
(R 20 i) %A B2k,

EENE 0 h (K TA), SRZHZILEM R R
A, LR dni K m AN ST HES . 7E 12 h, 24 h
K 36 h (K 7,B. C Fl D)}, 4l ZizE#yd, 2R
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Fig. 3  Analysis of MNHSP21 (a), MNHSP60 (b), MNHSC70-3 (¢) and MNHSP90 (d) expression by quantitative real-time PCR in
Macrobrachium nipponense under heat shock treatment in hepatopancreas
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“*’means significant differences (P<0.05) between high temperature group and the control group at the same time.
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Fig. 5 Effect of high temperature on SOD (a), GST (b), GPX (c) and CAT (d) activities in
hepatopancreas of Macrobrachium nipponense
Different lowercase superscripts mean significant differences (P<0.05) within the same treatment among different times;
“*”means significant differences (P<0.05) between high temperature group and the control group at the same time.
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Fig. 6 Effect of high temperature on SOD (a), GST (b), GPX (c¢) and CAT (d) activities in gill of Macrobrachium nipponense
Different lowercase superscripts mean significant differences (P<0.05) within the same treatment among different times; *means
significant differences (P<0.05) between high temperature group and the control group at the same time.
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Fig. 7 Effect of high temperature on hepatopancreas and gill microstructure in Macrobrachium nipponense
a, b, ¢, d and e represent the microscopical hepatopancreas structure of Macrobrachium nipponense in response to high temperature at
0h, 12 h, 24 h, 36 h and 48 h, HE; A, B, C, D and E represent the microscopical gill structure of Macrobrachium nipponense in
response to high temperature at 0 h, 12 h, 24 h, 36 h and 48 h, HE;
B: secretory cells; BM: basement membrane; R: storage cells; TV: transferred vacuoles; SL: slight curvature of the lamellar
epithelium; SW: swelling; HC: the clutter of hemocytes.
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Effects of high temperature on heat shock proteins, antioxidant enzyme
activity, and histology of oriental river prawn Macrobrachium nipponense

ZHAI Shuhua', FU Hongtuo" %, QIAO Hui’, ZHANG Wenyi’, JIN Shubo®, JIANG Sufei’, XIONG Yiwei’,
XU Lei', WANG Yabing', HU Yuning', GONG Yongsheng®, WU Yan®

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural
Affairs, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China.

Abstract: To study the response mechanism of Macrobrachium nipponense to high-temperature stress, we set up a control
(20+£0.5) C and high-temperature (30+0.5) ‘C groups. The dissolved oxygen concentration was (6.5+0.5) mg/L. The
expression profiles of heat shock proteins 21 (MnHSP21), 60 (MNnHSP60), 70-3 (MNHSC70-3), and 90 (MnHSP90)
in M. nipponense hepatopancreas and gill tissues were measured at 0, 12, 24, 36, and 48 h under high-temperature
stress. Then we measured the activities of superoxide dismutase (SOD), glutathione S-transferase (GST),
glutathione peroxidase (GPX), and catalase (CAT), as well as tissue structure of M. nipponense under
high-temperature stress. The results showed that four heat shock protein genes were induced in hepatopancreas
and gill tissues. The expression of MNHSC70-3 gene was the most significant among the four heat shock protein
genes, indicating that this gene is an important molecule for high-temperature stress response in M. nipponense. At
the same time, expression trends of the four genes were more obvious in the hepatopancreas than in gill tissue,
indicating that hepatopancreas is a more important organ for M. nipponense in terms of high-temperature stress
response. Under high-temperature stress, the activity of all related antioxidant enzymes changed to varying
degrees. The activity of SOD, GST, and CAT in the hepatopancreas increased significantly, while the activity of
GPX changed only slightly. The SOD enzyme activity in gill tissue was significantly lower than in the control
group (P<0.05), and the enzyme activity levels of GST, GPX, and CAT were significantly higher than in the
control group (P<0.05). The structure of hepatopancreas and gill tissue changes under high-temperature stress. The
secretory cells and internal transport vesicles in hepatopancreas increase in volume, while the layered epithelium
of the gill tissue structure was slightly curved, and the arrangement of blood cells was disordered. Compared with
36 h, there was no obvious change in tissue structure after 48 h of stress. In summary, high-temperature stress
activated the antioxidant system of M. nipponense and induced the expression of heat shock protein genes. The
MnHSC70-3 gene may play an important role in the heat tolerance of M. nipponense. Changes in the activity of
antioxidant enzymes under high-temperature stress may be essential to avoid oxidative damage. This study aimed
to provide a reference for healthy farming by clarifying the response mechanism of M. nipponense to high-
temperature stress.

Key words: Macrobrachium nipponense; high-temperature stress; heat shock proteins; antioxidant enzymes;
histology
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