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A E: ORI T) I AR, R Y B A MR AT SR (2.4.6 g/L) A0
18 PR il , K38 J5 120 h Y B9 AR 5 5 B 41 Rhag,Rhbg, Rhegl 1 Rheg2 P mRNA
FIRBAL IR AR DR BAR T Rh AR .. SREW, SRR T, &
WRBEAE 12 h N RETT R BIREAE , 4 Ff Rh R REE IR T 24 h DI 8 Y Hia 4 iy T 9
BERWIT G MR 2 PBNRAS 4 F Rh B R B RERRFRE K, RIULR RbEAY
WRES 5 MBI TT . Ml 24 h,Rhegl HERZBBER T HAL 3 fEHE., EALEREK
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FRABXEARRBENEL =YL —, FEFE
FRERES EERFEEMBEERZEN ., 8
RAXINIHTIE YRR TR T, &2
BRRNBRB LG RHEENEERE. DELA,
& (NH, {78 20 HE il 32 22 28 iy 6 b Bz 40 e DA
ANy R =, BH R &, AR+
FAE—REMRMAAHREE AR EA) TRE
#is, B FR e R, SAEMHEY R
REBRAEA(AMD . BT EEINERE
(MEP AR EFREKEEY, Rh EAEE 3 HR
#JfA& :Rhag,Rhbg,Rheghl, 2R RAEAELAIER
Frii(Taki fugu rubripes) B34 41§ % 58 i Rhag,
Rhbg,Rhcgl Fi Rheg2 4 Fi A 7] 3 A, 5 I 46 5 d
BREARIEHESS 5T &%E3R . £REH
BT, U8 (Oncorhynchus mykiss Y340 21 & Rhbg,
Rhegl .Rheg2 #EXHXE B E LAY, RhEBEAE
RN A BB ReRE, 40 Rhag i P40 M 1,
Rhbg JLEFTETR 443, 1 Rheg W) EE4FAR7E
6. AR RS HEREPY. #a (Cyprinus
carpio) 4 1 H Rhag,Rhbg, Rhegl F [ F kK
AR B R T AR,

R AE S A B BR Eh A B M K R A, R

W B 2018-04-25; {&[E BB 2018-07-10.

HETE : BRALRL I HEAREF LI(CARS46).
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B, A NHEARR RN, EFHE
FERSFSNH;, BAGFEMRTETFEER
TSR R W I, 68 05 2 7 40 HE R AL AR i B R
F, IR RN, AR EE T, AR AT i
MM FEZAESRE . MR LEEFERE
KTV BB S B EAE BT BHR, 2554
BRUETR , A UR R, LAIRE BT 2 HE AR SR 55
— MR R TE I A B & R L& % L
BRI P P A BB , B RS FER AR
KB SRR FUE, B ARSN . AT R
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B, ¥R P B Rh I AR KER N
JE A R S DL R R — P 5

1 #HEE5F*E

1.1 ¥

REEARET LB RED JE A MR IR
B, PR EY 50 g, RRATK B S T A
FZERN 0.6 mX0.5 mX0, 4 mRKKERENEF:
14 d, BHIEIE % B HETs oK. IERIRERET 3 d
R HpE e, P AR RIFAME. 1 158
FIANMAREAT BRI RIS . DR E T ZE MR OK R
NaHCO, ¥ , e B GRS 1 d £, HHAFESE
3 HI83200 ZSHUK i 4 Hr X I & 7K fA98 BE 3F L
HAEHEIE.

SRR 18 13 A E 2.4.6 g/L NaHCO;
SEEMEHFPIRIRE R 2 ¢/L NaHCO: 3-8 Hig
W 1 g/L B a4 , M 3E#EAT 120 h, A8
PR EH IEAFRP)E 6 g/L J5 24 h, FRHEE 11
A A, SMARABE 20 BRAK A, 7E 3
MEE, ARPREFAR, RIEERE>S g/L.

SPE B A 5B F A 0.2,4.6,12,24,48,
72.96.120 h it B B MARAHBEHLER 3 B, 18
PERE 4 FHrE 24.48.72.96.120 h B} B B4R
SHEADLR 3 B, TS 4 5 £ s # bk,
4 C#%E 12 h J5 3000 r/min, 4 C, &> 10 min BL
ERIMERFAE—20 Tk . XA E,
B SR R 2 R ER 43, — BB BT —80 CUkF N
RFE, i — BB T ZI A F e difh.

