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tha] ki AE L ER A SUBE A (K] 52 (2 K B g /K ER 1L B MR [

EARE, WK, MLAE, DEE, 2EZE, FLFH, BEE
ORI, RN M T A M AR 6 %, LT KM 116023)

E: f 9 P R B % M A8 (LDH) X B 7 7| ok sk HAE, #F % 48 KB 1L i
e N, S H A A cDNACK 3t 3 47 38 (RACE) 3 R 3k 45 o 17 3k v R LDH A H (& 4 A7
SILDH)# & K cDNA, Jf F Wik 7 KB A I3t T, o 8] 2k JE R [/ 41 SASILDH L [ % 3k
% B LDHVE M th B . 4% 51 OSILDH F #cDNA4 K #1499 bp, 44133 bp
By 5'dF g A5 X, 349 bpy3'dk e # X Fnl 017 bpZe #4 3384 & £ B #h 4 14 32 4E (ORF).
SILDH%; % %& & 4 2t 2 F & #3640 ku, % w A K655, BT L5 KHIEH .
BRBEAEA. QEMELEF2H L, SILDHE & F 7| § L2 JELDH X4% & 5 7| —
B R 5 (90.88%). (B3 B 7 ot ¥ B PCR(QRT-PCR) & H, SiLDHZE [ 72 40 | # 450 41 42 o
HH kL, Mt REENGERABERE>E R>>EER; SLDHE KRN T 7, #
kg 2 X LDHYE M A & B & 0 M iR > B> B>, @K BRAALEOdE L, 5
B 4% ¥ K 41 (pH 8.06 £ 0.01)48 th, SILDHZLF e v o sk JEME R . & R fofp s o 2 I 84K
M, ARERTUENMEXpDHE R AR KELEA TN AY, LLDHE EE %
JR R KRR P E IS K pHE R T MR R By s 3, &+ N 2 398 A pHF 1%
ABREKEREFA TGOS, HREW, PHRKEET T EKRAE T EELTREF

SILDH3E i ty % 1 77 LDHE { % % # 98 A 5 10 % R 0y U E B 8«
LR P E RS, ABRRAE; AR EHEKE; EEEK; BEH

FE 43S Q 785; S 968.9

1R B SU ¥ (lactate dehydrogenase, LDH)/&
A W RBE AR TG S I A o R TP R R R e, TR
BFHLE PR (Cori cycle)H AT 4 Ak T U fife 7 A= 1 3,
M2 5 N R R 22 18] B AH B A% 4R, Hi, LDHIR T
FAE N B 7 FAmic © &g iz i H T B=
PN PIRBIASFOUR ., K IR, LDH
BNy A7 K Bl T AR BE ) Y B AR
T, S P KT A2 BT A R AR 4R
s, tetn, BHIFESERR O s, BT
38 T] 5 2 R ATR R 5 L9 U5 X IR (Litopenaeus
vannamed)EEFLA H LDHIE P . 2R EEA#PIESE, I
S a0 AT I 2 R S TP 1R G BB (Eviocheir sinens-
is)ILA T LDHEG G M . B 5y LSRR R, &0

Wi HHE: 2018-08-22  f&EIHHA: 2019-01-11

SEARERE: A

09 = pH P 38 25 48 0 [C )R S MR (Procambarus
clarkii) LDHRG & PETF & . SR, METWELY
S5 SE R A S W LDHI BEFY ¥V A W) LDHAY BF
A=, BB,

1 7K BR 1k (seawater acidification), M FRIEEVE
12 1k (ocean acidification, OA), F8iE/KE &£ T id
It (1 Z AR (CO,) MR T -5 ZHOH: 2 6 8 (pHH)
TR, KEMR SR, EERKBRIEAATLL
SR AV AT E RS R SRS,
WU g AR W 1 5t A% R S s R R BE AL T Y, B
RigFE A2 HEEY, B2 5 =342\ FEEY K
KAFFAEE HELRY WALZEIM, KK
TR VE TR A0 0 75 B 28 Lb I A S A8 L 0 1) 285 SR T Ry
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1424 KopE o R 43 3%

