FEDKFERR2E 2016 £ 11 B, 23(6): 1290-1299

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2016.16047

BB EMET 5 5 Ik f SRR E R AT R

R, RAR, BE, FUMH, Th HAL

BV FRPRAK A PTG IRE S %, B, B 201306

WE: N THIEP P A4t (Oreochromis niloticus)TERRIA B W 1 B2 Z AT &2, AUFFTREE T 5 A2t
K HfE: AWM A WUBE (glutamine synthetase, GS). BREREFE§ SA(carbonic anhydrase 5A, CA-5A). 42 Wt K
(glutaminase 2, GLS2). & H Wi#iiR & il (carbamyl phosphate synthetase 1, CPS1), & %412 [1(ammonium trans-
porter Rh type C-2 like, Rhegl2), WFY T SRR SR Wria 50T, B % B Akl 20k B ARk . 2 AR MHAH DG Bl I
R Th KO B FU s AR b o 25 R FEHH, BHAR IR SR8 W B, Je S B ARl A B T, BRI RS R ST
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Fik, BEA AR RS 258 LTS TR AR, BHA)E 12~24 h £ H R XK BEF G, MEEZEERE$
KT, AU ERBA —EMASFRIAZR: AR AR Rcgl2) FEAEMAP RS, RIREE SA &
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MRS FAC R R, T RS MR fr s 1) fE
TRIRERIAEE ThEs, MK T CO3 . HCOs & &
BE, 238N AL HCO;, [FEAk
RIS pH 270 il B8 1Y — L6 5+ 52 e (40

ks BEA: 2016-02-04; 11T HHA: 2016-04-12.
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32 % 1 (ammonium transporter Rh type C-2 like,
Rhegl2) A 12 fi 2 (NH;)F1 S, 5341, ok il
1 (aquaporin, AQP)Z % 5 H A& 7K F H
(=B s i, ] s Y, BFsE R,
TR AL Gymnocypris przewalskii) BVl i HE 2
J7 20E R e ER R () R A T R e
). A Z A B (glutamine synthetase,
GS)Alfifk. NH; MR R & WA @Bk, 42
JHe & i JCEE ) B BORE A Bk 12 3% 2 2 A
HRAOL, LAy & WL i (glutaminase, GLS)Z3iff /= A=
S, PG B s R S R AR R AT (3)
BEAMIRER, DIRFIEACH . FEZ T B
& Wl (carbamyl phosphate synthetase, CPS)ffk
T, SRR (CO, 1Y/KEIE )G iz H otk
MR, PRIt & PG (S MR A W AL G . H R
FEITIRR A G . A IR . A R )AL
WUOE N A R . KRBT . AR, &4 ™
AR, ZAEERRA B B s HE AR SR AR
TN 80 & AR i (Alcaticus grahami)Fk el i 13X Fp
TR N R SR, AR 2 My
A8 N Bk PR BT, 4N B4 W) 5 (Oncorhynchus  clarki
henshawi)— 77 1138 13 A R ZHE RSN bz R
W, S —JrmiEad e . A EG ALY
AR E (NH) R R,

Je % B Ak fi (Oreochromis niloticus)d: £ # &
P RBE R A2 PR, AR 32— Y R gk s o2,
B, Je %% R R i S B R B3 1 2E 2
ST B E AR, (AR, X £ ek 7 5% 5E R 2
TR EAREEIEE L, SOAT, a5 sk 4
JP R 1R E T e B B R f 2 41 2%
FIRFEN, kISR A E o R
T A e —P it —E T e B B L
B2 BT 2N AW 1 R R I N 1 el = B N
Ttk 2 53 B2 W8 5 J2 %0 %0 A fa 1 2 ik B AR Ak, I
D E . PCR 5 kA i 22 A ads 42 A0 DG 3 1A
GS. GLS2. CA-54. Rhcgl2 F1 CPSI 1A [RI£HZH
ia i SRR L GS. CA FgiE AR (L,
hyJe % % A i R 3 1 A BRAIL A 5 B A A
g

1 MEEFE

11 SCEEHRY

Je B B AR A T K2R B R A T
TR IR, BRI, = NEIRIEHK
A H1(0.6 mx0.5 mx0.4 m)IR/KE 7 2 & LI3E K
HIAE(25.3°C+0.8°C). B FRIAM], F3RAME T 1]
B, KB FRAR AN (E . EHURAS192)(106.4 g+
5.5 ). fEERETE IR AN ACHEA T2 Jhih 28 S

