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WE: § TR 4% F BT & A (hemojuvelin, HIV) £ % & & o 4 17 R R 5 Ao 2 $5
BER4BRATBTNER, TRy B TREZFEL4AZHYTE G LE (Onkjv) 8 F ik
{3 4E (ORF), A Ar HERER T B & & 4 4 b i o 4 R R A IR0 B 8 R e Fo i
THRBAFTHMHKREA. 4R L, Onhjv iy ORF 2 K 1 1248 N2 4 ik, % 415
NEEB, EXRMMHZEEH— FRRTFH. £ K LE EPCR(QRT-PCR) £ R I 7r,
Onhjv E RE BB ENRF ) 206, HEFEFTHXRLERT. ELAERET HE
KAEMERLEE, Onhjv EFIE. i, @B dh Rkt EHTZE LR R LER
Y/ER M Tl Onljy kA BEZ B X2 REFNH THEEF LH. W, &
1 #2 10 pmol/L FeCly 7 & #| ¥k J& , Onhjv Rk E AR ME RN i a4, DRk
Gey/ERap it al ki BEWERF ., $EH P FE4IL-6F H [(1)OnlL-6]
H e, KEER/ERMB T Onhjv kX B E F EH, & W KEET T AR Onkjv %
Ko ARKN, REZ A4 AZ AT EOAFEINHREFARE MEFARSNITE
PREFER. RERAKZAHVEFFEFNANFHRERETSE, A hH#—F
FRGRBEFEEFHREBR LRI EEEAREERNL T
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YR RIS Ae i, FeiE g bR
20 b kA DR S AL R B, IR 2 h &)
iz 1(DMT) 50z 2 40 i 5t b 8 56 2k
M (transferrin, TF) /& —Fh MK A, BRoc Ko
5 TF 45 & % iz 9 3 3 3% 8 8 11 3Z 1K (transferrin
receptor, TFR) 4 3 1 N 7 /E H W 4k i 1z 31| 2 21
O R A R o A A A SR R Y Rk
FAL &S, MR (hepcidin) &2 AY B &
P o 2 b R A R T A, A 2
K FE ek Z N B R B S
JIE 2 %5 32 7K 1 (ferroportin, FPN)ZE 4, SR Ja kA
20 B b O A R A, A o Ak DA B ) R A T
BEARAFIE gk 20, Hop, BB R &
F (HIV) S22 8 2 S sl 3y /00, = 2 0t
BMP/SMAD {5 5 14 5 & 2 A2 ik 2k 8 R iy k",

HIV 2 8 37 2 28 323k 10 SC B 1 i oy 1,
AR AR S 7 RGM) KRR L 2 —, DL
B Tl i 5 L It i 42 2 11 ) OB A7 A T 400 i R
B rgm JE—AN B TTIZ R NI R
FEALE 4 ML rgma (B rgm) . rgmb (dragon) .
rgme (hemojuvelin) A rgmd ((UFAETF 25%), RGM
RIS A A5 R Y, X Ry
B A N St {5 5 KRR 43 1 8 M A 1M /2 5 DAY
(VWFD) 45 #9145, H: v RGMa Il RGMc 4 N it {5
5K IR A R DR SR - R - R A E R
(RGD) J751l . RGMs i i 0t HAT 15 G 8 R G0
HEHR PR R S5 2 Rh A BRI AEDS ) HIV 3
BMP/SMAD {5 5 1% F i 428 BT Bk 8 R 1) 2387,
O 7R Ry 4 RV Bk AR 1 (Holo-TF) 5 2 A% 4k
% 1 5 1& (TFR1 Fll TFR2) ) 45 4 il ¥ BMP 3% (&
(BMPR), H it & BMP2/4 FIE & K & &k 1k &
F BMP6 L2 (K iy HIV 40 i Z R B &0 &
{5522 Holo-TF 5 TFR1 f%5 & B T st AL 1k
M6 ZE PP & [ (HFE), i Holo-TF 5 TFR2 ¥
g Gt T TFR2, [k, HFE F1 TFR2 %Al 5
ZAKE A4+, B HFE Al TFR2 #FAT DL LI AE %
i A IV, RE S8 - SMADL/
5/8 Wi R 1k . Wil 1LY SMAD 5 SMAD4 45 & JE
WS RE G, S5 R e 78 3 20 i A% b 5 B
W e s 245 W N5 3 hepeidint) 23K, 15
JIE5 22 S IR 2 (1 il 3 [N (TMPRSS6) e 123 fi% ik —
PRI, 5 MT2 SEEEIE HIV A9 2,
HIVIIRE Y 55 1 5 2 4R AH G e, s

