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R RIS E R ferritin EE M F 5 9t RRIE

mEE, ARERT, HAH, £ A, &, EXT,
Boofr, kBE, T &

LT BRI , L T8 K= 0 AR B e =, 10T K 116023)

WE: B 27 5 cDNA X E k54 & 842K cDNA 57|, %3 HF7 2K 792 bp,5'-
Fe#F XK 133 bp, JF B AR AEK 522 bp, %545 173 AR F 8 ,3'-UTR K 137 bp; Tl & & %
FEN 20 ku, 5'-UTR A — g Bk F Wk & T AT, R 5 ferritin 2 8 77 &
& A B 4y ferritin By T4k A EEEU T OB ANGRFTEN, ZFF 5HESWERERS,
k8% , SHUET KMo tn g E Y EE Kk NRT A RBREIREN 4% ~
34% ; 5 H A s 4y ferritin B T AR FEM G THERETE, FHAHAMINTEA, GTRHEH
ferritin 5 K # 5 T A MR N — % A A+ 2 & RT-PCR & , ferritin mRNA £ 7 % 5 %
RN TR L] FEH R NERG R P ER R KRF RS AR Sk
I FHE SN ANARENEMYG S NERE REDR. 7E AR dH xR
Quantitative real-time PCR # & § 7< ,ferritin mRNA £ X Z W EE R X EK, NN EF R
PYRERSRAERZN T EH SN TR AR, ferriin mRNA R A 0 £A E R F
KT H M3 M4 L ;4 5k 57 LPS 5,4 Fr Al R ferritin mRNA kA EH5E /W LR E = 7.

QA (R 5; BE Y ferritin £ ; F 55 EE &k LPS HlH

hESZES: Q786; S917

TEAE WA LA Bt 4 A BT 7 9 134
IR Z —, A is ki [DNA & il A H e h
Tk DA A 02 0 0 58 2 A R AR S Bk
RYThRERDIARC Y o AR, M p B o Bt v 4%
SEGEE R DNA 1SS E , AT i AL
ARG FIBETS > o DRI, A 0 R P 4T 1 X 4 45
AR H AR R 3 . SR
(ferritin) J& ) I A7 1L T S 4y A A A 0 A P
g — Bk A7 AR LR 1, B R R R A
AEFFHUAPT i h R B EEAER Y gl
AT LARHAEAILAR P B i T Bk sl ™ A kb 2 O
SHYPOLREA R AR MR T S —T5
T, & AT LB 1k B SA A A rp T AR Y A B
Km0 A kAR R A0 SR R
I ST ) — Fh 3 3, FEDLIA S e b e 5 —

15 H #:2010-01 - 04 &5 A #9:2010-03-18

SCHRFRIRAD : A

EMERC

PREE AR EAE P AR SR, S A AN
T W) b i ferritin FF 2 1 & MAAH [A] i) AH 5k
(progenitor ) H Ak i 24 o {HL £ 6 I8 75 L fl
A BERAE TEMFLS Y, R R A
AR R R TE % S5 J5 1 T4 mRNA | 2R R 4%
# [ (iorn-regulatory proteins, IRP) A4k J2 i TG4
(iron-responsive element, IRE ) £ 5. /F F A9 2 4K #i
PR AT o 22 20 P Bk B R T AR
IRP/IRE 55, BH IR 1 A0 5 5 Sk B 1k
T, IRP/IRE 25520, AT 6 25 1 R0 n
KAl AR, TEARY) R UK N, ferritin
DRl 22 IR 428 2 A e sk

17412 (Apostichopus japonicus ) 3 J& T W KL
111 ( Echinodermata) , % Z:4% ( Holothuroidea )