Trizol W) H Invitrogen /A F]; PrimeScript RT
reagent Kit With gDNA Eraser, SYBR Premix
ExTaq 4 [ TaKaRa 23 F); BCA & [ B i 1711
BIH Thermo AW, FrHGIYH LA TAY
TR BR A A A
12 ZWHE
121 2MMEXE RIEILBLEER, &ET
3 ANERFRERBIE SCIGZHQ2 g/l 4 g/L. 6 g/L), LAIR
IKAE RN REAE, BE4L 30 B8, 3 NEEE L iU 4 S0
FHK S 38 33 B4 1R K oA NaHCO;(43#r 4ki)
B, MR 48 h L&, LRIFGE, K
S IR K R B AN IR 4
S W ) AR KRR 25°C A4, pH A 8.5 ZEdq o
122 #HmEE W THiAOh, 2h, 4h, 6h,
12h, 24h, 48h, 72 h Rkf, FRRAFLABEYLI 3 B
i, FHICER 59 2 R #f Ik Ab il A 1.5 mL
BLOE T, T4°CUKFE T E 12 h 5 E50(5000 r/min,
4°C, 10 min), B W RAMLE) A T-20°CokFE
ANz )5, P, Buhss T, T-80C
FRE AT VKA PR AE 25 H
123 MEREMNE i 208 %R s d# A
A ) R AT, ELRERAE S R
Bi45, FH Synergy H1 i F5{¥ (Bio-tek, USA)F I H:
W AR
1.2.4 GS, GLS2, CA-5A, CPS1. Rhcgl2 £[&
MRNA ®3i& £ GenBank H Je B B (1) GS.
GLS2.CA-54 . CPSI . Rhcgl2 3£[H ¢cDNA J¥51, H
Primer Premier 5.0 BT R 51 W 1),
5. EHSEER A TR, A Trizol #2
B RNA, JH RNase free ddH,0 % fi#, il RNA
BN Areo/Aaso fH o HU 1 pL £5ZHZUA G RNA 2
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Tab.1 Theinformation of the primersused in this study
514 primer IR 751 (5'-3") sequence (5'-3") Hi%& usage i KR EE/°C annealing temperature
GSF AGATAAGGCATACGGACGAG 57.8
GS #HNTOLE i PCR
GSR AAGGATGAAGCGAGCAA 57.6
CA-5AF GACAAGTCCACGCTACAAG . 57.6
CA-54 FERHE6E 7 PCR
CA-5AR ATCCTCCATCACTGCCTC 57.3
GLS2F ATCTGGCGTTTCAGGTGC e 573
GLS2 H:H7E & PCR
GLS2 R TCTTCTTGGGTCGTGTTT 57.3
CPS1F GGGGACAGCAGCAGAGTT e 61.9
CPS1 F:H % & PCR
CPSI R TACGAAGCCACCGAGCAT 61.9
Rhegl2 F GAAAGAATACCAGCATAGCG e 57.8
Rhegl2 FEH 5 E & PCR
Rhegl2 R CTCACCAGCCTGACCAAT 57.3
B-actin F CAGCAGATGTGGATCAGCAAGC K%l 61.9
B-actin R TGAAGTTGTTGGGCGTTTGG = 57.8
M, #% PrimeScript RT reagent Kit With gDNA ﬁ?’;];i“’%
v PR=] -, N [=]
Eraser Ut FHRAE R sk G A —5E ¢cDNA, 5 2 jgg - ggi
~ ——
A 28 Y E B PCR §7 4% 2 il SYBR Premix ExTaq i)t 2§ 600 4 control 400
NV 4 N o o e
BBEAT, P RT o 95°C 30 s; 95T 5 s, 58~ E 8 igg s
= .8
62°C ([R5 190 iR KGR AN [R])30 s, 39 M g g 300 gk A ETTTTTTTTTTATTTTTITL
I;95°C 10's. ARYRLFINMEY WK R, (i H 3L 5520
VR N g
DKL P 5 25 R S 8RR 100% . 5 3G R IT 5 g
== H A 8 09 ¢ 12 18 24 30 36 42 48 34 60 66 72

PERN P REF MR . SR 2724 Xt AR [
SRk AT AT

1.25 CA. GSEEEMNE 4 HIHEE . T, BH4l
4 FRIE(0.5~1 g), () « AAF(mL)1 @ 9 HAl
HIIAAFRER K, vKIRAIH, 4°C 444 FES0(4000 r/min,
15 min), W EIEWHR, HTEASE. CA. GS i
TG PER I E o CA TG PER A M)\ ] 1 il
1B 5095 (ELISA) K 1A 1) & (Fish CA ELISA Kit)illl
7€, GS PR B o A YA Rl R A B &
TSRS 50 G 52, FH Synergy HI B AR 52H
WeGAE, TR