Mg e A & FEEEREYAFD, RT-

PCR #£R#& (TaKaRa A 7). Rhag —¥Hi k%
By YA . Rhbg —Hi 8 R e ik (Abcam 2>
A ,Rheg — 18 BB FEEHLA (Santa A 7D . By
3% i W SABC =88 & (RIUE AR M B
WEALEYRFEFERAFD . RT-PCR TR
Sl g TAY TEERARE K.
L2 AR
L2.1 kBN E

okt PR B A ) 1 VR S B MR BE, Al Synergy
H1 BEFrY (Bio-tek, USA) 6 A W Yo {H , 7
W AE 5 A i B A S, 00848 HY I YRR o AR 3
FREWREE
1.2.2 RhZPH mRNA MXFRE

WRIEEEE T AEYBEREREPFOMBE LA
RS B4 Rh KIEEE Rhag (B F 5. XM_
003446300. 3) \Rhbg (B335 : XM_003456422. 4) .
Rhegl (& 5 XM _ 003440579, 3). Rheg2 (& F
5. XM_005467111. 3) {{ FF 3l , i 53 i ] Primer 5
AT FFIHAT M R RS IR D . WA
BF A, Trizol $2BUE RNA, F RNase free ddH,O
Y, Fl OD-1000+43 )% 6 BE 3 (Onedrop, B 7=) K
il RNA &8 Az /Az 8, ABS H A 1. 8~2. 1
AR E. LA RNA B ERARME R RE R
cDNA, # M SYBR Premix ExTaq #i BH 35 347
RT-PCR ¥#., RMFEFH 95 C FAH 30 s;95
C A5 5,58~62 C B AZEM 30 5,40 MEFF; 95
C 4% 10 5,65 'C 1B 5 s, RIBARSRABY
T, R HBR. XA 27 EREAFE
X RIR & .

*1 31MEER
Elk] BF3 (5" >3 Hi& BkEE/T
Rhag F ACACGACACCCACAATAACACTGAC  Rhag BEFEER PCR 59. 3
Rhag R CGCCAAATGAAATCAGGACCGTAGC 60. 9
Rhbg F GGCAGCCTGCACTCTGTCTA Rhbg 3:F %5 & PCR 60. 2
Rhbg R GCTTGCTCTCCAGGATGGGT 60. 4
Rhegl F CCAGGATGTCCATGTGATGATATTT  Rhegl BE# R PCR 62.0
Rhegl R TTTCAATTCCAATTTTGATCTTCCC 63.0
Rheg2 F GCATTTGGACTGGTTGGA Rheg? HEFE R PCR 52.7
Rheg? R GACTCGTGTGTGTCGTGG 56. 4
gractin F CAGCAGATGTGGATCAGCAAGC Pt 61.9
gactin R TGAAGTTGTTGGGCGTTTGG 57.8
L2.3 HEEdie min) , 77 35 G B AR B Y) 5 (5 pm) , BESE K.

A 518 MEE 120 h ibiE] SRR R A T
KBRS A 4% S RE R EE 12~16 h, A
1 X PBS ¥ L 3 K, B G Zad 30 % ~100 %0 #h B
BEEMK B2 _HESHGRHRALH 2~3

B E 0. 3% WS E AL S BEVE R 10 min DUKIE N
VEPERS , 1 X PBS ¥ MYk 3 ¥R, 10 % LU 2F I 15 3 b
30 min, MEBFAPE. BEFBIASESTEN
—¥3i,4 CIBELIHEGER 12 h), 7 1 XPBS &% 3
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Ko B AN —HiERFE 30 min, 1’XPBS E¥k 3
Ko BEHRSEAYEEIRCH =R EEEEE
&, Zi 30 min, K¥E5#H DAB EA & B 6 5
min, HAKEE R 10 s J5 A RAKEE, FLA0EER
B AR FE & 10 min, 55700 B B &
Fo HA R AR B—bi, H L BIHE.
AEHREE T 8948 FF Rh FE HFAYLEEER 5 4 40 58
1.2.4 ¥aEo#

R A SPSS 22 it 8 r, itk
WA ERAREZ, Bl BEE T Z 00k
W & 3 ¥, Duncan 2 LT Z R4, DL P<
0.05 AZREBE.