FENIR : {5 A AREIE BT H (30972272) s 5 N = B EORBTSE R SRR (2000 AA10A411 ) 5 B TR A 22 MEAT L RHT &

11 (200705007 ) 3 iL TA BRI (2008203002 )
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R B )@ b b 5 F sh W, TG HE Sl 1) e &
M, AL T T HESh W a1 B HE S W T IR 4 Sk
TERIBTBL . PRI, R Bl 4 0 T 5 6k PR 2 Ik i 4k
MEFHME, it 2REREGES PR EE
LTERN S, AAUE FR B, T HL 25 (e
17, B2 e A 3R E A 5 b X HE 2 1 TR K 3G 5
B o A ST T2 ferritin BRI B A K
cDNA J741, JF 5 Z R EAZE W) P Y ferritin BN
AT IR IRTE L35, A i 5 i 5 R ) kA6 RN T E 42
B2 W5 ferritin FERTE RIS NG K A A
K& B AR Be Mg S AN R 2 1 3Rk
X4 B B 22 B (lipopolysaccharide , LPS ) 444 Il 18k
IS, Rtk — 25 WF 92 3% 3 R 0 il 2R 3 i X
A BRI A s DL SR AR

L MRS IE

1.1 #r#

RS R 5 R SR S G SR T K&
RE I, T THEFEAK RN RN LE
R R TR SR, Btk ARy 5 m’
FEMAIE] PR 15 78, B I K Ry 0 R K, KR
16 ~18 C,2hJ# 32, pH 7.8,
1.2 7

1% R A& ferritin X B F 5| 5 3 3 A A
i 2 cDNA SCHE"™ 3R A3 ferriin $&H 4 K
cDNA J33 ¥ B i LR )7 91, K signalP
3.0 AT A5 5 KR AT g ) B Y04 5 (http: //
dk/services/SignalP/) . RNA
structure 5. 0 {4 #i ] mRNA — 2% 454, H
NCBI 1) BLASTp ( http: // blast. ncbi. nlm. nih.
gov/ ) X ¢ 3 AT [l 4G 2R, BBOAN [m] 43 26 b 452 )
Fh ferritin 243512 41, i ClustalX 1. 83 {45
P52 ferritin Z W2 7 51 47 R PE H X 23 4
J MEGA 3.1 f#:Fl 22 &R

5 R 55 90 FAF AR AR 3 I SRR 25
FREANZ 700, A 700 HE R R S (P A E
336.0 g) 73l BT AR BR AR N, 1% LU REAS 1
IR A AT N LHhG . ¥ 325 IR A B it it
FIWEAk , B 1 JL A5 R 3% OKIR 20 ~ 21 C 4k
J£32, pH 7.8) . fifiIZIIGEAEFA R E A
(IR, 4 AR 2 AR IR 325 O L 22 A M0 VA
(ESERENE AR S i 30 L/ NERAR G4 v Bk
AR KEAR G 1A A ALK | fih T4 1A R AE 2

www. cbs. dtu.

(AT mm Z247) , 435000 300 HFf 48 UREE T 1.5
mL BLOAE N, B BO EBRZARIEK  BABA
HEE R, T —80 CUkAff-AE .

LPS # # e Fefis fil 2 4 2 (P K&
10.2 g) f3R TK RN, 2 d Z WA B AT AT 18
BT TE N B SR 1 pe/ul 1
LPS(Sigma)500 pL,16 h J5 55 R 5, X HR4H
TEST 500 pL i 8 (0. 22 pum PR K, 55 —IK
TSt 4 h J5 A D MgSO, BRI , 3o Uk K vhvk e
SEUACRE PR 240 L i 3 R AR, 25 b 4 44 33
I3 AAMAMIR G, EHHT RNA 421,

% RNA 423¢  JJ UNIQ - 10 ¥ i RNA #h
$E150) £ (Sangon ) 25 2 AN [R] & 7 B B A
ARV 2L S RNA, HL KRG T RNA (1% 56 8% 1
JH Implen NanoPhotometer #% fig & H 43 #r 4 ( 1%
[ ) A RNA [ 4l B Flk B