FrEN, R RIS RN, KRR
7K pHAE R A T S S50 55 ™ B8 R B4 1 45 SR 2 il
MK Y [COS™ TR BEREAR, 5 | B2 ¥ 3 rh B R 6 1Y)
AW, OB 52 2 A CaCOy B 4 (b5t B A=
Y5 Ak 328 & (calcification) (9 ¥ P A4 9™, £ 4% 338
HUEE AR O B BRI
IR, AT & 30 7K i Ak 380 0 2 5078 Vg 9 A
Y1 BE 5= WS (energy budget)'™, ECEVEA: YK
AT AR LSS IE 5 A B 2 0 &8 41 fig
a, H TP K pHT BT 51 RS 44 1 R i R
i, WASFEBOFTEAYERKEEZE ML
R I A 5 A A TG Q) 2 i v AR W g
I TR AL AR E R OCE IR YT, AR R
~, B HIK TR CO o R BIARWTHE K, oK iy
X HE AR ESZWEMN. R ER,
JKpHAE T FE0.250 A7, ¥ VE AR 1) A 46 S8 RN S 4
RE IR o W BRAN, XEWE, MIEFERAT R
AT A I 3 2 B IR 0 A A I D A R A AR
A C E AN TR AL s pe e L ) P, &
FOHLACH R AR, T e e RN
IS o, KR A AT I i e B (Amphiu-
ra filiformis){) fill FHE4= 43 H R B TR K
iR 1k oo 2 PR AR e B AR S 5 TE AR
R LDHIE AR X Fe ik i, BRI e 2 7F i 5 15
A= 1 18] /) 1€ 18 2R (resting metabolic rate, RMR) X fig
T4, REOLERCA L WA E A4 DL
13 i F-AE — g B[R] P 7243 B AR SR, LA
TR A= W LDH 53 Wi B TR K TR AL BE 9, H AT
AL E

r [6] BV IH (Strongylocentrotus intermedius),
MRS B ZEUE A, 5 T H AL I 1A AR S
Wi AR A b U IR, 19894F Hy K34 g v R 2= (R
KB H HARGIA, MELEILT . IR
HE R T — 2 M N TR GE AR, S T [ 8 2 Y
PR FRAE R SET, Sy B b R sk IELDH
I A 9 S ik R AR, WF T R A L G 1Y
B0V K TR A6 38 i e B, A 28 R HI cDNA
AR Ui PR 14 (RACE) AR B AR A o 1] 35k it i
LDHFEH (i 4 M SiLDH) ) 4 K cDNAJF 41, Fis
T KRRIAET, Th BRI R 2LSILDH
S Ik KB LDHAY I PEAE AR TG O, DI MR A
F 5 16 2B ) 0T 2R R T B 5 28 ) e o AT 1
R A R M 7K TR AR S5 AF R R Ml vl FT A 2 R 4
2%,
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U bR i

1.1 SCIg#t R

S2HG FH v T ko IR [ K R IR R
Y, BEMLEEE120 AR . I B4 0 R 7
PI5E45(4.840.1) em, V-3 55 (55.27+3.56) g],
TR 3 g P R A AR A b T T K B 3R 5
SR EY R RIE . RN pH8.13+
0.03, #HAE31.16+0.24, /KR (20£0.5) °C, &
fift S S s B AR R G (Saccharina ja-
ponica), M2 AT 4R K 1K,

Wi . R MR A 0 A
WIS PR T R e B . B ERRE 8 . R
VL B AL IR, I, ARSLEE
MUFIE T X 4Fh 4 21 h LDHA> F A9 AH X 26 35 B
DL R A A 6 P (R S M) K o ELR 4R U
oo BEREERE . TS A0 ki A3 B PR
JF B (54.56+3.31) g], T ok b0 4R BOH A B ¥
TR ERAAHL, Mirtridis, — R
BHEHAF T80 °CUKAE, H T S LDHG I 4%
E; H—Hlsr R TRNAlater(Ambion, 3 [E)
W, T4 CV-ff— %51 T80 °Cuk4f, HI
F SiLDHFE R [ v [ 12 20 3 a8 B AL A )