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

AR AR DUERE . (e L4l sy 20 %, H
Hi, HIV E 8 AR TE M 40 78 SR

HHET, XT kv 05 NS854 J 3R 8 R 5|
AR O A — RIHIE , o AR i
HIV BB 35 1 FNS-6 F B i 1A 45 1 ol 52 R
PEHEZN ', HIV DiEe 58 S BN (Homo sapiens)
T /DA I A5 2R G i AR 2140 3G 22 5 275 [A)
B A 5 HGE T /0 B (Mus musculus) R Bt =
TMPRSS6 X HIV (315 B A7 2 & ™, mife
W fmerf, 56T HIV Y45 0 & H A W2k T g
TR RS TR B, AP LI, IREL
W 15 17 (Dicentrarchus lobrax) A& P4 4% 11 25 B JIT ik
H v R Al 9 7 Bk A R R R 8 R AR AR AR, B
4t (Danio rerio) WRHG hjv T &5 52 W hepcidin 3%
ik 1Y) BMP {5538 % 1) AH G D RES

Je % % 4k i (Oreochromis niloticus) &t -8
BN Zamr s ads, hETE 2019 4F Rl
TR B AR O, AR ik 162.5 77 %9,
% % ARt A R K E R, XHEDE P
FoRE AN, JF HREM m % i 3 U0, B2
TeFLEEEK B (Streptococcus agalactiae) FWg 7K <, H.
B (deromonas hydrophila) 55 41 1A %< 9 1Y K TaI FR
TR 25 B AR SR 7l ok B R B 2 T R Y
ARG Y T e B B HE 8 hjv(Onhjv) B T 52
HEJFF, WFFE T Onhjv £ 0 137 240 TR 2% Y A0k it 4%
DI RERE AL, BR T Onkjy 75 JE % % AE M HILA
HEHEREAEM, JFEU T RERF B34 FR 6(IL-6)
BA W Onhjv 3B KVFHVER . ARBF5E IR
hjv TERE B 0 B AR W 2 D RE AR L T 2%, Al
Sk i — 25 W ST R AR TE T 3 7 1S 1R G it
by B 2R R TR R 5

1 MRS TTE

1.1 BRETIEHEAPAHRKE

RE DA A REY MR, Jf
] 35 T A B 9 R 2 A iy B2 2 B £ 2R E IR
HEGEIR TR RGN . HEHE 100 BAKT & h 70~
90 g Y JE& % B AE 0 H] T 1A A1 it v e g Fn ik B 1
DL, HEFE 20 EBARTTE N 180~220 g (B ¥ F 4k
DRI RS = AR 1 0 0 == S G 12 1 I &2
RAR MR e A 0T B 10% 10771 20 fa i) Gl g i
WA RAF]), & HWMKE, 769 R5KEE
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1532 KopE o R 45 4

il 7€ (26+2) °C, K & % W] B AR 15 7€ 25~35 om,
KT pH FEIAE 7.5~8.0, AR5 24 (0 B8R,
I8 WG A A SR RS R h 1 5 1

S B Wy ) A 5% 55 A T TR 8 S 4 T T Y
KEFEREIRAC B & 1R B S M A, JF
B B I 5T R A8 B AR R SR T BRI
e B B AR e SR R GUK A PR IR B 3
it HL 75 4330 B A AE KRBT, AR UE ML 45 30 4
prad FRaERDS

