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XFHE, D T TPV 5 /KSR B L P 2 SR P R SR

RENTIRT T ML EXTER
ddit4l EEHRIEST

7o Zhem® g s
= A 3, AP FEgP

(1. B Ry "R EZ R LR ARG B#E 2013065
2. F WA SHEARWT E S R LR A S B I RIS E IR B 2660715
3. HEDKEREEET B B AT B ST A AR R ER IR rI RS R R S SR IR R 266071)

HmE N AR & L4 3R (Litopenaeus vannamei) DNA #1151 3 & F-4 (DNA damage inducible
transcript 4-like, dditdl) &y £5 44 & Ty é, DA% 3 400 3K 45 B9 unigene J7 7] 7 a4, KA A8 PCRY
B 7 %, #h4F dditdl 5 #89 ORF 77| (Lv-dditdl), % 3 F %9 ORF K 495 bp, 44 164 M&AEE, &
FE N 18.51 kDa, it & 4 535, @4 1 A RTPSOIC #AEE Kk sh ik M, £ 77| x4
R R G T T, Lv-dditdl 5 4k A ¥ F % (Chionoecetes opilio) iy [F JE £ & &, # 59.76%, E
ERRPEZTHERY—F, AHKKERE T, Lv-dditdl R, 8. FFER. M2, LA S5 #
PAPH KK, BRI ELAME, AREHTMEERETLAET, Lv-dditdl ELRAR P RET
WERARAZGN., § 26CABCGTE AL, ABEHEE 32°CH, BFF Lv-dditdl XX E L F
FIE(P<0.05), Z EABEEAZRG IR ISCHURFNEEE R, B E 32°CH, 4, HERT
Lv-dditdl % ik & & % F(P<0.05), ZEIFEAEN 26CHEE E 36°C/E 10 min B, #. HEE. #
%4 Lv-dditdl £k & 2% FJH(P<0.05); 24 h &, ALAF Lv-dditdl £ & 8 F FiF(P<0.05), %
BB AIN38C. 36 CHRAE 26CJE, F44E AN R L Eil &6 Lv-dditdl kA &2 T
WE g, FrRFM, Lv-dditdl = 58 5 FL 4 iR s e B g i e T F2 A K

KR AHEXMI; &R Lv-dditdl; ERE R

FESES S9174  XEFREE A XEHES  2095-9869(2023)02-0087-11

JLYA X UT (Litopenaeus vannamei) (i PRI 2 - SRR IRXTIR A | A E S A0 B2 RO Z R I 12

— o XTUF AR B, FCAACEL Bl PR R A A A

Pi—H7, BN L IR i A BRI,
TR E R ESRI XTI AR (BRE A S, 2001), KR

A Ak, T EE IR AN 5] 252 M LA ) B3 Fn A
FRYE T WL ARG 2E, 2006), FLYYE N IR 2 1A 1) 5
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AR KRN 30~33°C (BRE 4= 4%, 2001; B,
2015), HREAERKEGERE N 28~32C(HE %,
2001), JSHF A B EE R 23~33°C (Be AR 55, 2006) .
e 09 A 38 A R R I TR A B v ) LA T X W 4 2 Ah
TrHERE, FECOLARAEE N A R (PR, 2008),
o T T BN ) G 8 3 R PR P RE R [, SRR
SR B AU TR B W I (AR ZR 4, 2020), AEE B
TR, IR BES ACH T, XIS B S IR BT IR
A5 (Cheng et al, 2000; T FHAL4E, 2005). {H H A ML
2R XoF U I R TR A ) 9 4 O B R TR o TG D) A A 5
g

DNA #1115 5 K F-4 (DNA damage inducible
transcript-4 like, ddit4l), H#< >4 REDD2 u RTP80IL,
EHRERTFHIMBAMER THP-1 —F R A S
EH, EEAETHRE . MahEAMLSEE T
(KD ASEE, 2017), dditdl 52 5] DNA #1455 . B4, B
I, AR AT R, E S R DNA i =2 N
T BEETH T EE S EBORS 5T AR A
H4%E 5 7= (Shoshani et al, 2002; Cuaz-Pérolin et al,
2004; Miyazaki et al, 2009; Simonson et al, 2017), 4
6L I 2 200 0 ) D T A R i 11 - 2 480 100 A0 TR 2 A
KATFP B FE , TE4EREEE AT 5 20 i Py 2R
FeReoE . REUEA R A K R B S R EE AR
(ZEEZRE, 2009; DIHZE, 2018), YLk, i A H
FROSWRMN . ARKKN = | EAH RIS
TR AL, DNA 5145 5 il 215 S 4 & 4 A
W (FEFEASE, 2019), WA — A~ 522985 X J2 Il
LY N Z MR 1(mTOR), M AEKFEF . Ak
JE 7 S5 B, A i 4 B A R A A
ddit41 L UFE P& mTOR 9 _FJEd il 77 (Corradetti et al,
2005), BEfLEITINHE mTOR 45 (104K [ Bk Ak 41
Jil 3858 F11 434K (Polman et al, 2012), HTf, T dditdl
PRI e sh W G B Ay T AT 9848820, FEXF IR )
WFFE S Ryl = o ASHIFFE X A6 A [ 8 B8 36 MLl e
UF dditdl (Lv-dditd) R ek R e T4, nl ol
— G FLGN X I YR e A LR RS %