B %53 PCR(RT-PCR) RS i
RNA 900 ng ff] PrimeScript’™™ RT reagent Kit
(TaKaRa) #E47 e 53, SO AAFR K 5 o A% -4 B
UL BT . UG SIS P W R 30 A e T —
80 CUkFATRATE

%M Primer Premier 5. 0 #4154, Fer-
F. 5'-CGATGATGTCGCCCTTCC-3’, Fer-R: 5'-
AGCCGTGATGTCCTTGAGC-3', § 14 J B K &
133 bp, 514 th Ki% TaKaRa YA &, RN
0%k 94 CHIASKE 5 min;94 CAHE 30 5,55 C
Bk 40 5,72 CHEA 40 5,30 MEFF ;72 C 1E 7
min;4 CZ L, PCR =4 1. 0% B bl e
JBCHL Tk , EB e 5, &8 e L% 23 B & 48 (UVP
BioImaging Systerms ) £l ,

% £ % ¥ PCR
PCR % | SYBR Green I #: %} ¥ ( SYBR
PrimeScript™ RT-PCR Kitll, TaKaRa ) ,7£ Mx3000p™
HGE R PCR {Y (Stratagene , La Jolla, CA,USA) |
JETT. R BL20 w245 10 pL 2 x SYBR
Green Master mix 2% 1} , ROX Reference Dyell 0. 4
uL,1 pL cDNA BEf, 3 1#1% 0.4 pmol/L, 5| #1/F51
] o NZRH] Oyt b 5K 5197505350 R CytF:
5'-TGAGCCGCAACAGTAATC-3', CytR: 5'-AAGG-
GAAAAGGAAGTGAAAG-3', 2 W & .95 C,
30 ;95 °C 255,55 C 255,72 C 25 5,40 MEHF. F
F 272 2T ferritin mRNA A ik,

BV RIEEDRERE 3 AT R

Quantitative real-time



712 7K

Y,
&

Eibd 34 3%

BT EANX Fak EmIE AR ZE . XL 2
AT R E TR (r K5, BA5IX[E) 95% , P <
0.05\ Wit HA BEEER,

2 AR50

2.1 {5#% ferritin B F cDNA FF 5| 534
MILATE T 7] 2 cDNA SCPE 5 3|
B ferritin cDNA 41 792 bp, JF 5 7] 132 4E ( open
reading frame, ORF) | 522 bp, 4@ 4% 173 4~ & Ik
R, WA o> i 20 ku, SRR (5'-
untranslated region, UTR ) K 133 bp, 3’-UTR K

137 bp, Jf 1E PolyA R b i f7 76 hl B {5 5
“AATAAA” (K 1), JPHIhAEAESE — DIBTEM
N - HAL A 5 “N-Q-S” ([’ 1), #I ] SignalP
3. OB 43 BT, 7EH: N R i A & BUE S T 91

{i#1|2 ferritin cDNA 1) 5'-UTR E5 —1 5
JELRSFIY IRE, 7 53 B R B R B = (1 2) o AR
ZY R IRE — g 451 484 “ CAGUGN” B Fl—
AR Y < CT BUSER AR, A SCR AT RNA
structure 5. 0 ZRAETIN A5 H 2 ferritin mRNA —
RAWEA FIRFER (B 3)

61
121

181

17
241

37
301

57
361

T
421

97
481
117
541
137
601
157
661
721
781

gzzgactactacatacaggacaagacatttgttt gzzctttegcagt gaczaaaccagac
aaacttgccgecaaaatt ccatcaaatattectactcticgtgtgatattittegeccaaaa
aagaaacatcaagatgcagccaagccaagt ccgocagaact teccatgagttgtgtgagzc