S TT A S 40 mg/L MS-222(Aladdin, 2£
E) Xt e ¥ e b TR . S IRE A TR
JeB B AEmANE ML . KRk WLA. B BORR .
JE . RRE . B, Sk R AR 10 N A
AN]SR S 3 BB B B AR M REA, AR
i1 (B AL SUREAR B 3 AR R 48 T o BRE A 440
FEARRHHA B R PR R, R B TAEE UG ,
W5 BT A 2HBVRE S 7 2 80 °C kAR P B AR 4
1.2 REREFRSRTTEGNH

S FH I FLAEER 1H (2Q0910) H ) A VE K
FWEIL, FEIK AR (BYKO0810) i I i iV
KW %, O T J5 TR 13 Pk DL BRSO ik
FENTHIRE S P B 2, R A T A
S5 -80 °C VKAEIN o LIS TFUATHT, FERTHERLF
TG B Rl -0 32 FE AR SR I 5 LB MR 97 3
5 R AE AR b 0 TR R H22 8 11 100 £ A9 1A BRL G 22
T EEM T IR N, T 30 °C fHIEFEIR I LA 180
r/min {9553 KR 5% 2 ODygog nm A0 B SGIE I5 F] 0.6~
1.0, 1EALRLTE R A 55 55 2 50 mLES.O A8 Y,
JILA 20 mL AH X R 0 35 75 S gk 2e 4k % 35 9%,
s A% D PR ) VA R A T E

I3 DR TR B X Onhjiv e ik B RIRE IR . X FR 4L
Je % % AE 41 L) 10 mmol/L R £h 2% vl i ¥ (PBS)
Fie 8100 pL/FE i 300 o E A7 08 I e g, SE IR A
T A 1% TG FLAE K TR Bk 7K A T R
£ 10 mmol PBS ¥ W Hr,  Jf K vk B I 57 &2 1x107
CFU/mL, %18 100 pL/k )57 it 15 5 8 s 7 4 .
TR S 3, 6, 12, 24, 48 i1 72 h BB HL %k B
3 RSt A R AU AR

RS T U BE XS Onhyjv B BRI . X B4
Je % % 4411k 10 mmol/L PBS % 1 100 pL/JE i) 7
AT IR S, SR AL R RELL 100 pL/E 5
ST 1 pmol/L #1110 umol/L ) FeCl, 5, 1E
MRS R 12, 24, 48 F1 72 h B> B [A] A5 il AL 3
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W3 B o R H SR, AN HEUREA
W3 AR .

1.3 RNA 12E05 cDNA A%

AN SEI6 38 3 TRIzol (Thermo, € [F) 24 i 1k 42
HUE % B HE 045 4141 5 RNA, BUSE & 41 40m A
200 pL TRIzol i 51 J& F HL 3l 50 3% 2% 78 400 5 L 21
U510 FANA 800 pL TRIzol X7, 1E VKA
#r# 10 min J5 LA 12 000 r/min T 4 °C &.0> 10 min,
W IE W E TR RNA B OEH, A
300 uL =S W BE (&), TR IR S EKIE
I E 10 min, 42 B DL LA A5 BR R R B 0 o IR
FJZEAKH, mIKAHFINA 500 uL SN RS R
RE), #rEfEE.O. 38 BIE®, mutEdm
N FE R 75% W TCK B, b BB R v Ui
XF RNA A7 vE, BOoEwEk LiER, EEZ
IR 2 K. B —IREOEHRGE, Fdailks
MO R, Bl NS R E L, IAE
i 1) DEPC 7K % f## UTUE o {8 F NanoDrop 2000 ##
i 0 O BE TG DU RNA B ¥R B, i 1% B
AR I L VRS U RNAT B, 8 RNA REARAF
T-80°C A& K WIfli A, {4 ] PrimeScript™RT it
#] & (TaKaRa, H 4%) DL 41 21 B RNA 4 i, cDNA
RN, SCI6 A B IR cDNA & R ) & 156 B 4540
1, REBMARAFAE—20 °C &, T entse
Jt5E i PCR(qQRT-PCR) A AR AR 75 B2 48 JE IR T I
PEAT 10 15 F6 B
1.4 Onhjv B F 5318