1.2 JBKERILALIE

F IS SCIR 181/ 7 vk il 45 S0 ity TR AL THF
Ko HEHRA B BURM R] 28 1 % 1122 B 23 (Interg-
overnmental Panel on Climate Change, IPCC)Xf 4>
BRI JZ 17K 21004FF- 4 pHA FTI 1, 525633
BT A AR K AL BRAD A3 TRAL B 4L, 4y
J9OA(ApH=—-0.3). OA,(ApH=—0.4). OA;(ApH=
—0.5), HAEEHBEINFATH, A PATAH
10 R H . SEs i, A HpHIT (HI9124,
HANNA, ERF)FIKEAL(YSI6920, YSI, 3
] ) S Hsf M 00 4% 5 56 2 VK B pHL L 3k BE ORI
JLBE E (total alkalinity, TAMK 2 % SCHik [20]4
IR B pHIH & E AT AE o 13 I SWCO 11 (http:/
neon.otago.ac.nz/research/mfc/people/keith _hunter/sof
tware/software.htm/), #R 35 E e KpH.
JE RS R R T B A L pC O, S I ]
H20170615—20170813, 55260 d, 5250 3 i) 4%
S K SRR R o LRI, AR
MROEEA LU, R R HOK N MUK 1/2, 2K
BRI, Bk iR B 5 005 sk
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6 10 FEARIE, S5 i (A) SR N 7L R 00 S il TR o B R R X e /K TR Ak 1 ) 3 1425
*1 ZWHEIEKESH
Tab.1 Seawater parameters during the experiment
SEH IEEC R PR T SIS /(umol/kg) ZARAGTRAC FE /patm
group temperature salinity pH AT pCO,
X control 2042 31.26+0.09 8.10+£0.03 2367.63+10.18 526.22+21.41
OA, 2042 31.2840.12 7.82+0.03 2 362.58+20.04 1 058.92+72.42
OA, 20+2 31.30+0.11 7.68+0.03 2 366.42+18.37 1 566.05+62.70
OA; 2042 31.36+0.10 7.55+0.04 2372.33£19.51 2 125.14+94.44

G K pHIY IR B0 3l , oK i J5 75 #5171 K =
Bk, R KSR S IR R
SCRZE T, KA S50 4 v () BR 1A AR 2K

48 WA HEZ il . RS- A7 4 BE AL s H A ]
BRI, FoKk LR, ol . &
FE PR RRRN A AL ZURE A o K T AR AR Y A b 41 21
FE G OE 00 28 4y, —ER kR B AR A T
—80 °CYk4fi, JH T M LDHEGE MW AE ; 55—
FE 5 FE T RNAlater(Ambion, 2% EN)EW T, T4°C
A — 5 A T80 °Cuk 4, H T4 4l SiLDHKE
) £ 2R TR R A

1.3 rhE| Bk RE SILDHE: & #  fE

K ERNASE BUATR & M, b)) Jf-4& If
T B A5 i 42 7 3k B B e [) R0 AR s 8 v A A
RNA. VR EE A 1% B W J5¢ Fi K Az B RN A
M) SERE, R R 4l B A (AB, 5% )i
RNA M) He B K 4, 5'RACE M 3'RACERY [ #%
%2 B Smarter RACE cDNAIR 7 & (Clontech, 3
FED U A5k 47, HEMakAS 5 2E FHLAS'/3'RACE
Y cDNARSAR o 2 4f H 1) BR v JE 2 3% 4 SC 3R 45
SiLDHFE N ¥t 7 BE A s et I ), &3t
5'/3'RACE R0 Fr BE i BE R M5 1 0 (3R.2)
5'RACE PCR¥" #4115 RACE cDNA NHiHR, UPM
FILDH-5-out iy 5| #1755 136 PCRY 4 . 5148
PR B 1015 )5, HINUPS LDH-5-iniE 4745
2% PCRY" 1, 3'RACE PCRY 141 3'RACE cDNA
Sk, UPMMILDH-3-outh 51 ¥ #4745 1% PCR
Py, SERY YRR 10655, HINUPSLDH-
3-iniF AT EE 25 PCRY I i FH LaTaqid il & (F
AWy, KIE)TEMPCRIYY 1, 10 LK R : cDNA
0.5uL, L TFIF514450.4 uL, LaTaq 0.2 pL, 10x
LA PCR Buffer II'1 uL, dNTP Mixture 0.8 pL,
ddH,0 6.7 uL; PCRJZ M 5514 : 94 °CHiAE M S min;
94°C30s, 55~62°C30s, 72°C60s, 354§
R, 72°C 10 min, H[A]ERIEAHSILDHFIL R B0 A