¥aP 3@ VRER@NTFHETLTIDCE A
cggagtgaacaagcaaat caactcggagttgtat goet tectacacct atcattecat cge
¥V N E@INZSETLTYAGSYTTYHGSTI A
cttctactttgaccgegatgatgt cgecctt oot ggageccacaagt acttcaagaagea
FYFDERDIDVALPGAHETT FEEKQQ
gtctgaggaagaacgtgaacatgoccgagaaactgatgaagtticagaaccagcgagg tgg
s EEEREUHAEEKETLINET FQ®@Q@UNOG@ETGG
tcgegtgaagc tcaaggacat cacggctccagaaaag saagaat ggg gcagcctgct gga
EV¥YV ELEDTITAPEIETETE®WG S L L D
tgctttcaaggtegoctt ggaact ggaaaagaag stgaaccagagtctgttgzacct cca
&8 F EV AL EL E EKE E ¥V L L DL H
cggtctggcagactccaagaaggacgegcagatgtgecgacttcategagacccactacct
L A DS EKEZEKETDAG@NCDTFTIZETHTYL
gacggaacagg tggaggccat caaggagatcggt gaccacatcaccaatctgaagcgcgt
TE®Q@ V E AT EKEZETIOGDHTITUNTLETRYV
cgzcaccggectgggcgaatt cat ctacgat aag gag aacctgaagg aggat taagaccc
T &L GGEF I YD EEUNTLEZETD *
agacctccctocggatgeccgtzgaacegtcgzact act tccttaggaaag Agaz
acattttaaaacattticgaaaacaaaatct aggcaccgat gaaaaaaaaaaaaaaaaaa
AAAAAAaAAAAA

B 1 {i%S ferritin cDNA 73| RS HHM BT T

TRIZIY :5-UTR H i) IRE FP5ll5 BHRZERI - IR0 N - FERALOLA AERR A R AR5 .

Underlined ; IRE sequence; Shaded:potential N-glycosylation site; Framed :the polyadenylation signal.

RIZ (Apostichopus japonicus) : TG
¥%5 (Holothuria glaberrima) © JUTG
W& (Asterias forbesi) - TGT.ele
45 (Crassostrea gigas) GF1 = LICT
SCEAA (Branchiostoma belcheri tsingtaunese) - AC
W4 (Danio rerio) : ACC
AFHC : JCcC
KB (Mus musculus) FHC : ECC

FEMITE (Xenopus tropicalis) FHC :

Fig.1 Nudeotide and deduced amino acid sequences of

ferritin cDNA of A. japonicus

B2 JL4%7 IRE fF 589t X
Fig.2 IREs alignment of several different species
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A -8 P -
I}’ & k4 d‘? 4% 4 & r\g
* & # L ¢ ¢
g-g, B Do AT
£2% .§ = Qo
A=y §- g TG
bﬂ“ Amp =4 Tt
1 { ¢ | < |
fae i F 7
= = S =
e e e
3 o= Pond Tt
pans 3= e r i
i ot i 1
P Y 5 N =Gy s 3
Apostichopus  oyster DF1  amphioxus human-H
japonicus

3 A% IRE g9 Z R ST
Fig.3 Predicted IRE secondary structure of

several different species

2.2 RS ferritin S E BT 5 K EIR %2

R BLASTp 773, ¥4 ferritin Z LRI 71
GenBank Hr kA7 [Al IR MER R, K B ¥ 9 5 S
( Holothuria glaberrima) A E B s, 15 84% , 5
He B HEsh Y an. i B (Asterias forbesi) . fifl
(Haliotis diversicolor) | %t Wi ( Crassostrea gigas)
GF1 4115 GF2 J32% ( Nematostella vectensis) 2% H
( Caenorhabditis elegans) . /N . WF ( Pacifastacus
leniusculus) . 54 ( Drosophila melanogaster) %) A1
WU 4% 81 74% T1% 71% .70% .69% .59% .
57% 34% ;35 2 B HEshY), 5 ferritin 4% ( ferritin
heavy chain, FHC) {9 [5] I 14 %8 &, U0 A ( Homo
sapiens ) 62% . [, ( Mus musculus ) 61% . BF 5 £
(Danio rerio)64% AE M )\ ( Xenopus tropicalis)
60% , 1fij 5 ferritin 4444 (ferritin light chain, FLC) f}]