2 ZEREHSW

21 WEMETmMERELTWL

k6 o/L B IA T, 72 h WA DR MmILT-Ah,
HoAth 25 21 52 96 S R BT M IR o Mk AR ER
Bl 3 T v, I v B L 2 T TR A B
B, BEEMAREER, ik E 28 B
Ja FEER#EE, Wha 6 h JaduE Tt 12 h i52Ek
, 2GS N Bl 24~72 h )5, &R 46
HERFAEARN R E AT, A& T HARKT(E 1),

H[E]/h time
B s e TR B e J R E B AR

Change of serum ammonia concentration of Nile tilapia
under carbonate alkalinity stress

22 WEMETEERERREALARHNRIETL
2.2.1 Rhcgl2 #£FE mRNA X RIET 6
FUE . Rhegl2 e PRUAH X 38 12 AR T v 2 3
I (P<0.05), B B IE] A9 HERS 2 B S A s
TRERA AL A, Ba)E 24 h kBl EE, e
BT BRI KT Y, Rhegl2 B PIARNT R IR
St B T v T A, B RS ()RS AR Ak 1) - 2,
VAT RAR IR B 2 (P>0.05)(# 2),

2.2.2 CA-5A £E mRNA gytExtREIT 6l
U, CA-54 FEPHAE T 36 1k 2 Bl 25 0% 1 7 v
i F, (B SE(P>0.05), 12 g/L. 4 g/L il)¥
JUHE T, CA-54 FEF A X 2% 15 2 Bl A a] () 445
BACHEOT-22; 6 /L BREEIMNA T, CA-54 FEF R
XA R IE IS TR, 7E 12 h k35K
EE, 5 T AL ] AU(P<0.05), B, B bR
FETHR CA-54 KL BRI Fk AR A 1. 35(P>0.05),
Wil 2 FsF [i] P 4 RS A X e 58 AR A -2 (] 3)

Fig. 1
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Fig. 2 Change of relative expression of Rhcgl2 gene of
Nile tilapia under carbonate alkalinity stress

Bars with the same superscript letters are not significantly

different (P>0.05), while those with different superscript
letters are significantly different (P<0.05).

2.2.3 CPS1EE mRNA pHEXI KX T,
CPS1 & [H 0 AH X 2% 35 1 B ek B 1% v ok 32 9
(P<0.05), BRI AR 2B TS R A 1L
e 24 h RikERPREE, EEEH FREER
FEIK o SEANE R, CPST 3 DR (AR 230k B et )
RS A B F AR (P>0.05), BEBIE 9 TH A BT
TheEr, B R P>0.05)(1& 4).

224 GS #EHE mRNA HHEXERZEL I,
B 25 T8 0 T, GS O FER AN kB B
(P<0.05), BEE RS, BRI LTHE TR

SRAAF: R R EL B AE X JE B B R £0 2 A Q5 IR 3R IR AR AR 1 5 1293
1ast o i gil
1351 o fif liver
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K3 BREE A T R B AR CA-54 FEIH B AR X

RIBKCEEAL

Pl e - B AR ] 5 R 22 5 AN .35 (P>0.05), ANIF]
FHH FRER B3 (P<0.05).
Fig. 3 Change of relative expression of CA-54 gene
of Nile tilapia under carbonate alkalinity stress
Bars with the same superscript letters are not significantly
different (P>0.05), while those with different superscript
letters are significantly different (P<0.05).

fbita#, 6 h ATAIX Rk E AR L V2%, RS TR
T, A5G 24 h Fak R AR . 8RR,
Bl B0 B TR, GS SRR AR X 0k i LR ER
35 (P>0.05), BEAERTEIHERS, GS AT R
KA T2 (K 5),

225 GLS2EE mRNA BT RIEITH G,
B BB B TH i, GLS2 KEDH AT Fihf Fi.
2 g/LBRSE I8 T, GLS2 IR il A 3¢ 1k i B ik 1]
HHERL AL L2 4 /L. 6 g/L ST,
GLS2 S PAEX B2 LTIHE TR