1E NCBI (https://www.ncbi.nlm.nih.gov/) % ¥&
J& 3R A5 Onhjvidy T 00 J7 31 (XM_025911358.1),
BT %7 5145 B H A Primer premier 5.0 #4511
P IG5, PCR B MR R Ky 25 uL, Hop AL $g
LA Tag Mix 12.5 pL (TaKaRa, H ZA%), ddH,0 7.5 uL .
FRUESIY A& 1 pL KR 3 uL, DU IE cDNA
YE R AR . PCR I : FilZE M 95 °C 3 min; 74
PE95°C 305, Bk 64°C30s, FEAH 72°C 1 min,
35 M ; 72 °C 5 min, PCR J R 7= 938 14 1%
TV AR R M L PR AT AR, H L R BE DA B
B O I 1) AT I CRAR A= AR AL
FR 2N 7)) I % $ 3] pMD-18T #; /& |- (TaKaRa,H
A), EREEYEEALT] Toplo RZ S, &
i T oA &R0 LB BRE: 3% F A b F 37 °C fl
B SR 12~14 h,  PHE 5 B TR PR L AL mUoS A E

R E K P72 22 3240 sponsored by China Society of Fisheries
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R KB A FR 2 w] 4700 7 5 o0 dr o BRI
WTEE AT S WFE 1, T Finder (http:/www.
ncbi.nlm.nih.gov/gorf/gorf.-html) BRI T~ Onhjv T8
TE WY TF L B 32 4E . F ExPASy T H (http://expasy.
org/tools/) K 1% 1 IR B 1% L E FE R ¥ 5], I XA
FETR P H 474307 o il i BLAST (http:/blast.ncbi.
nlm.-nih.gov/blast.cgi) 2 /3 X #% 11 W2 /7 51 F#fe 5114
ZIETR Y 9 SEAT AR AL 73 B . OnHIV 7 91 45 44
3437 ¥ F InterProScan (http://www.ebi.ac.uk/Tools/
pfa/iprscan) #FF 0N, {1 1H] SignalP 4.1 (http:/www.
cbs.dtu.dk/services/SignalP/) W 3k X 2k & 25 18 15 &
FUfs 5 IKEAT T . MEGA 6 7% F T3t T & 5t
iR ¥ 51 1Y) Clustal X HEXTHSEE R G A B W S

1.5 qRT-PCR

i it ABI 7500 S B 2% it PCR & 4% (Life
Technologies, 3% [E] ) Ml it 52 £ 195 Jiet P J % 5
Je B B ARt AR [F L Onhjv Fik B8 57281k .
PCR JZ i & %}y 20 uL, 4245 10 pL TaKaRa Ex
Tag™SYBR premix, 4 pL i B¢ cDNA, L T jf
5|94 2 uL(2 umol/L), 1.5 uL ddH,O (Invitrogen,
), 0.5 uL ROX Dye II 44 ¥} (TaKaRa, H 4%),
PCR &5 4 95 °C 2% 3 min; 95 °C 15s, 60 °C
1 min, 40 NMEH . P AE M B-actin fE NN S
R, @54 A BT, FIH
27 Jr AT Onhjv A F R KW 2 ik
B s 28 N AR R 22 (SD).

1.6 B 4%/ E M 20 B 5 T 40 AL AY 53 5 0 R 3
J& % 55 A 01 3k B SRR/ W AR I 1Y 4 8 7 v
F1 AWRAEANIY

Tab.1 Primers used in this study

514 31 (5'-3") H

primers sequence (5'-3") purpose
qOnHjv-F  GCCACAGTCCTCACCAAAATCA qRT-PCR
qOnHjv-R  CCACTCGCCGCTCCACATCG
OnHjv-F ATCCACCTGACTCTGCTGC Ik
OnHjv-R TGCTAAGAGTTCCCAAAATG
MI13-F TGTAAAACGACGGCCAGT W 73-#r
MI3-R CAGGAAACAGCTATGACC
p-actin-F CGAGAGGGAAATCGTGCGTGACA  gqRT-PCR
p-actin-R AGGAAGGAAGGCTGGAAGAGGGC