1 #wREFE
1.1 FLEATEXTHRE &R B BiE Ak 38

S S BEHCT 2020 454 Y[Rl — 4~ MUY Xt
IFEZR, FEEK A (10.0£0.5) cm, “FHAE H(6.5+
0.5) go SZIG Mk v K =B 220 5T B B K 7 0T
FETIRALF MO FERAE N 130 cm*x80 cmx60 cm

FIKFHE S 5d, KRN 26C, REFELETS;
H#mE 3 wiakl, HifkaE 1/2.

e Tk P 3T S 56 Ay ik T A S 56 R I R R AR S
5, PN 3 NTATELR, AL RO ERET

TREEV AR SCUG 2 . B FREHn , REK I, 7
130 cmx80 cmx60 cm WK, A S fE IR
BRI, TE 26 COMI)EIRZ S, A 12h FHm 2°C
FEEE M 26°CTFE 38°C, 38°CHEF: 12h i, LA
12 h A% 2°C R IR 2 26°C . HURER ] S 0L 1,
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Schematic diagram of sample collection
under gradual change of temperature

Fig.1

R RAR SIS A . FLANEXTERFE 56 cmx 44 cmXx
36 cm KA PRI . TR 26 COMIREIRZ )5, H5 LA
TEXTUR B N 26 Cilg /K A% 2 36 Clg /K 15751 24 h,
LB LN STIR B3 N 36°CH K h R & 26°Cilg /K b
FRHH 48 ho 43 AIAE 3 A IR] ATHURE , 15 PRAR RN
BRI, EURE A R] 0 UL IR 2,
38

o

34 L
n|
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Fig.2 Schematic diagram of sample collection
under acute change of temperature
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ARAR . B BFBEAR . ML 5 R4, shatUiR
MR, il 48 BAFE 240 M HLUREF T
RNAstore reagent (TIANGEN)H, T J54Ef) RNA

1.2 2 RNA B3R EXF1 cDNA BI&E X

i F§ RNA-easy™ isolation reagent (Vazyme)$EH
MRAW . R AR . BEFAILN 20 8 RNA,
RNAprep pure micro kit (TTANGEN)$&H ML 44 5 X} diF
P2 A RNA it ISR W RE I A VR DU RNA 174 it
i M 5E eV fdi 1] NanoDrop 2000 UV/Vis 4366
(Thermo Fisher Scientific)7£ 260 nm F1 280 nm | 52 & &L
RNA. ffi {7 & ReverTra Ace® qPCR RT master mix
with gDNA remover (TOYOBO) /% ¥ 5% 44 ¢cDNA

1.3 Lv-ddit4l EE 5 a561E

BE T v T P 3 S I B S AL P AR AR Y ddditl
FHHZ% 75, f#iH Primer Premier 5.0 {41
cDNA 73 Y 3L ke /& i 519, 51915
B 1, AT AY TR B A RA RS K.

DL SRS cDNA AR, FIH EEs 14
ddit4l-F A1 F 5|49 dditdl-R i@+t PCR 34 ¢DNA ¥
%1 . PCR JZ N FE ¥ : 94 C FAE 1k 2 min; 98°C A8 30 s,
61°CiEk 30 s, 68°CHEH 1 min, 35 MEHR; 68°C
Smin, S NS5 PR TSN MR GEE IS R UK G E T PR R
SEPERA BER/N, PCR PRI R4 T A TR
A PR w1 #EAT Sanger M . W50 45 51 55 5%
HFEH AT, BUE Lv-dditdl () cDNA 31,

®1 SIMERRERFT

Tab.1 The name and sequence of the primers

5|4 Primer J¥%1 Sequence (5'~3") 3% Purpose

ddit4l-F GCTTCTCGCCGTGCAATTGTAGTGT FFH 4 Sequence amplification

ddit4l-R TGAAAACGGTCCGAACTATGCTC J¥51 ¥ 1% Sequence amplification

qddit4l-F TGCTGTCACCATCTTCATCACC ddit4l k& dditdl expression quantitation
qdditdl-R TTCTTCCTCCACTCGCCCAC ddit4l ik E i dditdl expression quantitation

18S-F TATACGCTAGTGGAGCTGGAA N2 #ikE R Internal reference expression quantitation
18S-R GGGGAGGTAGTGACGAAAAAT NZ# A E R Internal reference expression quantitation

1.4 Lv-dditdl EEREMERFESH

i EditSeq #43 Hr iz 5 KT ik 2] 52 HE (ORF)
Kt H LR IF 41 . {1 ExPASy-ProtParam tool
(https://web.expasy.org/protparam/) X {4 FU I & [ Joi 43
TR BIEAR A ARUE RESE . i TMHMM
(http://www.cbs.dtu.dk/services/ TMHMM/) &k 43 H7 £
H TS T IX . {3 ] SignalP 5.0 (http://www.cbs.dtu.
dk/services/SignalP/) ¥ 11 # 17 15 5 Ik # M o i H]
NetNGlyc 1.0 Server (http://www.cbs.dtu.dk/services/
NetNGlyce/) A #E7h FAL A7 55387 . i NetPhos
3.1 Server (http://www.cbs.dtu.dk/services/NetPhos/)3K{f:
PEATBERR AL 5 50t o {8 InterProScan (http://www.
ebi.ac.uk/InterProScan/) ¥ 4 #E 47 & 1[5 B) B 45 44 15§,
T 4 M o £l SOPMA  (https://npsa-prabi.ibep.fr/
cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html)
BAFHEAT AT . BT BLAST 8R4, XI
dditdl 7EZ 3R KT b AT [ L B Rk A 44
i/ DNAMAN 6.0 3K {F#E17 [RIIE 2 )5 51 L X, fdi ]
MEGA 7.0 {48 i3 4844572 (neighbour-joining method,
NIZEAT Lv-dditdl FEP it AL Ae gt