BIPCRI AR R K45 R) 15 PCRy™ ¥4 Bl b
EEC PRI S, DIEBCH P40, e IR A
X DNAJKE PG & (CE TAY TR, Lif);
SR G H B PCR= ¥ S5 pEASY -T1 oo P& 2k 1k
(&4, dbnD)iE#E, A3 Trans]-T1ME R AT
PERNERZ S @4, JLa)d; mEEfe)Em
AT SN A 5 0.1%%, 5 & E LBk A5
FREE, 3T °CREWREFEI WG, WPk, F37°CH
BA TR FE12 h, BREUCR— B V% 2 LB A8 77 3L
MRSy ORI R O LI IR TR O AR, T
1L R V5 PCRIG VE FH M e e, X A4 TAEY TR
WA BRA A HEAT IR o B 519 (B 51 4)
4348 F Primer Premier 5.0k 4% 1t .

1.4 hETKEESILDHEEFHHNEYE RS
S

FIHIDNAMAN 6.0%1 {4 % 2R A% 1 v 1] 35K i /1
SiLDHAE PR 143 35 F1 5 S B4 1 51 5 4% 0 - BEFF 31
PEATPHELALRE , A B SiILDHFAE N ) 4 K cDNA
JF4 . B SENCBIM ¥, | HIBLAST(BLASTX,
http://blast.ncbi.nlm.nih.gov/Blast.cgi)i#t 17 SiL DH3%E
PRI 18 B G i s B8 1 2 35 2 I 1) a4 R AL
43 ¥7; f# FHORF Finder(http://www.ncbi.nlm.nih.
gov/orffinder) 3K /4 i /& SiL DHFE R 1) T 55 3] {2 4E
(Open reading frame, ORF); F|HEXPASY Prote-
omics Server(http://www.expasy.org) ¥ 4%} SiLDH
FE DR G 5 00 2 1 90 AT BRARE B A A s R
SMART (http://smart.embl-heidelberg.de/) FIPSIRED
v3.3(http://bioinf.cs.ucl.ac.uk/psipred/) £ 7
SiLDHZE F1 5t A9 45 4 30 — 2 46544 5 1| FHSWISS-
MODEL(https:/swissmodel.expasy.org/) it ill] /7 [i1] Bk
¥ 10 SILDHAR [ BT Y = 44514 ; )i FIDNAMAN
6.0%8K 1'%} SILDHAE R 4 it i) B KL R e ) i#E 4T 2 5
JEHIHEXE s FIFIMEGA 7.0, 3T 468 %
(neighbor-joining, NJ)F4 & 18F) Ak ) i) LDHZ JE
B2 Y5 1 2R GE kAL o

http://www.scxuebao.cn
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#*2 PCR3|#F75
Tab.2 Primers used in this study