2 GRESW

2.1 AFRE TR B mEm gl
a6 e, Z AN RA O g/ BF FIE
I B RS BRI EH SRR AR BE.
SHEE4(2.4.6 g/L) MEFE 0~12 h JREF
FIABIE(E, 12 h 25 AR E EFARERT=H
Xt BRI K, 2 BUREAREE 5 7 55 10 7 i B e e

40 -

30 |

AR RIS B

10

18P 18 4H i1 BAE 24~120 h IR T2 A X A
B, 2HEPREE D,

1000 - a-- 0 g/L-a-2g/L——4g/L —8—6g/lL-e|BM

800 |
600 |

400

M HE /umol = L

200

0

0 24 48 72 96 120
t/h
H1 FEEEEESFIELNERERHNZN

2.2 WEXRE P EAMAR S Rh HEEE
B
2.2.1 Rhag mRNA HHENFAERS L

St A s, BP P EAEAH R K Rhag
R B AR X8 B B R] AR fLFE 12 h FF 4G H 3R
BE EFP<0.05),3FF 24 h BEfEH, BHHiE
417 24~120 h Y, Rhag FEFR LB EIFER R
KFECHE 2,

02g/L O4g/L m6 gL miETL:

aTa
a
b ab b
20 | c cc c ¢ c c
c c
cd
d d
dd
d
0 L ’}‘ L ﬁ'q L L
2 4 6 12 24 48 72 96 120

t/h

2 WHEMEY R T B & Rhag RN R &R

2.2.2 Rhbg mRNA X} BBk
e A, 854 219 B Rhbg 2B & AH Xt
RILBFER BRI AZE 6 h HABE EAPL
0.05),7F 24 hiKWEfH, FESFFIA T . BHad
Rhbg ZENZE 48 h KIEEEF 1 BE T RE(P<
0. 05) (| 3),
2.2.3 Rhegl mRNA B FEEEEL
S AR H ) Rhegl 2 HAHXT
RIXBFER BRI E 4 h HABE EAPL
0.05),7E 24 h IKIEH 5 FF 1R @3 T k& (P<<0. 05),
B 48 h REEHFEFHBE TP

0.05) (&l ),

2.2.4 Rheg2 mRNA WX FAE T
SERME A, SBAH R H K Rheg2 FR HAEXT

RIXBFER E KB E 4 h A RE EA P

0.05),3F7 24 h KIEHEHAHBE TR P

0.05), @HEMHAA T 24 h RIRHE IR B E TR

(P<<0.05) (A 5),

2.2.5 2WERMA 24 h 4 Fp Rh EFERKHEXRILE
FoER 4 Fp Rh ZREH A 24 h AAXRIAE

AT, 7TEMR A Rhegl EFEMAHN XX B BE R

7F Rhag.Rhbg.Rheg2 [ (P<0. 05) (A 6),
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2.3 AL
GIEAMMER BN, S EEA P, fE484H
L1435k 3] Rhag, Rhbg #1 Rheg 4% FHH X
NG, ELFR B H A BE B v FE A D R P TR
BRI 2 Hh o 2 B P ek S 5 18 1 iy 26 4 7
ERARFRNB] 3 F Rh B AR AR M. Rhag
BB FHE 4T B £ B4 fa 788/ i |, Rhbg #1 Rheg
BB P4 B £ B AR 7R/ TR (B D,

A A% R

Rhbg

7 FRBETEFFFEMAL Rh RERBAN (40X)

1200 02g/l odg/l. m6g/lL
a
. 1000 a
3 800
E 600 b
= 400
200
olLecl ¢ cc L Ll .
Rhag Rhbg Rhegl Rheg2
Rh&[X]
6 WREME 24 h 2B B I £ 884 K Rhag,Rhbg,
Rhegl \Rheg2 EERGtAF R &R
3 3t i

3.1 7[R HBE b 3 o o e BEE AR AL R

FRAKNRBHERL Y, K HIRH
EREY R NH, W2 AR M . 5838 I 46
J& » AN IR B RN, BB ShT RSZ B
kAR NHIF 1 R, NH BB RRKEE, 5
NH: & Bl R aSSRaRstr ., AHRd, 2k
WBHREAAT , BP P Jf i Ewk B BT, T 12
h BRI , I 5 BLREHREE T+ T R S, 25
BHEFEI LR T2 A K. IEBRS
FAattE S A SATEN 6 g/L LLTRE
E73"