1.5 Lv-dditdl EERRIEZEESHT

==)

DULNEEXTER 5 FHZHEUR) cDNA AR, ffiH]
SYBR Green Real time PCR Master Mix(TOYOBO),
ffi i Applied Biosystems™ 7500 Real Time PCR
instrument & A, SR 2 AR kAT OO E B
RT-PCR (qRT-PCR), 7 #r dditdl 1EA A& BE 5 i
LU FRIRAKT . AR R N 25 pL: 12.5 pL SYBR
Real time PCR Master Mix, 2.5 pL #: 5L , 8 uL 28
WK, 1 uL LIS 1 uL NS 1. B SE
WHE 3 TATEE LS XTI SO 2644 :95°C 60 s5
95C15s, 60C 15s, 72°C 45s, 340 MEIF,

i il IBM SPSS Statistics 26 #1145 S 1k
17BN K )7 2243 B (one-way ANOVA), P<0.05 F£/R %
S, JFE prism BRGETHAE R SR

2 ZEREHWH
2.1 Lv-ddit4l E[F ORF FIIRIGIE R FES R

Lv-dditdl B4 3 = Wy BER Ik 45 R A&l 3 B
N, TR — ) HKJELE 750 bp 4, HEFHNY
IR g W BT W /N
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Fig.3 Gel electrophoresis of Lv-ddit4l gene
amplification products

Lv-dditdl #4435 1> 495 bp ) ORF, 4 i 164
A FERR, T A R AT i R R AR S 24 A
(Asp+Glu), 7 IE i B2 LR IR LA 18 > (Arg+
Lys), 4r T4k 18.51 kDa, FRiE%H S0 5.35,
FRUEMERECN 65.83, INE AR EHEN, IRIIE
8HCR 96.28, SEIKPEESFE-IE R-0.307, ToEHEE

Mrisim 4 8 4~ Ser. 4 /> Thr #il 1 4~ Tyr, £ 62~160
GELRR A BT A 1 > RTP8O1C #BIL I Kk D g4
P, HAZSSHITE Y R AR S 0RAT (K 4. K 5). T
M = REER T, a-12E(62 NEIERR) L 37.80%, P-
P& (33 MEIEMR) G 20.12%, B-HM(7 MEEMR) S
427%, TLHEM 62 NEIHEMR) N 37.80%, Ui
Lv-ddit4l 3[R 4t () 25 L o-BEU5E | SiE (A A1 IC AR 46
MiohE, &M B-IrE, RIS B-F M. Lv-dditdl
E AR =445 (7 6).

2.2 Lv-ddit4l & E#REREED

FF NCBI BLASTP X Lv-dditdl Ji [H 45 % () 2 Jik
R ¥ 5 HEAT [R5 51 He Xt (] 7), & B Lv-dditdl 5t
K9 5 f# (Chionoecetes opilio) R JR R, A
59.76%, HHABYFFEEME S : A(Homo sapiens)
(23.20%) . Z.(Mus musculus) (23.59%). 4-(Bos
taurus) (23.71%) . SEJEJE(Pan troglodytes) (23.20%) .
7 5% (Sus scrofa) (21.65%). #fF IUHE (Xenopus
tropicalis) (20.11%) . HF x5 X E (I ctalurus punctatus)
(25.13%) . B T fa(Danio rerio) (17.96%) . 23V fifi (Lates
calcarifer) (24.74%). HREEAS SR 1 (Anarrhichthys
ocellatus) (24.23%) . ¥ fA,(Chelonia mydas) (21.88%).

R IR B E AR, BRR AR S

1 M 4 H L k vi1. F§rp § s H
1 cgtgcaattg tagtgtgact gttatagact gtaaagtgag gagaa ATG GCT CAT CTC AAG GTG CTG TCA CCA TCT TCA TCA

3P L f prir e P L P T EEDV QM P @ L EDP T E
82 CCC CTC AGT GAT CTC CTT GGA CCT TTA CCC ACA GAA GAA GAC GTC CAG ATG CCC ACG TTA GAA GAC CCT ACA GAA

334 L TR 4V LRGGR UV EEEV R A4 4 F o~~~ v L
157 6CC CTG ACG CGA GCG GTG CTC CGT GGG CGA GTG GAG GAA GAA GTG AGA GCA GCT AGT CAA AAT AAT ATG GTA TTG

63 p P T L L D Q V A D H V L Y L A K D E P C G L R G
232 C€C6 CCC ACG CTG CTG GAC CAA GTC GCT GAT CAC GTC CTT TAC CTC GCC AAG GAT GAA CCC TGT GGT CTG AGA GGG

