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FEARTIE T HIZS T M A PLE-1 3£ K (TI4-1) 4K cDNA F51 ,1% 3 K cDNA 4244 3108 bp, 15 16 bp A 5' UTR,

1284 bp BYIT ik FZHE(ORF), 1808 bp B 3'UTR, 4t 427 &I .
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HEMA TIA-1 AR AN s i Rk 22 5, 3 H A FH A0 528 50 R F A K I A0 M A = i e~ TIA-1
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VR W BORIE AR S R R 1, 2 —25 5 mRNA
FaEAIE) mRNA 8568 A, J& T &S50 i)
PEULERIN -, iZ 8 H—E A mRNA iE#z, FHiEEH
U3 5] 5012 20 7 R AR B, R TR A B S R
FRPEATIREENTPL TS E RS N AT
B A5 B i 32 B2 48 rp 78 ] 30 i 18 1k 19 42 i
PR T B A Z R R AL T, T N Uk AR
R — P I LA S B S S VRS L, AR IR
TCHHE S B B0 38 A LA AL (4 BIF 5 A A DL
i HiiE

AT 5T LU S i T8 20 Mk S0 A4 R, AR K
Wik RO M TIA-1 AT, FIH RACE #i A
B IR TSNS TIA-1 FEH 4K cDNA F41, If
HEAT T TRIVR E X R R G AR 205 A Western
blotting £ AR & T H 2 7 18 4L TIA-1 7E = T
TE T 4 200 AR IV A0 B 1 R AR AR AR X, il g 4 e
BPET N AR — L TEOEN TIA-1 BIE
NRRSE Lo LA DA N SRR 1) £ SR B 2 1
TP 2T R HLE], SCER 2 558 A B 47 14
ML BB & B, N ) S i A RS R R
T2 B A 5 0 BRORI 0T 10122 041 1R 2R 1 g s 48 1
W TR S 4

1 #MBEFE

1.1 LIz EF&H

FIZ R, W HF ST LTS, AR 100+
8) g, INIRIZEBELI R, H7E 5K = KAl
AR 1 )R YIME, 7R SR YIL L R,
KIRFEHIFN(15+1)°C, EREEH 28~30, pH 4 8.0+
0.3, BFR ARtk f i B2 AE S 51, & i
N TRC A AR G e AN BR R 4 LU AR A
BL), VAR 2 P i R BT
1.2 RSB EMBMMOEREST KRN HZ
T 75% iR 5 min, 768 T/EG T
RSB L, HPUERBRIEREOR . VLIRS
BARAARRL | mm® K/NGLE G, B B A (44
INERFS ATRSE AN A 0.125%5 JE RS AL 1 15 mL
BLE T, F 23 CHEIRKB R TIHIL 2~3 h, 300 g
B0 2 min, ZFRATAILAILIEL, 200 H &ML E
WA TH AL, 900 g B5.0> 10 min, F [, JIA 5 mL

I In$iAE 2 it g K A, 900 g FRUKEL> 10 min,
BEJE A L15 Bl R B 5% 57 R i 20 M Bl o MR
20 uL 40238 A 20 puL 0.4%K S Wk iATR G
UEHEEKFRRE), WATIRA) G A mERTHEOR, LA
WA T ST, A AMAETE R KT 80%,
IR —258, KRR GHERBEE 10%mL,
T 15Cli g HEFMA T EHIRTERRE 0.5 h )5, 4%
it gR 4 hAFXTIRAL, T 25°CaJmin b m i
8 4 hE R,
1.3 2 RNA $REUF1 cDNA £ KTE