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

Z: 2% O SCERPT, S ETSE T 10 mL 31% per-
coll 4Hf ifl 43 5 WK 4% %2 & M 7E 10 mL 54% percoll
(Sigma, 3¢ [E) I Mg B A [7] v BE ) 240 J 4 25 90
DL L-15 B Al 55 7 FE WO L& 1% 55 R /HE 75 = H
10% G4 1ML (FBS) M40 3s 35 5L, Jfmat 0.22
wmol/L TG 1 1§ M 5 2 Al i o SR B B AE A
Sk B 2H ST AE TG T B 0L AR 4 R AR 4 4 AT K
W 20 M VT R R S M B 20 43 B W L . 7E 500
g4 °C T &L 40 min 5, YW 31% Fl 54% per-
coll FLTa 4R/, AR FEHEAM B 2 5%10°1~/mL,
F52 HE 100 pL/ALEEF7 T 96 FLANAEEE 72 A (Thermo,
FKHE). 3dJ/FEBRIENEEAA, H 10 mL1640 J
Bl G R L PR 3 Uk [ 4% 3% JRE 400 it ik o 4
2 1x10° 4~ /mL, %18 100 pL/AL Ay 4k 22 B 35 T
96 LA AR o

Je % % A £0 40 R Y 43 A AR G 5% TR R
ZRC A SR, KRR 9 JE B % Al £ i AR g
W 75% 0 CBEHFATIH R B TGS TEGN,
FEANOHL T BR AR ALY 8 0.5 g BT EAE A
R BIOW R AR ML, IR S PBS VA UE 2 I
P REDT BN, AEE R R & A 0.2% EDTA
(Gibico, FEHE) M 15 mLBEE M E 1T RS, 7E
25 °C 1yl BE T HE IR IR % 4% 7E 80 t/min T iF &
30 min, B 40 M B RELFE 2 S0 mL JC R B0 E
JA 2 mL FBS & 1k i i )2 i o 500xg 4 °CE L
5min, WARTTIEANM , 1] 1640 Kfli 15 77 A vk
3R, EE - IRURIRIE K A R R R AR
DMEM 5 33 3 (Gibco, EE)H, fH 04% &
W0 A A1 Y R G T o ) DMEM SRR B 5%
FFIMA 10% FBS. 1% % % £ /AE 5 2 M 1% L-
A A BRI AL, RPN R A o AR
2| () T 20 O B 2= 5x10° 4N /mL, 3T 24 fLE 5%
Mz (Thermo, £ ) 1, #% | mL/ALWEHITE IR

7 DAL R G LA/ W A0 B AT 20 B R Oy
FR R AR, S A TG LA BR R AN KR
PO B (& HR By 1x107 CFU/mL) % 200 ffd 34 47 14
AN, e DR B AR E O 1% Y R IR % Ky
I 3 d AT KA, FFE AR R, PRI SR
) K TGRSR . X BE4] F JC T PBS A B, N %5
()4 M TE 25 °C 20 I 35 5240 N i B 5 R . 7ENLIK
JEHI 3. 6. 12, 24, 48 Fil 72 h W B 40 .

R TR X B B VA AT AR Onhyv
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1534 KoOoE ¥ 45 4

FIKHEMFEM . SLE A H 1 pmol/L Fl 10 pmol/L
FeCly N #, XF HRZH I TG PBS 4B, 1537 )7
SRR 2 UL R ER

1.7 EEFZESANE 6 EHE [(r) OnIL-6] 5
¥ OnhjviFRI1A&

H T RGE Onhjv TERAE S B E M, 58
K20 L 5 pg/mL (r)OnIL-6 {4 501 3% Je & % £ 3k
B AR/ R AN, XTI A A A (Trx) 80
W PBS WAL EE, BRI 3. 6. 12, 24, 48
72 h WS B AN, KU Onhjv FHXT 23K
HNh AR, LIEY P HEf pactin NP
Z, L 2RI TR Rk

1.8 LIRS N

FIr AT 20 B A AT 3R, AR S0 B E
TG T2 M o B o B i J& 38 1 SPSS 17.0
HEATBA 5] ANOVA 437, [RIIF£FEFE Tukey ] 32 F1

T RS . HHE =R 7 B {E bR W 2% (SD). 4t
PR EELLTFRE S (*P<0.05, **P<0.01) /R,
BT B 4t GraphPad 17.0 #4221 .