GlE/EZ S FFHI(5"-3") Hiz
primer name sequence(5'-3") usage
LDH-3-out TGGTCATCAACAACAGTAGCAGGAG 3'RACE
LDH-3-in TTGAATACCAAAGAACAGGCACA 3'RACE
LDH-5-out GGCAAGCCGCTCAGTTTCCA 5'RACE
LDH-5-in CCAGGGCTATCTCACTCGCAAT 5'RACE
Universal Primer Mix(UPM) CTAATACGACTCACTATAGGGCAAGCAGTGGTAACAACGCAGAGT RACE
Nested Universal Primer Mix(NUP) CTAATACGACTCACTATAGGGC RACE
LDH-3 ACTGCCCCTGGAAGAGTGTGCCGTCT [
LDH-5 AGGGGAATGGAGCTACTTTGCTTGTG [
LDH-F ATGCAGCACGGTCAAGCCTTC qPCR
LDH-R GGACTGTAGCGCACGAGATTGG qPCR
Actin-F ACAGGGAAAAGATGGCACAGA qPCR
Actin-R AGAGGCGTAGAGGGAAAGCAC qPCR
M13-F TGTAAAACGACGGCCAGT VA PCR
MI13-R CAGGAAACAGCTATGACC HTEPCR

1.5 qRT-PCRi#& N 5 (8] £k 5 BE SiL D HES (X #Y
X RIE M

e ] 35K v I 2% A 20 ZURE S RN AR $2 B0
P, RNATEREME | 2l ROk EMRE kS -
RS AT, {# FPrimeScript RT Enzyme Mix 1)
SRR R (Y, KiE), WA G
JSLcDNASE — i (S W AR TR B 4502 BRI B 261 7).
DL B-actin(#2) NS I, FIH ABI 750098 6 5E
i PCRIL(ABI, 3[H), SYBR® Premix ExTaq ™
I Kit(FEY, Ki%)i#17 L0 2 EPCR, 20 uL
A Z 5 A 2xSYBR® Premix Ex Taq™ 1110 ulL,
1EJZ 151 4450.8 uL(10 umol/L), ROX Reference
Dyell 0.4 uL, ¢cDNABIH2 uL, ddH,0 6 uL. %
S FEPCRI N 45 A 1:95 °C 30 s; 95 °C
5s, 60°C30s, 40MEM; SNy 5 4T 4 e il
Lobr, VIHEBRAERE S 005 e o RV 2%
f£: 95°C15s, 60°C 1 min, 95°C15s, 60°C15s,
K 2 AACT 1 SiLDHEE H H AR R 2855 4

1.6 EIkERELELE S LDHESE MM E

1.0 gH VR S 2 A S J5, R E () ¢
RFL(mL)=1 : 9fY LI A 25 fih g 1k ) 4% 10 C
B VK (A ORE SR B LR B AT, 2 i A Rl

http://www.scxuebao.cn

E 2 7w | o s 125 o2 iU s o 6 7 20 TR 8 8
(4 °C, 2500 r/min)10 min/5 E I 15 . FLR
i B (LDH) TG P 3 3 1 I R 249 2R g ot
Y TR T A= iR &, i )
UL AR . R Epochfif A1 {Y (Biotek,
5 [y 2 S50 Ve ) e G B

1.7 BIES
S E LA P E PR E 22 (meantSD)R 27 o
K FiExcel 201641 0rigin 8.0 17 £ 5 5% FH I &

22, R SPSS 22.0 4 i 45 F h Bodis 347 50 1
2000, I 7 22 (One-Way ANVOA)ZE 4 Duncant

ZH BRI T 22 5 WA, 225 A MK
BB A P<0.05, 22 5 M 0 3 MoK P 15 P<0.01
2 4

2.1 HEFKERBIA R S ESILDHE F £
cDNAFF P HREER

FIFHRACER AR A A5 v (8] 35k g 0 SiLDHEE A
) cDNA ¥ 51 (GenBank# 5% 5 : MH748033)& &
H1499bp, HEINKENT 017 bp, Hifih3384
FILTR B T BRI EAE , 1K A 133 bpfl 5' 4 2
X (5S'UTR) A B 24 349 bp iy 373k 4 it IX.
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6 1Y) FEARIE, A vl () Rk v I 7L Tt S Ttk PR e A X R0 i K R Ak F 1427