% H RNeasy mini kit 357 £5(74104, Qiagen,
Germany)#2 BUNI 2 78 4 i RNA, FH IS HHEE I
HEL KK & RNA #5234, NanoDrop 1000 43656
J& 11 (Thermo Scientific)Kll & RNA A&k 4R
PRI S5 1) TIA-1 B BP9
PSR, TIA-1F: 5'-TCCTTTACTTGTTCA-
GCCAGAT-3’, TIA-1R: 5-ACTGGGCTTCTCGC-
AAGC-3', |l SMART RACE cDNA A i § sk
# £5 (634858, Clontech, USA)#EAT TI4-1 %t
cDNA 2K rap, HAARHe i in) G vl B Pk
YE o FIHT 1% BE s LIk e ATk 45 51, R ie Js A
Fl OMEGA I [R5 £5(D250002, Omega, USA)
AT H B R By i, f gl Al i 56 R = i 4 &
R pMD19-T kL I, ZukoKIE . PR B
2 77 W) AL 22 S Ui H (D9052, Takara,
Japan), & 75 1 h JRIRTEDUCH &SI &2 T E &
R LB Pk Fad 5% PREURTE R T SOC
WAASE TR 3SR 10 he DA BRETT PCR
Kl 3% 2 Sangon 28 I .
1.4 F3aH

HIF] DNAStar FF#EAT P9 PHEAG ] TI4-1
L cDNA K74, FEH B i 3 B v sk
HE(open reading frame, ORF). | /] http://www.bio-
soft.net/sms/index.html ZEZEHA/EFS cDNA ) FF X
I5e] 152 HE T 9% 1l 2 B 1R 1 47 O A 7 [l W BE X6 0
F| FH http://web.expasy.org/cgi-bin/compute_pi/pi_tool
TE SRS F5000 XoF 17 AR P JB A 4 FL L PT RAH X 43
F& ., FJH SMART version 4.0 (http://www.smart.
embl-heidelberg.de/) il 4 B 22 5 1R 1 471 1) ) fiE
gEkydak, A SWISS-MODEL(https:/swissmodel.
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expasy.org/) N £ F 5t =2 2548 . A Clustal W
FEFFHI MEGA 6.0 F2 )7 #4755 X (9 22 5 51 L X Al
ARG LR L A
1.5 Western blotting IZE TIA-1 &EBRIEKF

WA R ZH A S a0 AL A0 B, SR TP 40
ZU6% W (PO013, Beyotime, Beijing)Hi it 4 4 fifd 25 11
Fl NE-PER Nuclear and Cytoplasmic Extraction
Reagents Ji77] £ (78833, Thermo, USA)H& BV £ /ity
FEH., H BCA £ (P0010S, Beyotime, Beijing)
e VR B, R R AR BT 25~30 pg (4
HHN 25 pg, WHMEAR 28 pg)zit SDS
PAGE BENCHLIK /T B EE T . WD R 400
M SDS PAGE #¢ /i %% 2 PVDF Jif b, 5% iR 3
H/TBST ZEiE I 4 h JFHKKINA—¥T, Rabbit
anti-TIA-1 f&FH LA 12 500( sc-28237, Santa Cruz,
USA), p-Tubulin fRFRI N 1:1000 (2146S, CST,
USA), 4CHFF 137, HRP FRich) “HiEEME 1 h
(FR L3950 12 8000 A1 1 : 10000, 7074S, CST,
USA), Hamfk#2¢ ) (enhanced chemiluminescence,
ECL).5%, #JH Image-Pro Plus 6.0 (Media Cy-
bernetics, USA)HK 43 B 25715 K BEAHE -
1.6 SRETEKN TIA-1 IF4 A E oL

S i 452 o 7E 5 A TS B A 25 B R 6 FLAR I,
BEFLIERT 2 1004, K 25°C R Ml 4 h A 20
MOVE R SE R4, K 15°C 158 K5 5% A 40/ R o B
A, WEER)E, WAEEFER, BLLIMA 300 uL
4%2 5 G U8 /KA B), 2 IR & E 20 min J5
H 0.1% TritonX-100 X 4 g% L AL PE 15 min,
VEMFKPE 3 YR, K 5 min, K5 A 4% BSA 1
PBS ZEiaE 40 1 h, FJ 1:300 R TIA-1
Y —47(sc-28237, Santa Cruz, USA) 4 CiE &I H
12 h, b uE#EKYE 3 K, 4K 5 min, FH 1:500 Fi
P Alexa Fluor 488 Hnic i — 41 (126601, Jackson,
USA)RECIEE 1 h, K YE 3 K, 4K 5 min,
fJa & 10500 #i Bk DAPL B9 50% HihE A, 7%
6 A TE I A .
1.7 HESH