2 R

2.1 OnhjvF5 45

Onhjv 19 w15 X 4= KO 1 248 bp, 4615 415
N EHEIR (aa), BRI PAE D271
RAEMRA W WNAE 5P, 24 RGM 45 #4 5L,
4354 RGM-N 5 RGM-C(I4 1),

] iF OnHIV 5 1/ 22 ) ol 1) Bk )41 2R 941 95 2
FIEMER S (E 2-2), DL Swiss-Model 521l J&
%5 AR A0 Bk H Y = e 25 R E (] 2-b), &
KR, REPPAEAYMERMTTEDH 150
LT BIL AL, BEL LN A (Maylandia zebra) HIV
(4 [ IE PR S i o HIV F SUAEAS [ 4 o e BE RS
DAEagk MR T EANAERTFI S5 A /D

atggcgoctoctggectgectegragt ggaagigetggatccaccigactetgotgotogtoccaggtetettigoctgaagetgecaacticotgt
MALYAASQAKEEREECWYITHLTLLLYQVYSLPEAATS

catatccigagglglaacicgegat lilgleggelgeaacgclggaceLggmeage.

caglaglggeageagegglggegeageaggagzagea

I 1 L R CNSDTF V AATILDILGS S5 5605 56 6 AACG6 G A

geagetgtgageaggpaggcggtgaacgecggttactgeagogeceigegetectacg
A A VEREAVNANGYTCS A

catgtgcaccaagaggctgtegegagegtgtopt

R S ¥ A MCTEKTRTILSTRATCTR

ggtgacctogogtaccactelgeagtceaaggaategaagatotgetecatccagtatl oot geceeeggEtEZZ2CCCacggeageeoogoee

G D L A Y H S 4 V g6

E D 1L L

I @ HRCPRVYVGPTAATPFP

ccccctgotgaaacgetgteggrt gacaccigectotatgagaggagettettecageaggpgageggcagacaccocgaatacctgeact goage
PP AETILS GDTCILYERSTFTFSRESGQTEPETYTLUHTCGCS

glgticggagaccegeacaleagaaclttecaacaatgact tecacacatgigeeglteoggggeegleggectoteategacaalgagletoly
¥ F ¢ D P HIRTPFNNDZFHTCECAYVFPFGAWPILIDINEYL

tacgtacaagccaccagetcaccagccaggggaggeatgtatgocacagtectecacczaaatcaccatecatcttcaagaactggegicaatgt

Y VAOATS SPARGGMY A

VL TKTTTTFKNWRAEQC

ategaccagoagetetaccaggeszaactgeataacgioccogeceecticgeggacsgeiogatgtggagczzogagtggcsaggioatoge
I1 D3 & L Y QA ELDNVPAAFADGS SMWSGEUWRTGHTER

agcctcacagtteggactetgaatcccggecggcacgeegagatecgageggtgracgtoggeacagtetiggtagtgegtecagagesgocge
S L TV RTLUYNT? GRHAETIRAVYVHUVGTVLVYVVYRQSSGR

tegetoggnoteteggtectotognnacgigetgtegttgaggegttieaggectgngoagegacetgengetgtzogtgtggegetgnnnocod
S L 6 L SVLSPRGYVEAFRPES GGDTLA QLT CVWGE CPP

tececcagagactcaacacacttecacccaccaccatcagaccctttgatgtecacegooctcagigetgaggaccactgegeggggetgottoca
A

S Q@ RLNTLUHPFPPSDO?PLMST

L S AEDHTCAGLTLT
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Fig.1 The nucleotide and amino acid sequences of OnHJV

The shaded area indicated the signal peptide; the single underlined part indicated the the RGM-N domain; the double underlined part indicated the RGM-