(3'UTR); EIAHEI T (ATG: T 5 A %5134 bp
ih, 2T (TAG) M TP A aI 451 151 bpht
(El1); fAYMEB#a &8, SILDHZ /Y
Wi h364ku, HHSAFEHLN6.55; fii HHISMART
FINCBIfR ¥ 3848 & #0444, SiLDHER 1) g
IR P A 45081, K& BLSILDHAY & HL 2 7 51
FALDH 1 N5 FILDH 1 CZ5fi,; —%

SEF TINS5 R B R, SILDHZE 1340 5 9 o- 12
BE . 129 B-Hr S AN 224 TR il (&1 2) ;. LAEL A
79/ ELLDH(PDB% 5t 5 4ajd. 1. A) B AR, [w] J5 2
MEFIU 7= A= SILDHER FH J5E 1) — 24 45 P 455 7 15 55 A
Z ] B —E M 8 59.04%(1813) s i — L A W s
MR, SILDH#E HJE TIEE I . s
KE A BTG RAEES, Es, K6,

ACTCTCCGATACACTGCCCCTGGAAGAGTGTGCCGTCTCCGAGAGTATACCTAGCAGATTCTGACATTCGGATGGTTTATTATTGCTAGA
CCAATTTTCGAGCTCGAGTTTTTTGGAGAACTGCAGAAACAAG|ATGJACGGCCATCACCAGTAAACTGATGGATATGGTCGTTGACCATCT
M _T A 1 T S K L M D M V V D H L
GGACGACAGCTCTCCGACCAAAGTGACTATTGTTGGTGTCGGACAAGTGGGCATGGCTTGCGCCTATAGCATTATGACACAGAATATTGC
D D S S P T K V T 1 V G V G O V G M A C A Y S 1 M T O N 1 A
GAGTGAGATAGCCCTGGTAGATGTGATTGCTGATAAATTAAAAGGCGAGGTTTATGACATGCAGCACGGGCAAGCTTTCGTCAAGGGCTG
S E I A L VvV D V 1 A D K [ K G E V Y D M O H G QO A F V K G C
CTCAGTCAAAGGAGATACAGATTACAAAGTAACCGCTGGATCTAGACTATGTATCCTGACTGCTGGAGCCAGGCAGAGAGAGGGAGAAAG
S VvV K G D T D Y K V T A G S R L ¢ 1 L T A G A R O R E G E S
CAGACTTAATCTCGTACAAAGAAATGTCAAAATATTTGAAGGTATTGTTCCCAATCTAGTGCGCTACAGTCCAAACACGGTTCTTCTGGT
R _L N L VvV O R N V K I F E G 1 VvV P N L V R Y S P N T V L L V
CGTCTCTAATCCTGTTGATATTCTCACATACGTTGCATGGAAACTGAGCGGCTTGCCAGCAAACAGGGTCATTGGTGCAGGGACCAACTT
v S N P V D 1 L T Y VvV A W K L S G L P A N R V I G A G T N L
GGACACAGCACGCTTTCGTTTCCTCCTCGGAGAAAAGTTAGGGATAGCGCCCTCTAGTGTCCATGGGTACATCATCGGGGAGCATGGTGA
D T A R F R F L L G E K L G 1 A P S S V H G Yy 1 1 G E H G D
TTCAAGTGTGGCTGTGTGGTCATCAACAACAGTAGCAGGAGTGAGCCTTCAGCATCTCGACCCTCAGATAGGCACTGCCAAGGATCCTGA
S S vV A V W S S T T V A G V S 1L O H L D P O I G T A K D P E
GAATATGCACCAAGTTCATCAAGAAGTCATAGACAGTGCATATGAGATCATCAAACTGAAAGGCTATACATCATGGGCCATTGGACTGAG
N M H O VvV H O E V 1 D S A Yy E 1T T K T K G Y T S W A 1 G L S
CTGTGCAACGCTTGCTTCAGCAGTGCTGAGGAACCAGAAGGGAGTCTATGCCGTTTCTACCGTCGCCAGAGGATACCATGGTATTGAACA
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Fig. 1 Nucleotide sequence and deduced amino acid sequence of SiLDH gene in S. intermedius