N SPSS19.0 GiitAbBREK (1T 5L 114347,
gk DL bR IR (n=3; X +SE)F /R, K H
Student’s T test 74, P<0.05 BfIAHZE R B FH, P<

0.01 BN Ry 22 S it 35
2 #RE5HW

21 RE TIALEEEHSH

2 TIA-1 FER cDNA 42K K 3108 bp, H
£ 7 16 bp #Y S'UTR X F1 1808 bp ¥ 3'UTR [X.
B IZEE TR EHE (ORF) K Bl 1284 bp, %
7 427 AR, |88 48.07 kD, 3
WA R 6.19(8 1) (GenBank 515 KY93-
7959), I SMART version 4.0 Tl #f Wi =
TIA-1 ZHH W IIRESS M (& 1 FIk 1), it 3 4>
N K RNA PUIEE(RRM), 2 S2RBIE H R
X A9 C A X 3 (low complexity), RRM £ #4735 Ky
1 BE RS RNA UL, C Rl 4Pk X B
(low complexity) DI BB Z LR Q & =M, 75
Hi BT 80%F1 40%, Hi LW FII 2L sh ¥ e & 1
RE XA, A BEREMMER B, EH =%
SERY T AN 2 PR .
22 FSTIA-1FIIRIREYES ZEgH 50

FEAN R TR, = TIA-1 B9 55
MEsh Wy TIA-1 AR, Horp 5 2988 8 (Gekko
Japonicus)(XP_015276625.1) . K V4 ¥ il (Clupea
harengus)(XP_012671393.1) , W& #R(Xenopus laevis)
(XP_018106559.1). AZ&(Homo sapiens) (NP_07-
1505.2) . % P4 VY Lk %0 W) 65 (Alligator mississip-
piensis) (XP_006272065.1) Y [al A3 51 Jg - 49%
45%. 49%. 48%. 48%(& 3).

PLIZ: TIA-1 FIN NCBI | 3545 i HoAl #y b
) TIA-1 Fl TIAR J@8) R0, FIH NJ (neigh-
bor-joining) /7 L4 i R Ge it AL (K] 4) . 45 5B
flZ TIA-1 53K Y11 ¥ 2 2F (Lingula
anatina) TIAR [ R G #ER, P 5P M
(Oreochromis niloticus) TIA-1 F1 ¥ & (Oryzias
latipes) TIA-1 RAE—i2, [FJEXREE.
23 £ TIA-1 E B RIEKEREDN

SR TSI v R T 0 2 M 2 A L e N O
KIRIPR SR TIA-1 BURIAKF, J3 R B B2
AU A A B AN A0 e & ., W Western
blot F AR X HAR UK AT R L 45 R R W, AHLL
TR, S40M TIA-1 SCUe2H 3k 1 hn
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Fig. 1