18R HTE 0~24 h Brib &5 2 ¢/L 34k

FEHMF. 24 h ZJ5, EERE AR, %
BIFNBERE B A AN EREH B ST
=EX KR, R EH BN P, BT 6 g/L
SRR IE , 18 M 38 T I 2 Uk BE B R MR 457 42 B [
K,EREZmEER, XRWBEMELZEGT,E
% B I 1 R T T M T BRI B R AR AL
3.2 BAMAT Rh EETEMAR P HRIKFE
RUEARFSE R, AR R YR BE NH; R E
e, BB B kv e e A &R R —F
RIRERE, 5 —MES 28RS . HhsE
Bt R FENERERRE, KRR RASTE
SRR g B BB E R E R kS, PR R
B , #128& Rhag,Rhbg,Rhcgl #1 Rheg2 B NH, %
BN FHEES SMAR K FShHE NH,™, &
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BB, S E A i EWEEFRTE 12 h BAEE
JE 1R B %, [ i} Rhag, Rhbg,Rhegl #1 Rheg? &
HNEMAAHHRILBE EH, IF T 24 h 3)k0&
{E, JFREE MR T 1R B W T B IF 48 TR K F 0,
Rh ZEMEALABEFHEATH, XA RMEHS
5 i &Y 5 8P T8 4H B TR 38 R s s, o
BIWRETE 24~120 h k823, MRI K Rh £ H K
RABWRAGERFERRAKF, #—BKW,Rh
HHEZS 5T MEAT SR, RIEESERER)
38 24 h B} Rhag,Rhbg,.Rhegl i Rheg2 %K 22 [8]
HIAAXFFRIE KT, Rhegl BEFE WM RIIBEBER
FHAt 3 FiEB (P<<0. 05), #Edll Rhegl REF F
JFAamARPEENEREZERN, 5 Mak F5 5
TR
3.3 AT Rh & B7ESH SR P RRINRE

Rh EHEFE A AR T FEHARPHEF
R, REALEREN, SEHEA P
Rhag,Rhbg # Rheg 7 41 23 H 34 J 3 503 FH
L, B FEEE R F R, B R BRI R
18 P Filp 3 2 HP s 2 B0 FH 4 0 5 1B R R B 55 F
6 g/LOREH. HH Rhag &M 4iMIMEXEH,
FEFEAYUMRE, REHME R PR, Rhag K1
TE R NAESR /N b, 3X 2 B O 8/ J B 5 A6 6 4 1L
&, Rhag FHE [ N AT 88 5 88/ i 9 R B 4040 ML Y
REH K, Rhbg #1 Rheg H) FHHM: 2 N3 47 T8 /)y
FEFRWRT LEAEE, S8R THHEZAN
Rhbg 7 T 7 Bz 40 B B ZE RS MU B iR |\ Rheg?
A FIRER R AR, K 3T B4 (Danio rerio)Rhegl fif
Fil E V& HT-ATPase 5 & Zb0 4 41 g TR
SHRB AR, GREY, BFF A NH iz
AR FEGE AR/ R BB B 4T

BRI, WA R T, KB 3
Rz BlmE, 5l R MEKFE L, BF B IEAaRE
i RE AR H R R AN ESREE kRS
5 &8558, Rheg BRI RER T EHEER.
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Ammonia Transporter Expression of Rh Protein Gen in Gills of Nile Tilapia
Oreochromis niloticus under Stress of Alkali

TU Hanging, ZHAO Jinliang, HUANG Siying, HAO Yueyue, CHENG Yamei, CAQO Xiaoying
( Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China )

Abstract: Blood ammonia concentration and mRNA expression of Rhag, Rhbg, Rhcgl and Rheg?2 genes in
gill were analyzed in Nile tilapia Oreochromis niloticus with body weight of some 50 g exposed to acute al-
kalinity (NaHCQ;) stress (2, 4, and 6 g/L) and chronic alkalinity stress for 120 h, and the positive reac-
tion of Rh glycoprotein in gill was determined by immunohistochemistry. The results showed that blood
ammonia levels were found to be increased rapidly to peak at 12 h, and the expression of four kinds of Rh
genes was increased, with the peak at 24 h, under acute alkalinity stress. The concentration of blood am-
monia was fluctuated, and the expression of the four Rh genes was maintained at a high level due to the in-
creasing alkalinity in the chronic alkali stress group, indicating that the four kinds of Rh proteins were in-
volved in the regulation of blood ammonia concentration. There was significantly higher expression in Rh-
cgl gene than that in the other three genes at 24 h. The immunohistochemical results showed that Rhag,
Rhbg and Rhcg in the acute and chronic stress groups were found to be positive in the gill, with increase
with the elevated alkalinity. The findings indicated that Nile tilapia exposed to alkalinity had increase in

the expression of Rh gene and protein involved in the process of ammonia transport.

Key words: Oreochromis niloticus; carbonate stress; blood ammonia; Rh protein