88 ¢ Vv L T VvV L W A D V E E E E Q Q L A4 Q V K A D A H
307 TGT GTG CTA ACG GTT CTC TGG GCT GAT GTC GAG GAG GAG GAA CAG CAA CTC GCT CAG GTC AAA GCT GAC GCC CAT

113 H » v @M v v 1 v v f ¢ R p p p a4 f w i 7 kK w a4 R 1
382 ACT CCC ACC ACC CAC CAC CTC GTC CTC ACT CTA CGG CCG GAC CCC GCC TCA TGG TAC ACC AAG ATG GCT AGA ATA

133 ®R f 1 ¢ kK R R M v v § P o v D L I K R R L ¥ N F
457 TTT AGG TCA CTC GGC AAG AGG CGC ATG GTC GTT TCA CCT CAG TAT GAC CTC ATC AAG AGG AGA CTG TAC AAC TTC

163 E D =
532 GAG GAT TAG gttagatagaggctccccacgtcttgaageggttcgectgaagtccatcaggagaattctggacgcagagacacgttaggccccgscs

629 tgaacagaagaggaagttataaattatttatttcccaagaagtggacgccgttttagccaatctagaagtgtegageatagttcggaccgttttcaa

Bl 4 Lv-dditdl JE[H cDNA JF41FIX N 19 S50 1 51
Fig.4 cDNA and amino acid sequence of Lv-ddit4l

JA B F AL T R O RER, PRRBERRALNL, R g i

The start and stop codons are indicated in red, “|:|” for phosphorylation site, “—” for domain

fi% ##% (Dromaius novaehollandiae)(19.44%)

fari 1

A= ==
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Fl5  Lv-dditdl B[ 4 T R 45 F 4]
Fig.5 Functional domain of Lv-ddit4l
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Kl 6 Lv-ddit4l & 15T = 4e45H
Fig.6 Three-dimensional structure of the Lv-ddit4l protein

(Rhincodon typus) (21.35%) . %i . % (Acyrthosiphon
pisum) (29.65%) . 1 3C & £ (Branchiostoma floridae)
(20.48%) . K73 (Daphnia magna) (27.33%). S
(Srongylocentrotus  purpuratus) (19.13%) . H A< #l] %
(Apostichopus japonicus) (22.22%) . 5 i % (Limulus
polyphemus) (23.39%) . 3¢ [El JE#F(Homarus americanus)
(34.12%).

2.3 Lv-ddit4l EEM RSB S

Xt ddit4l g i i 8 5 51 BEAT R G AL A,
ZERNIE 8 Fron, FLAAEEXSHR e S AL S R
WRN—X, HEREEIFHE, EMNREEER
RiT, WHM— M0l HESHARMS | %
@HEE, FEINSCR M, DhEREE . K&, BiEBER
H—3o

2.4 Lv-ddit4l EEEIEE LWEITIRAR by RIE

qRT-PCR 7+ Hr &M, # 26 C /KB,
Lv-dditdl 7€ FLANTEXTEE 5 Fpegirp ¥ %5k, H ik
EIEAME, WA BEZEFP>0.05) (K 9),

25 ARIBEMET Lv-dditdl EEERERAA SR
Fix
TE IR BE W AR Sz, Lv-dditdl 35 R 78 PLAA T3 X i
5 P b A X FRIERANE 10 P, BRAEH
Lv-ddit4l 35 e KR T+ 2 32°CHf(B-32°C) i & 114
(P<0.05), J&X}HRZH(A-26C)FIA K 10.37 5. HX}

HEZH(A-26°CHFHI L, 8. AR Lv-dditdl (1) 3ik 5
[ 2 32°C i S F i (P<0.05), FikHd B2t i
Z(A-26°C)I1) 3.37 f5H01 2.03 1% . [A13E = 26°CHF(E-26°C),
MRAR . 6. FFBRAR . P FIULRA A Lyv-dditdl ik
500 R4 (A-26°C ) TG 1.3 2% 5(P>0.05), 1R & HI
LA, AFETREPE T A Lv-dditdl Fik s %A 5
F36(P>0.05),

TE R B A Sz v | Lv-dditdl 78 FLAAEXTIE 5 A
AP RYAI R FRIEE LA 11, 5% E4(A-26°C)H
o, 8. PR . MEh i Lv-dditdl A8 EKiR
BEAS 2 36°C )5 10 min I (F-36°C) 2 Fi#(P<0.05);
Hrp, BB RR A R, XTI 24.06
i, HH. MR SRR A0 D X R ZH(A-26 C) KA
HI 1.22 £5 81 3.67 1%, WLAHEY Lv-dditdl ik &7
KIRAEFRFAE 36°C 24 h (G-36°C)f i3 | H(P<0.05),
SRR (A-26°C)IY 2.71 £ o [ 22 26 °C Y (H-26C),
S OFFERR . MR TR Lv-dditdl Rk 5 %)
HE2H JC 1o 2 25 5 (P>0.05),