Aposfichopvs jsponicus :

sea cucumber
starfish ; -—

anbaone ; —_—

oyster GF1 : ——

abalone : -—
amphioxus ; ——

mouse-H ; ——

human-H : -—

zebrafish 1 ——

xenopus-H ;. __

nematode ;: -—
crayfish: ——

drosophil a-H :
b helix

Aposfichopvs jsponicus : EEREHABKEMEFINARG
sea cucumber ;
starfish :
anbaone :
oyster GF1 :
abalone :
amphioxus :
mouse-H :
human-H :
zebrafish :
xenopus-H :
nematode :
crayfish :
drosophil a-H :

[RIVEP IR, Ui N 53% A+ ( Rana catesbeian)53%
FR47% JAFINTHE 52% 5y ( Equus caballus)52%
(Felis catus)51% ., FRGEHAL BT L] &R 3hY)
(1) ferritin FEEAMEAL 3 5332, H SRR EHESH )
R3¢, Horp FLC R4 X — /325 HAlk, ffil =
SRERTCEMESN ) N — 3 B, T IBEh W ALk
HRy—K (K 4) .,

mouse-L. BC081462
cat-L. NP_001041615
horse-L. BAA03396
huan-L. NP_000137
xenopus-L AAQ10929

99 bullfrog-L. ACO51930
chinese sturgeon Eu343782
xenopus-H AAH61303

lamprey AAN63033

zebrafish AF295373

mouse-H AAH12314

100 =human-H NP_002023

amphioxus AAQ21039

oyster GF1 AAP83793

abalone ABY87353

anemone XP_001632011

starfish AAB60333
Apostichoﬁus japonicus

sea cucumber ABS29643
—nematode AAK21364

crayfish X90566 .

drosophila-H AAF57034
mosquito-H AF126431

99

Bl 4 Ferritin 2434 R

4% (FLC) ; H.ferritin E4% ( FHC) ,
Fig.4 Ferritin phylogenetic tree

L. ferritin light chain( FLC) ; H;:ferritin heavy chain( FHC).

K Di R Z ferritin cDNA i fity ) 2 5 R 7 57

55 e T0 A HE S A HE S R AT 22 1 4 L X
([E15) . HAr, CAfeaHEsh Y FHC K8k 1

L. ferritin %

a helix

el 42l L oG HE T A
v AL
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Aposfichopvs jsponicus :
sea cucumber :
starfish :
anbaone :
oyster GF1 :
abalone :
amphioxus :
mouse-H :
human-H :
zebrafish :
xenopus-H :
nematode :
crayfish :
drosophil a-H :

I -————- ENIKED——- : 173
SIKEDD-—- : 174

T —————- eNlGED——- & 171
BEO—-- © 171

/DI ¢ R
o SR 170

BO-—--: 172

GHEO-ES @ 182

GOSOMES @ 183

BKES--S @ 177

BESS-— : 176

EHFSD-——- : 170

SITSHRN-- ¢ 181
------ ;205

5 RS ferritin SR F 5| S HEWH ferritin SEELFF 7 1 EIR ML
A~E:5 4D o WIS 2575 Fe 2545 LA R B REEIR AL ; 19 5 U R S L B P O R AR
Fig.5 Alignment of the amino acids sequence of the A. japonicus ferritin with other ferritin sequences from animals

A-E:Five « helices; Asterisks:Sevem residues associated with the iron binding site; Dots:The residues making up ferroxidase center.