C domain; - indicated the termination codon; red M. initiation factor
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Fig. 2 The analysis of evolutionary tree (a), the prediction of tertiary structure (b) and

conservative alignment (c) of HJV amino acid sequences in different species

(a) Phylogenetic tree of hemojuvelin family members constructed using the NJ

method by MEGA 6.0 program based on the alignment of 15 members of

hemojuvelin performed with the Clustal W method, numbers at each branch indicate the percentage bootstrap values on 1 000 replicates
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Fig. 3 Tissue distribution of Onhjv mRNA in
healthy O. niloticus
1. liver, 2. peripheral blood, 3. intestines, 4. gills, 5. hind kidney, 6.

spleen, 7. thymus, 8. skin, 9. anterior kidney, 10. muscle; the ratio refers
to the gene expression in different tissues relative to that in muscle and
target gene expression is normalized against fS-actin, the results were

mean+SD of three replicate samples
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Fig. 4 Temporal mRNA expression of Onhjv transcripts in the liver (a), spleen (b), intestine (c) and

gills (d) of O. niloticus after S. agalactiae and A. hydrophila challenges

The mRNA level of Onhjv gene was normalized to that f-actin and fold units were calculated deciding the values of the vaccinated tissues by PBS; the

error bars represent standard deviation (n=3) and significant difference was indicated by asterisks (*0.01<<P<0.05, **P<0.01); different letters indicate

significant differences within group, n.s indicate no significant difference between the groups; the same below
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Fig. 5 Temporal mRNA expression of Onhjv transcripts in the liver (a), spleen (b), intestine (c) and
gills (d) after 1 pmol/L and 10 pmol/L FeCl; challenges

The mRNA level of Onhjv gene was normalized to that S-actin and fold units were calculated deciding the values of the vaccinated tissues by PBS; the

same below

R BR A R Y o 2 G B PE , T E K R
[P IO TSNy VA - I O G (R AW 3
PR AT 0T 5 BT FATT 20 A A TR s 2 B4 s
R e 2 % A £ 40 B B L 7 A7 7 L
22 5. H N R BR A — B 2SR
Je B XAt 40 B Y T 2 R, 7R R )
b af REMCIE, ALREh—H
AR TAE B FE R, Ik 552 J0 7L B BR A R Y
SEIERD P AR B R MR . HLIRI
JEEMN 2 FEPAEMRTAERRS, HHh, ik
AER T IR SR JE B % A 0 40 B
D7 T BT SE TAR AR B R IF, Brsesl e i,
I 7K B T Sy B 2 T B T TR T DA

https://www.china-fishery.cn

Je B ARt g R G, B R KR T A
NSRRI S TR = SR R b e | R w5
G L ER 2 B TR R R [R) 1 4L
Onhjv W FIIER LI, —FHWNEHSURIEAE—
FE Y22 5, T L EE BRI Y VR R O
VER R B IR A, 7RG J5 4 21 rh i A
Xof ek B B B TR K AR R AL . BAh, &
1 umol/L F11 10 pmol/L FeCl; ¥ W Jl i J5 Onhjv B9
FA MR B E IS, LI Onkyy 188 T HLIREL
S ) A R R R AR Y HE A AR I,
W 10 umol/L FeCly W #4J5 Onhjv W {8 2% 1k £ X
FEAR MR B2 1 pmol/L Y3 N T 24 1 /%, KW Onhjv
TE 3k 20 B 15 B0 B AR R — A AR X R E 1Y A2 AR

o E K P2 2 320 sponsored by China Society of Fisheries


https://www.china-fishery.cn

9H FRE, & JeB Tk kR R A 8 A TEAG D I AR 0 R T R AR A i D e 1539

80  =pBs

B GRS A, hydrophila
W OCALEERRE S agalactiae
60 + s

Onhjv FIXF FIEH

Onhjv relative expression

3 6 12 24 48 72
1 F i) /h

time post-stimulation

(2)

60 = PBS
B ERURMLEE A, hydrophila
50 | W OGHLEERERE S agalactiae

40 +
30 |
20 |

Onhjv A% ik &

Onhjv relative expression

10

0
3 6 12 24 48 72
1 FHI B [R)/h
time post-stimulation
(b)