3 i

Hl, T dditdl 78 24ERF BRA% 40 i E 1L ik J R 2
DL S AE B A U 7 T & #74E H (Cuaz-Pérolin et al,
2004; Pisani et al, 2005; Imen et al, 2009; Suzuki €t al,
2011), dditdl ik AR R 0, 8 W T4 4
AHH . WLABRE LI R BRI, 7EEE A R R ZHUEE
i 88 2H 20 A IR 3 ik B &K 38 3K (Cuaz-Pérolin et al,
2004; Simonson et al, 2017); ddit4l mRNA 7£ B A\ )&
U R S m FR Ak, B R Ty R s AT LA
mTOR 7% P (Drummond et al, 2008); Kkl (Rattus
norregicus) ddit4l mRNA L2 HE AL, o0 I FIORE 5
Fi S PEF3K (Pisani et al, 2005); /)NEL(Mus musculus)
dditdl FEPI7E LA 44U RSPk ik (Miyazaki et al,
2009); FEBEDfa it dditdl 3R AR . HRIE . O
WL FFRE . CEFRE. DNER . B8 BpiE . WLA . BEEFIRS
Hrh B F58, (BAEFRE B R FN BP0k A
R, 2012) XTHED R G AT RAL 3, dditdl
(A 0k 1 3 R 5 X RE I R R i A T L Ak
P, dditdl Bk B 3 FIH SR, 2012), Cuaz-Pérolin
ZE(2004) 0 Y dditdl LR, KB dditdl & —FRKA
FOWEE, FEAR2E A 4T, dditdl JEPI AR IA
R APE I Pisani £5(2005)8F 55 3E B , ddit4l
TER BT A h R EW B E B, e 5%
FUM AT BN I [ A 5 (Cuaz-Pérolin et al, 2004;
Imen et al, 2009),
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Litopenaeus_vannamei . . R .. MAHTKVI.SPSSSPLSTILIG. .. ... .. PTPTEELVCMNPT. .. . .TE 33
Homo_sapiens i MWATGSLSSKNPAST SELLICGYHPESLLSTFEYWIYVVPEP. . . . .. NINE 46
Mus_musculus R . [ _ NVATGST SSKNPAST SELT 'GGYHPGSLLSTFEYVIYVWPEP. . . NINE 46
Chionoecetes_opilio ... NARLKVLTPVEAKLSDLIG. . . ... .. .. PLPIEEGLLEEE. .. ... .. LE 33
Bos_taurus i MATGST.SSKNPAST SELTTHGFYPGSTINTFLYVEYVWPEP. . . . .. NINE 46
Pan_troglodytes Ll MWATGSI.SSKNPASI SELITCGYHPESLISTFOYWIYVWPEP. . . . .. NINE 46
Sus_scrofa ~ MVATGSLSSKNPDST SELLCRSFHPGSLINCFEYVOYVWPEP. . . . . . NLNE 46
Xenopus_tropicalis ... . e MRPAGS. .. ... .. .. NSTEYESNANT. ... ... Vo 19
Ictalurus_punctatus MVFTMWVATSTCKNKSSEFI STIFVI.GGYLOSCT TNELEFVERCLTEP. . . . . . YISA 50
Danio _rerio ... T _ .- NVYTGALVFGNSVRNEPENI TTARTI STT PGIL.RGRGEPT CHCGRT VKACSFSST.GSA. .. . CSTFE 62
Lates calcarifer MWATSTIKTKSGRCT STL.VIRRYNOACT EKELEFVEHCTARP. .. ... CRNA 46
Anarrhichthys ocellatus . i . MVATSTI KTKSSECT SEI.VIRRYNOACT EKRTTFVIHCT.ARP. . CRNA 46
Chelonia_mydas = MVATSNISSKSTACT SELVHCGFHHAN. T STFOYWIYVVPEP. . . . .. NINE 45
Dromaius novaehollandiae e ............................NVATASLSSESPARVSEVI CGGFPQPT. T AUI GYVIIXTGPKP. .. .. . NISE 45
Rhincodon_typus MVASCS. KRKSPGCEPPART. ... .. .. ... TNYVEHEVAAN. .. .. NWNE 34
Acyrthosip}ign_pisum . A R R . ............NEVVPPYYI CPSYPVHSTIG. . .. ... TTIKIETIES. . ........ 29
Branchiostoma_floridae MCKCDVANMGPNVPSREGEEGVS VREEVVTLSGDGFF AALGKLFTKLGET FTPKTSPPI SSVEERT.CRKLVERRENYPGVRYKSTENARCLSLLRLEVAC 100
Daphnia_magna e NMEVNPT PVATTIFSETIVON. ... . TSTEDARECT. ... ... .. AR 30
Strongylocentrotus_purpuratus - - - - - R . B MLCVCEFPRIHLSRNITESVRN. .. ... . NINVITIGRGLEHC. . .. GNHED 40
Apostichopus_japonicus .- MKVFELAKVI CKTELPSVFVP. . VIESTGRV. ... ... .. TMVPTTGNPTIEN. . . .. GINID 46
Limulus_polyphemus - o i e ... MKTHET HNSGVI.RSSAFG. . .. ... .. ENCAVDAFVCPP. . . .. NE 32
HOMAIUS QMEFICANUS e v v ot n ettt e e et e NMAYGVKMDRVQVMRPNLYDVLG. . . . . .. . .. SICATCCLEVFE. . .. .... VE 36
Litopenaeus vannamei T'P. TEALTRAVLRGRVEEEVRAASC. . . . . NNMVLPPTLLEOVACHVLYLAK ECVLTVLVALVEE. . . . . EEQCLACVKARAHTP VLT 122
Homo_sapiens VI . FERESTCONEVRMUENCLSKSKCTKT.GCSKVI.VPEKLTCRT ACTIVLRI SS CVVHVNLET FNV CRKLTRT VCDSSVWPYFELTIV 139
Mus musculus VV. FEETTCCNLVKMLENCLSRSKCTKLGCSKVLVPEKLTCRI ACDVLRLSS CUNVHVNLETENV. . .. .. CKKLTRT VCDASWWPYFELTLV 139
Chionoecetes_opilio T'P. VETRAVWVI,RRRVEEEVRCNTH. . . . . NST VFPPHLI "(VAFHVLELST CVIFVVYELPEL. . . .. GEOCLAKLKTDKNMPSUHLIVIK 122
Bos_taurus WV. FEETTCCSEVKM ENCL.SKSKHTKI. GCSRVL.VPEKL.TCRT ACDVI.RI.SS CUVHVNLETENV. . . CKKI.TRT VCDSSVWPYFELTIV 139
Pan_troglodytes VI . FEESTCCNL VKM ENCLSKSKCTKI.GCSKVIL.VPEKLTCRT ACDVLRISS CUVHVNLETENV. . . . . CKKLT'RT VCRSSVWPYFELTLV 139
Sus _scrofa VV. FERTTCCSEVOM BRCT.SKSKHTKT GCSKVI.VPEKI;TCRT ACTIVI.RI SS CVI HUNLEVENV. . . CKKITRT VCRPSVWPYFRITIV 139