M VWNGVAGVY IMESWS
acatggggacacacgCcATGGTATGGAACGGAGTAGCCGGCGTCATAATGGAGTCTTGGAG
MY KTQMOQQQEHGDE S QRT L Y
CATGTACAAAACCCAAATGCAGCAGCAGGAACATGGGGATGAAAGCCAGAGAACCCTTTA
V G NL S KEV TQDYILYLF S QTI
TGTTGGCAACTTGTCTAAAGAAGTGACTCAAGACTACATCCTTTACTTGTTCAGCCAGAT
G DV KGCKMTIAGQDUPNSGVNDUPYSC
CGGGGATGTCAAAGGCTGCAAAATGATACAAGATCCTAATGGTGTAAATGATCCATATTG
F VEF NUDI RNAAEUHAIKUHSVNGR
CTTTGTAGAGTTCAATGATCGTAATGCAGCAGAGCATGCAAAGCACTCTGTAAATGGCCG
V VI G RNTIIKVNWATTSAIKKE K
AGTGGTAATTGGCAGGAACATCAAGGTTAACTGGGCAACAACATCTGCTAAGAAAGAAAA
F TYQRGTI RSV FPETTFSLFV G D
ATTTACCTATCAGCGGGGTACAAGATCTTTTCCTGAGACCTTCAGTTTGTTTGTTGGTGA
L APEVDQDLLTI KA ATFIRUPYG L V
TCTAGCACCCGAGGTTGACCAGGATCTTCTCACAAAGGCGTTCCGGCCATACGGGTTGGT
A DARV YV KDMNTGHSKGY G F V
GGCGGATGCTCGTGTTGTGAAGGACATGAACACTGGACACTCCAAAGGATATGGATTTGT
A F ARESDAENAMIKA QMSG AWV L
TGCGTTTGCCAGAGAATCAGATGCTGAAAATGCTATGAAGCAGATGAGTGGTGCAGTTCT
G G K PIRTNWASUR RIKI QNA QSK G E
GGGAGGAAAGCCTATTCGCACTAACTGGGCTTCTCGCAAGCAAAACCAGTCTAAGGGGGA
A K EY KSV FDIKTSEANTTUVYTI
AGCTAAAGAATATAAAAGCGTGTTTGACAAGACCAGCGAAGCAAACACCACAGTTTACAT
G NTPDSF S ETEVR RNMFETTF G
CGGCAATACCCCAGACAGTTTCAGTGAGACCGAAGTTCGAAACATGTTTGAAACTTTTGG

I L EVRVYPDIRNYAFVIKYSD
GCAGATTTTGGAAGTTAGAGTTTATCCTGACAGAAACTACGCATTTGTCAAGTACAGTGA
H DQAAQATIVG CHGA QTVQDRP
TCATGATCAAGCTGCCCAAGCTATTGTTGGTTGTCATGGCCAGACAGTGCAGGACAGGCC

I R CDWGKEDN N~ QPIKGUPGS VT
CATAAGGTGCGATTGGGGTAAAGAGGACAATCAGCCAAAGGGCCCTGGTAGTGTTACTCA
PYMQQQQQ QQQ Q@ QQQ QA YDQ
GCCTTACATGCAGCAACAGCAGCAACAACAGCAGCAACAGCAGCAGCAACAAGCTTACCA
Q AALLYNS ST FSQQQTUPFQQQFP
ACAAGCTGCATTGCTTTATAACTCCTTTTCCCAGCAGCAGACACCGTTTCAACAGCAACC
Q Q Q FSGNWPPPGMYSQQQY VG
TCAACAGCAGTTCAGTGGTAATCCCCCTCCAGGAATGTACAGTCAGCAGCAATATGTTGG
G NQ S QVYPYFDSMMMAGQTGQ F
TGGCAACCAGAGTCAGGTGTACCCATATTTTGACAGTATGATGATGCAAACGGGTCAGTT
S G Y G QDASHSTFMGA QGS N S A
TTCTGGGTATGGACAAGATGCTTCTCACAGCACCTTCATGGGCCAGGGATCAAATTCAGC
A T S Q6 G F 6 Y Q Q Q *
TGCTACATCCCAGGGTGGATTTGGTTACCAGCAACAGTAGatagagctatgtcatatata
ccaggtagattagattgggcggtgtgtggcaaaagggggggttcattgactggtatacta
aatgaccatttaagggtacaagaagtatttagtcaaagtgaaatgtaagtttaaaattta
acggtaacctttgtagaaattgtgtagttttttcttgggttgaaatcttccatttattaa
tgttatgaacatctgtagttttaaaaatttaagtaaatttttgccaatgaaatcattgct
aaagttcaattggtcttacatgtgagacaacagtacttagtcttttttttccctectcag
gataactcagctattgagttacctgctgaagtaagcaattctcttcttaacatatttatc
atatgcttttaatatgtattgttggctgcttcagagactgaaatgaagaaccgagtcatt
aactaaaaatatggtctctataactggccacaaaagcttttcattacgagttggttattt
gaggaagattgttgtagcttcactagccccctattgtatgtataactcaaactctttctt
ttcaaatttaaacgtcagattttgtaatttcaacagatttaaccatattgtaatgttttg
tttttcataaatgcaaatatatactattgttcatttttgttgttgttcttcaggtttcca
ttttgtcaaattcaaattttttctttgteccttttttttectecttaatttttectttaaaagt
gctggaagcaatagcacaattgtatgacaacttctttgacatttatcatccaataaaata
tatcagtctttttttatttcgttttttgtttgttttttggacttaaattttcttcttgat
gttcttttaaaattcacctttacaatcattgtaaataaatatgtttggtttttttcaggt
atttctgcagttccttcacattcatgttgatgttttttcctcaattattgtcaaaaggtt
tactccataatcttactttgcattttatgaccactttctttggtttcaattttaataagt
acagtttgataaagaaaagtttaaacaatcttcagagtaactctatttgcttcatcattt
caaaacatttttaagaaatttttgtccacttcaacatttaaggttcagaattattgacat
tgtaaagaatgaatgcaagttgtgccttccttattaggtgtgtaagcagttgacaaagge