The letter in the 5'UTR box is the starting codon (ATG), the asterisk (*) indicates the terminating codon (TAA); the underline represents the amino acid

sequence encoded by the SILDH protein; the green region represents the Ldh_1_N domain, the amino acid sequence spacer (22-161); the yellow region

shows the Ldh_1_C domain, the amino acid sequence spacer (164-324); the purple area (ATTTA) is the unstable factor in 3’'UTR
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Fig.2 Secondary structure prediction and comparison of lactate dehydrogenase (LDH) between

S. intermedius and other three echinoderms

(a)predicted secondary structure of SILDH in S. intermedius; (b)LDH secondary structure comparison among S. intermedius, S. purpuratus, 4. japonicus

and A. planci. The black line, the yellow arrow and the pink cylinder represent coils, strands and helices, respectively
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Fig. 3 3D structure prediction of lactate dehydrogenase
(SiLDH) in S. intermedius

(a)predicted 3D structure of SiLDH in S. intermedius; (b)3D structure
template from lactate dehydrogenase (chain A) in Mus musculus;
(c)predicted tetramer composition of SiLDH in S. intermedius, HB.
hydrogen bond, SB. salt bridge, HS. hydrophobic structure
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Fig. 4 Transmembrane structure analysis of
SiLDH in S. intermedius

In this figure, the abscissa indicates the position of the amino acid, the

same below as Fig.5 and Fig.6
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Fig. 7 Multiple sequence alignments of LDH from S. intermedius and other 17 species
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Fig. 8 Neighbor-joining phylogenetic tree of the lactate dehydrogenase (SiLDH) from S. intermedius and
the lactate dehydrogenase (LDH) of other 17 species

The lactate dehydrogenase (SILDH) of S. intermedius was marked with “A”, and the number on the tree nodes indicate the percentage after
1 000 replicates; vertebrates include LDH A (brown), LDH B ( green) and LDH C (yellow), invertebrates are LDH X (purple)
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Fig. 9 SiLDH gene expression level and total LDH activity in different tissues of S. intermedius

(a)the expression level of SiILDH gene in tested tissues of S. intermedius, (b)the total LDH activity in tested tissues of S. intermedius; 1. coelomic fluid, 2.

tubefoot, 3. gonad, 4. intestines. Different letters indicate significant difference (P<0.05)
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Identification and characterization of LDH gene and its response to seawater
acidification in the sea urchin (Strongylocentrotus intermedius)

CUI Dongyao, REN Liyuan, XING Dongfei, SUN Jingxian,
LI Yingying, CHANG Yaqing, ZHAN Yaoyao

(Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea,
Ministry of Agriculture and Rural Affairs, Dalian Ocean University, Dalian 116023, China)

Abstract: In order to identify and characterize the lactate dehydrogenase (LDH) gene and investigate its
expression and activity alterations in response to seawater acidification stress in sea urchins, we used database data
mining and rapid amplification of cDNA ends (RACE) to identify a novel LDH gene in the sea urchin
Strongylocentrotus intermedius (here designated SiLDH). The full-length cDNA of SiLDH was 1 499 bp, including
a 1 017 bp open reading frame encoding 338 amino acid residues. Sequence analysis indicated that the predicted
SiLDH protein was similar to the LDH homolog in the sea urchin S. purpuratus. Quantitative real-time PCR
analysis showed that SiLDH was ubiquitously expressed in coelomic fluid, gonad, tube foot and intestine of
healthy adult S. intermedius, with the highest level of expression identified in the gonad. Total LDH enzyme
activity in different tissues of S. intermedius from high to low was as gonad > tubefoot > coelomic fluid >
intestine. Both SiLDH mRNA expression profiles and total LDH enzyme activity were altered in the coelomic
fluid, gonad, tube foot and intestine after 60-day seawater acidification treatments (Control: natural seawater; OA;:
pH=-0.3; OA,: pH=-0.4; OA;: pH=-0.5). Our results provide more information about the characteristics and
biological functions of the LDH homolog in sea urchins.
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