FE0f T BB 22 5 0k AL i o0 (ferroxidase
center) , "B I L5 5 A o IR HETR
5 A UL, il 2 ferritin [RIAEAEAEIX AR T 2544
REFCEHESNY) FHC #BA 7 ANMRSF I AR
R, 3ok B B IR ok L 2 Bk L T PO i
TEG AL PR, Horh E63 1 H66 (LAY
FHC AT i) 2 5T Z ik Fe 2651
B AL, Y35 5 55 Sh WA~ i & R Y30, Y33 (LA A
(1) FHC 2L 7 5 ) TE J T W 4% S A ifg o
DT RIS R bRk e R AR Y S
SEE—HHI(E5) o
2.3 {5%S ferritin B E Rk E RN

ferritin mRNA 1E 075 il 2 K 2 K5 U I HES: 11
MR G BRI S 38 R 40 A A A

M1 23 456789 1011 MI2131415

133 bp

E6 HRSARKXERBMAEAR
Serritin RixTER

M:DL2000 Marker(TaKaRa) ; 1:RZ¥E00; 2. ZHK500; 3. %
ML 4R 5. 5B 6 /RGN T LIRS
s 8 REARAE; 9 METIL {4 10 HALTF-2hidk; 11: 7S,
12:%5@; 13{2{&}}7{32[]})}@, 14:”?%’(*@; 15:12155’.%0

Fig.6 RT-PCR analysis of ferritin expression in

different development stages and different tissues
M :DL2000 Marker( TaKaRa) ; 1:Unfertilized egg; 2 Fertilized
egg; 3. Cellulous stages; 4. Blastula; 5. Gastrula; 6: Early
auricularia; 7. Auricularia; 8: Late auricularia; 9. Doliolaria;
10 :Pentactula; 11: Juvenile; 12 Intestine; 13: Coelomocyte;

14.;Respiratory tree; 15:Body wall.

BE 4 R KA EOLINE 6 iR, SRR
U A0S [F] 4120 1) cDNA A5 # , LA FerE/FerR
RGBT 133 bp R 5 4kA0, ULH ferritin
FEHTET RIS IR G K A A iR & & 45 B BL A %)
SAFHAL A RIS,

W Cyt b FEHAEZ M, F ] Quantitative
real-time PCR J7 ik ferritin 3& R ZEA5 Il S A~
[l & B B B AR R A o ik i, Il 7
JJi7R ferritin mRNA 75K 32 K5 U 25 Ji7 iz #2535 o
TN PNERGEEHS ESE R EWN S
(P <0.05) JEGZ AR AL, ferritin mRNA
FEWT W B Hp ) 2% 3k it W 2 AR T A 3 Fh A1 4
(P <0.05) ;415 7E5f LPS J&5 ,4 Fh4141H ferritin
mRNA Kkt 5iEHH LR 25 (K 8) .,

NN W
S vt O

ferrtinZEFRKIA TR
relative mRNA levels
>

(ferritin/Cyt b gene)
o

wut

9 10 11

B7 ARSAEKEKE ferritin mRNA RixE
VoRSAEN 2:52K500; 3: AL 4. FHRWI; 5. 50410
6 /NERIRGIAR; 7. ARG 8 K HOR LA 9 A B4y 1A 5
10 Tk T4 A; 1142

Fig.7 Relative mRNA levels of ferritin at different
development stages
1. Unfertilized egg; 2. Fertilized egg; 3. Cellulous stages;
4 :Blastula; 5: Gastrula; 6: Early auricularia; 7. Auricularia;

8:Late auricularia; 9:Doliolaria; 10 :Pentactula; 11 :Juvenile.
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BB, S5 RIS KR 1 ferritin SEPRF S 4307 B Feik s

Q@ X4 control

@ LPS Hl¥A
LPS challenge

ferrtinFEFRIXE
relative mRNA levels

(ferritin/Cyt b gene)

OC O OO
[CR SNSRI CRNNg W

=t

=)

& 8 Ferritin mRNA 412~ [E 4 & FHIF0
LPS ®lHERIEER
V:JiE s 2 ARIEA0M; 3 0PI 5 4. {REE,
Fig.8 Relative mRNA levels of ferritin in different
tissues and after LPS challenge

1 :Intestine; 2;Coelomocyte; 3 :Respiratory tree; 4 :Body wall.