RRM RRM

N

Bl 2 TIA-1 3 DIS5H 751 K 2 i 1 R 7 51

RRM CARUHEE 22 X Bt low complexity

=¥/
4

Nucleotide sequence of sea cucumber 7/4-1 cDNA and deduced amino acid sequences
OREF are indicated in uppercases, and 3'UTR and 5'UTR are shown in lowercases. The asterisk indicates the translational termination
codon. At the bottom of the page is a schematic diagram of domains and characteristic motifs of the protein.
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Tab.1 Location of conserved amino acid domainsin TIA-1

£ FK name IR A start 2k end

RRM 33 105
RRM 130 203
RRM 232 299
low complexity 319 338
low complexity 343 365

Kl 2 TIA-1 &A=

Fig. 2 The prediction of protein tertiary structure of TIA-1

116 15 (& 5A). M2 H TIA-1 S840 (86.70%)
FERE T X6 HR2H (43.78%) B3N T 42.92%, Mt
FEH TIA-1 SEE2H (13.29%) AR TXF FE2H (56.22%)

AILTIA-l MVWNGVAGVIMESWSMYKTQMQQQ EHGDE S QR T L IR
AM_TIA-1
CH_TIA-1

GI_TIA-1
HS_TIA-1
XL_TIA-1

Tk B ERIR T 42.93% (P<0.05, & 5B),
2.4 2 BE G T S A T Sz iR AT ) S BR

T I A T TIA-1 8 H A
R A5 A8 v B e LB B, FRATTIN FH 4 A A g 2
FeR AT 04T AR W, XX IR, Ly
TIA-1 zthric R 2 h RS an i, /A fE4n
i (8] 6-B), HIMLHEWT TIA-1 AR EES S T4
VIRV € ik A B A A
3 iTig

77 I UBURL 2 2R W A A2 B AP AR ) B
R PN AT B 7= A ) B SR S R 4 T SR B ML 2 — o AT
% R AR PRI 30 T G A B A G, I JOBURE 1Y
B 22 AR BN mRNA, WA ELTREHNS
I o e S D = S T e o
0D A R A0 6 7 R Y — R, 6 TR
18R TCEAE S W v N EOBURE LR AP HIL R ) B 5 T HE
R H (Trypanosoma brucei)M % H (Brachionus
manjavacas) 178 33 6 HE . Kramer 25 B9 &
TR 42 ol R R A I TR AR T elF2a

ERQP Y I LYLFSQ I[EDVEGEESY | QD PNGV NDPREF V EFNDRNEEJE HAK[E] 90
,,,,,,,,,, @Y MD TAG - - - NDRge 47
MVING CP4s[@@¥ A D s AG ND e 50