Xenopus_tropicalis TA. FTVMRTYHLASM ENCL.YNAKCTKIHCTKI L.VPKGLI TRVACEI LKFSF CT THVNLECGEK. . . . .. HLALGTLAYESTVEPYFEVILV 112
Ictalurus_punctatus FA. CEEVACCOLVRT LEGCT ARAKTSTI.HCTRVI VPRTI.TRRVARTIVI RT AA CVI.DVRIET FECRKGR. RCAKTIERT VCTASMPYRRITIV 148
Danio_rerio FEEGREVCI CT.DLSKRI EKCI.YEAKGAST.RCCELRL.PRHVT TRILAGDI T.RL.SV ALT HVYMENKGT. . .. .. LINLGTVI PRCST.TPYFEVSW 156
Lates _calcarifer V. TRNRTCOOT AKMVFENCT SRAKKTTIT HCSS VI VPEKITRRT AREVIRT AS CVI YVHLRTTKG. . . . . . CKRIFRT VYDATWPYFRITLV 139
Anarrhichthys _ocellatus V. TERCSCCOLARVEENCI.SRAKKTTIHCS AVI.VPEKITRRI AREVI.RL.AS CVLYVNILELTRG. . .. .. CKRLFRT VYESTWPYFELTLV 139
Chelonia_mydas 'VV. FERRTCCSTVKM ENCI.SKSKCTKT HCSKVLT PRKI.TKRI ACTIVI.RT SS CITHVNLRT GNV. . . . .. CRKITNLT YEPSWPIFRITLV - 138
Dromaius_novaehollandiae AV. FERCPUM.YI KCVR. ST.SRSKCAKI.FCSKVI.VLEKITFEI ACEVI.VPSS CTTHADLXTXNA. . . . .. CKKI.TRFHCOPST VPYFESTLV 137
Rhincodon_typus - - .. BRCTCT.YLTKI FESSE.SRAKKTKI NCSEVLVPETLT RKT ACTIVI.CT.SSS3Pig STTYINVETGNT. . .. .. CKKLTRT VYRSSVWPUFELTIT 124
Acyrthosiphon_pisum . . .. ETSARNALHCRLERRIRAAKRAQLSCGRVLLPPTLT HRT AHTVI.KNAFS|3PS CTLYINFEGRCE. . . . . CRK. T GTT RCRTNTVSYRRLFLT 119
Branchiostoma_floridae TAMEFF ACERLSNKT.ATALRRARCR. YT.OCNLVVPTNLTCOT ARDVERNSTNZPA LT HTVYRTSSG. . . . . VSKOVGKVNYRPTY ELTIT 194
Daphnia_magna TIVLART T.AART ROARARYRISNGCCCR, APNRI LLPAGLTCST ARDI INASATP CNVVFT TEEFPNSRNSNDRKORT GAVKCHPY ELYIT 129
Strongylocentrotus_purpuratus (T CRTKNVACFVSHLT FRTERKARTKYF. NGKLLT PSNLPTHVARIVIT NARFZPG CSTTT VYENGES. . . .. CRR. LGRVAVEPTY EITW 132
Apostichopus_japonicus TL. ORFKITRVE SGLT T RTERAARNKTS. HI (T LVPSNLTKHLAKT SFMSRNZPS CALTT TLRDGEN. . CTR. T GKCOVDPT! EVIW 138
Limulus_polyphemus T'E. FERI NCKYLATKLENSERCARTKLH. CTEVI FPTNENHRT ARTI NVEVS VOZPOEWIECVT YT NCERKKL. . . . . RRH. [ GKVKCEPTAVAYFEVFIN 124
Homarus_americanus GE. VAAKVSMVCCLTQEVTSRADALG. . . CGQVWVPNGLI DEVTAQVLRLALS|SP@ELIN€GVLEVLYEDGCG. . . . . GEQELTRVVLEPTMP YLT 127
Litopenaeus_vannamei TRPTIPASWYT. . __ KNART FRST.GKRR. NVVSPCYDLT KRRLYNFEL. . _ 164
Homo_sapiens FRCENCSVTSFROFFFSRGRESSGFRRTLT LSSGFRLVKRKLYSLI GTTVI B 193
Mus_musculus FRCESCPVTSLKDFFFSRGRFSSGLKRTLT LSSGFRLVKKKLYSLT GTTVI EEC. . 193
Chionoecetes_opilio LKADPTSWFT. . . KNART FRST.GKRK. NVVSSRYELLRKNEYDCPCVINVG. . . 169
Bos_taurus FRCENCSVTSFROFFFSRGRFSSGLRRTLT LSSGFRLVKKKLYSLT GTTVI EEC. . 193
Pan_troglodytes FKCENCSVTSFROFFFSKGRESSGFRRTIT I SSGRRIVKKKLYST T GTTVI EGS. 193
Sus_scrofa FRCETCSVTSFROFFFSRGRFSSGLGRTLT LSSGFRLVKRKLYSLT GTTVI EEC. . 193
Xenopus_tropicalis TKRESCIITHFSTFLT PGTWEPSLFRG TKT.SPKFIIITRNSL.YFSVGG. - SENC. 164
Ictalurus_punctatus FKCNGSSYMNLREFLRI GTCFS. . . RRTLKLGPGFRLVKKKLYSS AAGTVVERC. . 199
Danio_rerio T.CANT GGWPP. TXITFGGG. . KVI.ST RREYRI I KRKT.YSSATPTVI EFY. 202
Lates calcarifer FRCTIGTAVPST REFFFMGTCF APAFRHVI KT SPGFRI.VKKKLYSSS AGTVVEEC. . 193
Anarrhichthys_ocellatus FRCNGTAVPST RIFT FNGTCEAPTFRHAT KT SPGRRIVKKKL.YSSSAGTVVEEC. 193
Chelonia_mydas FRCNCCSVYPSFROFFFTRACFASGSKRTIT I.SPGFRLT KKRLYSLI ET. VI EEC. . 191
Dromaius_novaehollandiae FRCNCCSVSSTROFFTHACPTSSI.SRESCATSSGR. . .. . ... ... 172
Rhincodon_typus FRCNGSSYPSLSTFFFT GTCRTAGFROALKLSPGRCLI KRKI.YSSSARTVI EC. . . 177
Acyrthosiphon_pisum TRCNPRNAVS. . . 1T PLFTRNFTSGGTT VI THEFTI EKRKLYRSFIE. .. ... .. 163
Branchiostoma_floridae TRRORAAVIN. . ALOATT PRSGCSGCKTVTLSSGYRL.VKKKI.YRLSTKRSEVI EYP 248
Daphnia_magna IRP. HTTWTS. . . . KLPT.CIL.CNLEYRSTAVVI SCTYSLVKRKIF. . .. ... ... ... 167
Strongylocentrotus_purpuratus ~ VGRVSPKWFIT. . . KMCSVI RNSVECT. . VLKSSYKL.VKNKT.YRRNGSVCT KRGS 182
Apostichopus_japonicus L.CKETPKVFP. . . . KLCMVL.RNNETRT. . VI KPTYKLT KRKL.YRKESRVI VGESS. 187
Limulus_polyphemus TKTEVSSVFS. . . . NKCKT KVRMGFKS AVVI SEGYTTNKNKT.YRSSSLH. . 169
Homarus_americanus LTPDTTTWYH. . . . KNSRI I KPLRKSSPLLLSTRFKLEKRKLYPEE. . . . . . .... 169