3 he

AHIFTE AL 1 1) 75 i 25 cDNA SCHE iR 45
ferritin £ 424 cDNA JF 41, [RIJEPE 53 B 2= 475
Hi|3 ferritin 5 HESh YY) ferritin T 4% . 3% ( FHC)
FOMARRL, PR e Bk A A B O DL T
SEEHRE TR T RSP EBEIR AR LS, T ferritin 42
HEWP 3 (FLC) I H 45 3% SR i1, A5 0 2=
ferritin 5415, 3CE 1 NSERY FHC I8 BATH &
FIRIJEE . 7ED5 12 ferritin ()2 KL/R E 51,
A R BE 5 BK, PRI 75 0 2 ferritin & T
MR R R 1, X — A S R AR

SR Fh—FE TE RIS ferritin ¢cDNA 5'-
UTR P30 T & BEORSFIY IRE, IRE H (14 i A 45
F R8s T 8 (IRP) A4 G 02, P, X
TR & £ i 2 ferritin 1) 33K AT g 2 38 2o 2k 2
TERIFE KT B2 3R

B - WLshH I (B-actin) & ] IZ T HI N 2
BN Z—o FATRM¥E & RT-PCR J5ik it &
B B-actin P TE P\ 5245 BF B HEZ: 1) — 26 % B Bir
B iy RIRKOPA I 25 . AR d AR W
B-actin J PR TE 9 K 21y W) 1 B oK 52K B 314K T
YIE1T AR B BB B R IE KA B 2
S0 SEAR SR 4 €8 2 b( cytochrome b, Cyt b)
R RSB RN R AR NS5,
Ramirez-Gémez 252 4138 Cyr b $LPH7E LPS #ili%
HiIJ5 1§ 2 ( Holothuria glaberrima) 14 JI55 2 ity vp
FaERIE M NS0T s JE R i 2Rk 0 .
Rojas-Cartagena %5 ' {1 Cyt b JENTE1G 2 I i
A B RRE R IHE NN SRS A

FHOCEER R IA L. FRATTR HF € i RT-PCR
TEN TOTRIZ: Cyt b JE W RIK G OL, 25
W] Cyt b BLATEN RIS A 8] & & I FIAS [ 21
Y K LPS i3 i 5 % 5 k4 2™, Quantitative
real-time PCR J}#fr& Rt & W] Cyr b KD REAE AR
EFRIE, H, ABFCR] Cyt b BEFAE NS
FLRFSY ferritin mRNA BRI o

Serritin mRNA TEAT I Z: (0 IR NG S A RS 1A
BN BSAAARRIH A h A Rk, fEHE
IKABhI  ferritin mRNA W BA T2 (Y 2HE KGR
Ifi e TNE TR MR ( Macrobrachium rosenbergii ) Y]
MIARES UL | i i O JUE A S5 1 B9 558 rp 304G 0
3| ferritin mRNA )35, F-7E v i it vh 25 1 B
0 e LA RTEE ( Litopenaeus vannamei ) [T}
e L B, ferritin mRNA 75 [ bk E . v iz Ji i
PREETS R A 2T MRAW JULPA, B 22715 o
WA ZRIR AR IR B b Bk i s Y L FERGE R
HW——E W Bk BE DL (Pinctada fucata) (FMENR
THACIE (B8 LA ferritin mRNA #345 3R35, Hor,
TEANERR TH AL IR AL h 1 ferritin mRNA 5 &
oA . ABEST K B, ferritin mRNA 747 i 2
G K AR K E S B4 2 09 i 4k
JES PR RS AR BE 8 ik o FERFIAR Hh 1Y)
FEREAR, WTRESE th TP AR RIS PR N 2
DIRE R TS, 58 T AR, A2 A 76l Bk
TS E o TEOTRIZ R ZHE 00 S2RG U0 2 40
) NI A, ferritin mRNA KK 5K, A
INHRIRGMATF i 350 1 W 8 1S o, TR HH T A1
FARGIARTEUe , T A8 DA i 3 a7 50 1) AR i
B AR B oAb, IR EIF IR IE R R, XA
BB IR R R R ROR BRI IE 3 A K
GAwEiS