B 6 FTIFETKE (1x10" CFU/mL) FIMEK S # FfE (1x10 CFU/mL) R fE,
LB R i%/ENELRAR (a) FOATHABE (b) & Onhjv X RIEE

Fig. 6

The mRNA expression of Onhjv in head kidney monocytes/macrophages (a) and the hepatocytes (b) after being

treated with S. agalactiae (1x10’ CFU/mL) and A. hydrophila (110’ CFU/mL)
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The mRNA expression of Onhjv in head kidney monocytes/macrophages (a) and the hepatocytes

(b) after being treated with 1 pmol/L and 10 pmol/L FeCl;
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Fig. 8 The mRNA expression of Onhjv in head kidney

monocytes/macrophages after treated with
(r)OnIL-6 protein

The negative control group was treated with Trx protein and the blank
control group was treated with equal quantity PBS; the mRNA level of

Onhjv gene was normalized to that S-actin and fold units were calcu-
lated deciding the values of the PBS treated cells
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Functional characterization of hemojuvelin from Nile tilapia (Oreochromis
niloticus) in host defense against bacterial infection and
regulation of iron homeostasis

YIN Xiaoxue , QI Weiwei, MU Liangliang, WANG Anli, YE Jianmin "

(Guangdong Key Laboratory of Aquaculture Health and Safety, Institute of Modern Aquaculture Science and Engineering,
School of Life Sciences, South China Normal University, Guangzhou 510631, China)

Abstract: In order to study the role of hemojuvelin (hjv) in the process of resisting pathogen infection and main-
taining its iron homeostasis in teleost fish, the present study amplified the open reading frame (ORF) of Oreo-
chromis niloticus hjv (Onhjv), and analyzed its distribution pattern in various tissues of healthy tilapia and its
related role in resisting pathogen infection and regulating iron homeostasis. The ORF of Onhjv was 1 248 bp,
encoding 415 amino acids, which was conserved among different species. The results of quantitative real-time
PCR (qRT-PCR) showed that Onhjv was widely distributed in all detected tissues of O. niloticus, and the highest
expression level was found in liver. The expression of Onhjv was significantly up-regulated in the liver, spleen,
intestine and gills after being challenged by Streptococcus agalactiae or Aeromonas hydrophila. The Onhjv
expression in monocytes/macrophages (MO/Mg) and hepatocytes was also up-regulated after being stimulated by
these two pathogens. In addition, the expression of Onhjv also showed an up-regulation trend in the liver, spleen,
intestine, and gills, and head kidney MO/Mg and hepatocytes after stimulation with 1 umol/L or 10 pmol/L FeCl;
solution. After stimulation with recombinant O. niloticus IL-6 protein [(r)OnIL-6)], the expression of Onhjv in
head kidney MO/Mg was significantly up-regulated, indicating that inflammatory factors could promote the
expression of Onhjv. In this study, the results indicate that the hemojuvelin in O. niloticus plays an important role
in host resistance to pathogen infection and maintenance of iron homeostasis.

Key words: Oreochromis niloticus; hemojuvelin; pathogen bacteria; iron homeostasis; inflammatory factors
Corresponding authors: YIN Xiaoxue. E-mail: sheilayin@m.scnu.edu.cn;

YE Jianmin. E-mail: jmye@m.scnu.edu.cn
Funding projects: National Natural Science Foundation of China (31902396, 31972818); China Postdoctoral Sci-
ence Foundation (2019M652942)

https://www.china-fishery.cn R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

	1 材料与方法
	1.1 尼罗罗非鱼组织样本收集
	1.2 病原菌培养与尼罗罗非鱼应激
	1.3 RNA提取与cDNA合成
	1.4 Onhjv 的序列扩增
	1.5 qRT-PCR
	1.6 单核/巨噬细胞与肝细胞的分离和应激
	1.7 重组罗非鱼白介素  6蛋白[(r) OnIL-6]调节Onhjv的表达
	1.8 实验数据统计分析

	2 结果
	2.1 Onhjv序列分析
	2.2 Onhjv组织分布模式
	2.3 Onhjv体外表达分析
	2.4 炎症因子对Onhjv表达水平的调节作用

	3 讨论