- AHGcNE®¥MD T AG - NDRgEV Y HRHAAARMNAMNG[Y 47

-NDpE@V HHRHAAARUNAMNG|H 47
- NDREEV - HRHAAARENA - NG 43

AJ TIA-l SVNGRVVIGRN I NASNAVINTENMOAK FTYQRGTRSFPETFSLFVGDLA PENDQEBL LEKA F AP Y[E L VEUSES QWSS M NEle) - SRNEAEelF VA FE\RE 180
AM_TIA-1 TSSSTVVNTRSD HHNYVGS TRy - - DISAAENG RENVEGRUAE NN M A BNE) NUNEREE] - - - VEINK 114
CH_TIA-1 TSN-------- - HH\YVG]S TIDD V A AENG K ENoENOUAS ] - ARNe) BREhge] - - - VEINK 108
GJ_TIA-1 TSN-------- - HHNYVGSS TEN - - DISA AENG R ENDESRUAN ] M A BNE) NUNEREE - - - VEINK 105
HS_TIA-1 TSSSTVVSTRSD HHYVGS TR - - DSAAFNG R EIDEGRUAS O M A RNE) PR - - - VENK 114
XL_TIA-1 ANSSSVVSTRSDHHRYVG[YS TID - DISAAEYG REIDEGRUARENM T RN} PRYEREE - - - VEINK 111
AJ TIA-1 S EN KQM AVLGGKP I RSENAYEN S I I4Q NQ SKGE A NTPDEHFSETEVRNMFEMFEQ I LEVIIVEPDIRNYAF 270
AM _TIA-1 W, N - GG W R------- REBNOPN T @A K STYSN T GVTSE- - ------ TMRESEMR - VDSGRYS VIdN - - - 182
CH_TIA-1 W - GW &R - - - - - - - LSNP T A K ATSTN A VVTES - - - - - - HVMRENS @HMVRVSGMS - IqS - - - 177
GJ_TIA-1 W IN - GGW R------- REIBNEN T RSN A KNTYSN A GVTS[E- - - ----- TMREIS[E@MR - VDISGRYS VI8N - - - 173
HS TIA-1 W N - GGW R------- LN T RO A K STYSN T GVTSE- - - - - --- TMRENS[EMR - VDISGHES VIqN - - - 181

XL_TIA-1 W] N A GG W R------- SENNPN TESN A KSTYSN A

GVTSE-------- TMREYS[€M VRVDEGRYS VIS - - - 179

AJ TIA-1 VKYSDHDQARNQ A IRESIC HEQ TV QDY P fl:ye QQQQQQQQQQQQQQAYQQAALLYNSFSQQQTPFQQQPQQQFS 360
AM_TIA-l - - - - - - sHsSP A HARH VN - - SNGY = - = = = = o e e e e e e e e e e e e 213
CH_TIA-l - - - - - - TH-NAHAMSIVNES - VGV o 21 i 2 52 B B B 50 Do B 3 B £ B e 3 b ot 55 ) S 1 214
GJ_TIA-1 - - - - - - SHSENA HARNES V N[E - - INNVG - - - - - o - e e e e e e e e ee e e cm e e e e eeemceeen ===~ 204
HS_TIA-1 - - - - - - SHSENA HANSSI V N[E - - NVNG: ccvccnmssnmasmasmis s swmBws »oome swese wss s 212
XL TIA-1 - - - - - - sHsPAHANE VNG - - NIVVISIS 5 & e 5 2 5 3 el o il & 53, Bpor B oreg) =0 b 8 B Hlgl e B o) 5 5 211
AJ_TIA-1 GNPPPEM QQQMVGEINQSQVYPYRIDEMMMQTGQRASEYGQDASHST FMGQGSNSAATSQGGFGYQQQ. - - 427
AM_TIA-1 AYGWEWREEIN A SRAMNI€] - - - - - - - - N- - -TSSAAWMGASYGVGNGSVTNTGYRMAGT - 48% 269
CH_TIA-1 AYGWEEW @SN T G \@VNEQ- - - - - - - - | 45% 244
GJ_TIA-1 YYGWEWNEEIN AGMN[] - - - - - - - - N- - -TTSAAWMGASYGVGNGSVTSTGYRMAGT - 49% 260
HS_TIA-1 YYGWEWHEIN AGRMNE§ - - - - - - - - N---TSS-AWMGN-YGVGNGSMN-SGYRVAGYT 48% 266
XL_TIA-1 SYGWEWREE G ASPVNEE- - - - - - - - YST-SSAATWVGN-YGVGNGTTN-TGYRMAGYT 49% 268