B 7  Lv-ddit4l 22 FE /R F 5 st

Fig.7 The alignment of Lv-ddit4] amino acid sequence

ddit4l J¥51 GenBank % 535 : A(NP_660287.1), Z FL(NP_084419.2) Jt K (KAG0695771.1), 4= (NP_001074988.1),
AR (XP_001168002.1), BFRE(XP_013834460.1), 7 TUE(XP_004911505.2), B X EHI(XP_017326609.1), BED

(NP_001245246.1), ZRW8H5(XP_018546478.1), AREEABR{(XP_031707148.1)., ¥, (XP_027681253.1). M&Hs(XP_025965069.1).
fig % (XP_020378872.1) . B E.AF(NP_001155726.1) . {3 3C B 1 (XP_035668797.1) . KAIF(JAL45518.1)  EAGIH(XP_787042.1).
H A H1 2 (PIK42874.1) . T BFME(XP_022254613.1), 3£ EUF(XP_042214560.1),

The GenBank accession numbers of ddit4l amino acid sequences are as follows: Homo sapiens (NP_660287.1),

Mus musculus (NP_084419.2), Chionoecetes opilio (KAG0695771.1), Bos taurus (NP_001074988.1), Pan troglodytes
(XP_001168002.1), Sus scrofa (XP_013834460.1), Xenopus tropicalis (XP_004911505.2), Ictalurus punctatus (XP_017326609.1),
Danio rerio (NP_001245246.1), Lates calcarifer (XP_018546478.1), Anarrhichthys ocellatus (XP_0317071438.1),
Chelonia mydas (XP_027681253.1), Dromaius novaehollandiae (XP_025965069.1), Rhincodon typus (XP_020378872.1),
Acyrthosiphon pisum (NP_001155726.1), Branchiostoma floridae (XP_035668797.1), Daphnia magna (JAL45518.1),
Strongyl ocentrotus purpuratus (XP_787042.1), Apostichopus japonicas (PIK42874.1), Limulus polyphemus (XP_022254613.1),
Homarus americanus (XP_042214560.1).
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Fig.9 Expression of Lv-ddit4l in five
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Expression Analysis of the ddit4l Gene in Litopenaeus vannamei
Under Sudden and Gradual Change of Temperature