PEAESR , AITE A PR BR T ferritin Xof ki 17
WIRIFSE , B T T3 T T A e B A T e i 5
TETCEMESN %0 i i 210 g
KIL, LPS Hil| i J5 ferritin mRNA ik & ¥ &,
Levy %" S8 40 B HI LPS YRS , R0 1k
W ferritin (3R35 FIR, (HAEW S 0058 AL,
PRI L ferritin mRNA (% 335 5 3% LPS Hi
e ARHFSE Quantitative real-time PCR
SRR TR S 0 WA TE R A0 | P I AR A A
BEH ferritin mRNA 7t LPS il AT 5 125 50
B3RS, TRETEHF SR ferritin BEPR K11
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Sequence analysis and expression pattern of ferritin gene in sea
cucumber ( Apostichopus japonicus )

YANG Ai-fu, ZHOU Zun-chun*, SUN Da-peng, DONG Ying, JIANG Bei, WANG Xiao-yu,
CHEN Zhong, GUAN Xiao-yan, WANG Bai

(Liaoning Key Lab of Marine Fishery Molecular Biology ,Liaoning Ocean and Fisheries
Science Research Institute ,Dalian 116023, China)

Abstract; Ferritin is widely distributed throughout the plant and animal kingdoms in a highly conserved
conformation,which plays a key role in cellular iron metabolism including iron storage and detoxification.
Vertebrate ferritin has been indirectly linked to innate immune response since their synthesis is regulated by
proinflammatory cytokines. In invertebrate, ferritin has also been shown to be relevant to innate immune
defense via iron-withholding strategy because it can be elevated by LPS challenge. To be better understand the
sequences information and do further research on the function of ferritin,the cDNA sequence is characterized
and the gene expression pattern is profiled. In this study,a full-length ferritin cDNA sequence was obtained by
constructing cDNA libraries of sea cucumber( Apostichopus japonicus) ,which was 792 bp long,and includes a
133 bp long 5’-untranslated region (UTR) ,0RF encoding 173 amino acids, and a 137 bp long 3'-UTR; the
molecular weight predicted was 20 ku. The 5'-UTR contains a highly conserved iron responsive element( IRE)
sequence. The amino acids have a conserved motif for ferroxidase center typical of heavy chains of vertebrate
ferritins. Sequence comparison showed that it reached the highest similarities of 84% with sea cucumber
Holothuria glaberrima and shared more identity to H-chains of vertebrate ferritins than to the L-chains. It also
shared 74% —34% identity with invertebrate ferritins compared with sea star, abalone, oyster, sea anemone,
nematode , crayfish and drosophila. Phylogenetic analysis revealed the A. japonicus ferritin was grouped together
with the invertebrate ferritin cluster. The ferritin mRNA were identified by using RT-PCR at development
stages of sea cucumber including unfertilized egg, fertilized egg, cellulous stages, blastula, gastrula, early
auricularia, auricularia, late auricularia, doliolaria, pentactula, juvenile and in different tissues of young sea
cucumbers including intestines, coelomocytes, respiratory trees and body walls. Quantitative real-time PCR
results showed that ferritin messages were low in unfertilized eggs through gastrula, however, a pronounced
increase in transcript levels was observed from early auricularia to juvenile; The lowest expression level was
found in the respiratory trees of young sea cucumbers; Moreover, ferritin mRNA showed no significant
changes in expression after a LPS challenge in the four tissues of young sea cucumbers. This result suggests
that ferritin expression might be regulated posttranscriptionally in sea cucumber.

Key words: sea cucumber ( Apostichopus japonicus ); ferritin; sequence analysis; gene expression;
LPS challenge
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