B3 S5 H MY R TIA-1 506 [R5 Hxr
BefERAAEMRINELR, KAREXEEGHITWEIR. Al fZ; Gl ZPcEER;
CH: KPU¥Esl; XL: #EMs; HS: 2 A; AM: 2P0V Heia vy,

Fig. 3 Comparison of the amino acid sequence of sea cucumber TIA-1 with TIA-1s from other species

Identical and similar amino acid residues in all the proteins are indicated by black and grey highlights. Gaps are marked by
hyphens. Percent identity of amino acid sequence to sea cucumber TIA-1 is shown at the end. AJ: Apostichopus japonicus;
Gl: Gekko japonicus; CH: Clupea harengus; XL: Xenopus laevis; HS: Homo sapiens; AM: Alligator mississippiensis.
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Fig. 4 Consensus neighbor-joining tree based on the sequences of TIA-1 and TIAR from different species
The tree topology was evaluated by 1000 bootstrap replications and numbers on each branch of the tree represent the bootstrap

support value. The mark ¥ means amino acid sequence of TIA-1 in 4. japonicus. GenBank accession numbers are in brackets.
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Fig. 5 Relative protein expression levels of TIA-1 in intestinal cells of sea cucumber at different temperatures
A: whole cell, B: subcellular. “*” indicates significant differences from the corresponding control values (P<0.05).
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Fig. 6 Subcellular distribution of TIA-1 in cytoplasmic
and nuclear fractions in intestinal cells of sea cucumber in
response to heat shock comparing with the control
A and B: TIA-1 is green fluorescence field; C and D: the phase
is normal light field, and the magnification multiple is 100 times.
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Abstract: In response to environmental stresses, such as heat shock, oxidative stress, and viral infection, arrest of
translation initiation reduces energy-expensive cellular processes and conserves the energy required for the repair
of cellular damage. Untranslated mRNAs that accumulate in these cells move to discrete cytoplasmic foci known
as stress granules (SGs). SGs are characterized by the presence of translational initiation factors such as elF4E,
elF4G, elF4A, elF4B, elF3, elF2, poly(A)-binding protein, and stalled 40S ribosomal units. The best-known pro-
teins integral to SG formation are T-cell intracellular antigen (TIA) proteins, which are considered robust markers
of SGs. The assembly of SGs, one of the most important post-transcriptional mechanisms, helps cells to survive
under adverse environmental conditions. Currently, there is no information on the cell-protective roles of SGs in
marine invertebrates under environmental stress. In the present study, we hypothesized that TIA-1, an
mRNA-binding protein that can aggregate within granules, may play a significant role in the sea cucumber Apos-
tichopus japonicus in response to heat stress. We characterized the amino sequence of A. japonicus TIA-1. The
full-length cDNA of TIA-1 is 3108 bp, comprising a 5'-untranslated region (UTR) of 16 bp, 3'-UTR of 1808 bp,
and open reading frame (ORF) of 1284 bp. The ORF encodes 427 amino acids, with a calculated molecular mass
of 48.07 kD and 6.19 theoretical isoelectric point. Structural analysis showed that 4. japonicus TIA-1 has three
N-terminal RNA-recognition motifs and two C-terminal low-complexity regions, which are related to prion pro-
teins and have the capacity to form reversible aggregates. Phylogenetic analyses revealed that 4. japonicus TIA-1
is closely related to Lingula anatina TIAR. Moreover, we detected whole-cell and subcellular protein expression
levels of TIA-1 by using western blotting. The localization of TIA-1 to subnuclear structures was assessed using
immunofluorescence analysis. The results showed that the expression level of TIA-1 in cytoplasmic fractions un-
der heat stress (25°C) was significantly increased when compared with the control group (15°C). The fluorescence
signals of TIA-1 were observed to be translocated from the nucleus to the cytoplasm in response to heat stress,
which suggests that TIA-1 may be involved in the formation of SGs to protect the stressed intestinal cells of 4.
Jjaponicus under high temperature conditions. We identified a potential novel cytoprotective mechanism in re-
sponse to heat stress in 4. japonicus from the viewpoint of post-transcriptional regulation, which may play an im-
portant role in reducing the translational rates and/or mRNA processing under unfavorable environmental condi-
tions in marine invertebrates.
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