CHENG Lin'”, LI Xupeng>’, CAO Baoxiang™’, GAI Chaowei'”,
LUAN Sheng™*, KONG Jie**, MENG Xianhong™*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University
Shanghai 201306, China; 2. Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China;
3. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture and Rural Affairs;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China)

Abstract Temperature is an important environmental factor that affects the growth, development, and
metabolism of shrimp. High temperatures tend to cause a decrease in the immunity and production
performance of shrimp, resulting in a significant increase in shrimp disease and mortality. Based on
transcriptome sequencing data, we screened for the involvement of DNA damage-inducible transcript 4
like (ddit4l) in the temperature stress process of Litopenaeus vannamei. Ddit4l (also known as Redd2 and
Rtp801L) is involved in regulating cell survival, proliferation, and apoptosis by affecting DNA damage
repair factors, hypoxia-inducible factors, and other signaling pathways when stimulated by DNA damage,
hypoxia, ischemia, and oxidative stress, among others. Ddit4l may be an important transducer of
pathological stress in autophagy through mammalian target of rapamycin (mTOR) signaling. Autophagy is
a process in which cells use lysosomes to degrade their own damaged organelles and macromolecules, and
the process plays an important role in maintaining the balance of protein metabolism and the stability of
the intracellular environment, promoting cell growth and development. An important regulator of
autophagy is the mTOR, which responds to various stimuli, such as growth factors, cellular energy status,
oxygen concentrations, and stress, to regulate cell metabolism and growth. Ddit4l and its homolog ddit4
are upstream mTOR inhibitors in several tissues and cell models. We set up sudden temperature change
and gradual temperature change experiments to induce a stress response in L. vannamei. In the gradual
change experiment, the water temperature was increased from 26°C to 38°C at a rate of 4C per day, and
cooled back to 26°C at the same rate. Two individuals were randomly selected from each of the three
parallel experiments in the experimental group at each time point. The eyestalk, gill, hepatopancreas,
nerve, and muscle were used for subsequent RNA extraction and gene expression quantification. RNA
quality and concentration were also examined. The partial ddit4l cDNA (complete ORF and partial UTR)
of L. vannamei was obtained directly by PCR amplification to evaluate the structure and function of the
Lv-ddit4l gene. The Lv-ddit4l sequence contained a 495 bp open reading frame, encoding 164 amino acids,
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with a molecular weight of 18.51 kDa, and an isoelectric point of 5.35. The instability index was 65.83,
which classifies the protein as unstable. Lv-ddit4]l contains a highly conserved RTP801-C domain.
BLAST alignment and phylogenetic tree analysis showed that the Lv-ddit4l gene had 59.76% similarity
with the Chionoecetes opilio dditdl gene, and first clustered with C. opilio. A real-time RT-PCR
confirmatory experiment considered three parallel groups for each sample with 18S rRNA as the reference
gene. Relative gene expression was analyzed using the 2724 method. Quantitative analysis of gene
expression levels showed that Lv-ddit4l was widely expressed in all of the examined tissues, with similar
expression levels at 26°C. When the temperature was increased gradually from 26°C to 32°C, the
Lv-ddit4l gene in the eyestalk was significantly increased (P<0.05), and was 10.37 times higher than that
in the control (A-26°C). Therefore, this gene is hypothesized to respond to temperature changes in the
eyestalk of L. vannamei. The expression of Lv-ddit4l in the eyestalk, gills, hepatopancreas, nerves, and
muscles did not change significantly when the water temperature was gradually increased to the highest
temperature of 38°C; it is speculated that this gene may play a role in pre-heat stress. When the
temperature was gradually cooled from 38°C to 32°C, the expression of Lv-dditdl increased significantly
in the gill and hepatopancreas (P<0.05), which were respectively 3.37 and 2.03 times higher than that of
the control group (A-26°C). There was no significant difference in gene expression under different levels
of gradual changes in temperature stress in the nerve and muscle. The expression in the gill,
hepatopancreas, and nerve was significantly up-regulated (P<0.05) at a sudden change in water
temperature to 36°C for 10 min, and the change in expression in the hepatopancreas was 24.06 times
higher than that in the control group (A-26°C). Gene expression in the gills and nerves was 1.22-fold and
3.67-fold higher than that in the control (A-26°C), respectively. When the water temperature was
increased to 36°C suddenly for 24 h, Lv-ddit4l gene expression increased significantly in the muscle
(P<0.05). Lv-ddit4l showed significant up-regulation of expression in the gill, hepatopancreas, nerve, and
muscle with sudden changes in temperature, suggesting that this gene may play a role in the stress
induced by sudden increases in temperature. When the temperature was restored from 38°C and 36°C to
26°C, the expression of the Lv-ddit4l gene was downregulated in L. vannamei. The above results indicate
that Lv-ddit4l is associated with the response to high-temperature stress.
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