1294 [ K R R A %23 4%
- = 215,
X 3 145¢ N 2¢g/L o
T2 2gL 8 gill &2 195} o' kidney
% -2 135¢ o i liver 2 ,§ offf liver
bl Q2 n il gill
K B 125 ¥ kidney ﬁ .l o
I (="
24 ii = 5 155)
Z 215} -
= .z = 2135t d
WS 05 8
5= w @ 115 de e e
%E 95 Q% cfe cf [ X eee £ e [ g eee
95
O 0 2 4 6 1224 48 72 0 2 4 6 12 24 48 72
_ B} [E]/h time B ] /h time
L E 14 w4 gill < T a4
B T% | 4gL o fif liver ];\_ 2195t 0¥ kidney
8 R 81751 b Wi gill
K a [l
= ¥'125} #® &
;% > = 5 155
S 2
%%115- %gns- d |
= k-] de e de
EE’ 105} 13?'«‘:115 . sfe ef dcSde de| [£ de L8 ate
C& o5 ©8 il
O 0 2 4 6 12 24 48 T2 B0 2 4 6 12 24 48 72
If[E]/h time
= . —
NS n i gill -3 _
B Ls:’ 145 oJif liver S8 o k.ldney
% .S o'¥ kidn B g o i liver
) g 135 ey 53 w ] gill
K & be B ¢
3‘% EIZS ﬂg g
= cd >
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Fif8]/h time Fif [H]/h time
Bl 4 GREEMNAT RS PR CPST HN K Bl 5 GREEMNE T e S B R GS HE P AT
AHXF Rk KAk Tk KRR
P& R A R s 22 A8 B3 (P>0.05), AR =R FE b F R M [  Rs 22 3R B35 (P>0.05), RREIFHEE
R 25 5 1 3 (P<0.05). Frn 25 57 .35 (P<0.05).

Fig. 4 Change of relative expression of CPSI gene of Nile
tilapia under carbonate alkalinity stress
Bars with the same superscript letters are not significantly
different (P>0.05), while those with different superscript
letters are significantly different (P<0.05).

#, 24 h BHEABIR&EE. B, BEE T,
GLS2 FEA AR AR B3 FM(P<0.05), &
Bf[a] RS, GLS2 JE R AR 5 i S 3 LTt
Ja FRERESE 2 /L. 4 /L AT 24 h B A 2]
FfE, 6 g/L WA T 12 h kB E. i, piE
BB T, GLS2 JERAAXS Rk L, (H2E5R
ANEZE(P>0.05); Wi 72 h N, B A ] A HERS
GLS2 H: A WA X Rk =B b b B 22 (] 6)

2.3 MEMET CA 1 GSFEMTL

231 CAFEM B, CA I M:FEmRE B K
#F LIH(P<0.05). 2 g/L % T, Rl EHERAIL

Fig. 5 Change of relative expression of GS gene of Nile
tilapia under carbonate alkalinity stress
Bars with the same superscript letters are not significantly
different (P>0.05), while those with different superscript
letters are significantly different (P<0.05).

AL (P>0.05); 4 g/L. 6 g/L ZHFififsta] #E5%
B LT TR, 17F12~24 h4b CA TEHE
P (H, S ZEWT R K 7). TE
FUEh, CA TPk RS M T, (A2 A
2 (P>0.05), il B a] (R 4E RS AR b ) P22 .
232 GSiEtE HEAE, GS Ikl Y3
K EIH, EIHAR R EP>0.05), FEEHAIHER GS
AR 22, BB E . I, GS
TG 1 B Rl 11 38 R (R 3 1 R (P<0.05), B S [R] 119
et B LS TR E, B 24 h ik 35
EREERIE
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X E 215[ 4gL A time € 12 0 2 4 6 1.2 24 48 72
-\]i;. ~§ o | o kidney BfAl/h time
&g I 8 BRI TR ot T 42
25 NG A U P
% E 1351 e T o f . * RN 41 2 5 1 3 (P<0.05).
b :ﬁ 15l . & g d A de |, Fig. 8 Change of glutamine synthetase activity in liver
‘3 5 s i g = = - of Nile tilapia under carbonate alkalinity stresses
© 3 0 b 4 6 12 24 48 72 * means significantly different (P<0.05) among
i)/ time different groups.
= 5a1sf 6oL T .
S = D'% kidne oA
o & 195} off Tiver 3 itig
X § 175 + nfilfl gill
% el 3.1 A[E)RxER ER AR AT e ot I SR B 2R AL B 3 01
25 55l ATRFEFI, 50 HEAAR LG, B B 4o
S s| I 2 e AR AT 2 35 19 52 71 (P<0.05), HLBEH kiR
VJ Q AN e R 3 N
O3 %0 2 4 6 12 24 48 7 FhBRE Y T o T R, BEAE IR A RS S B B
T/ time THE T WA R, (EMAR 12 h AEE( .
o R R L e A3 ST PR EZ Ay NaHCO;,
iBIK-AE N Mo g 8
. 7 HCO;H BE 35 o FABT[B] PN, B
Pl o5 B 02 5 S 53 (P>0.05), AN 7 ‘iwﬁi 3m%?“j%1ﬂjm m?wmiﬁ%
FR 2 R (P<0.05). MR, K HCOs 3k A B ik, 54

Fig. 6 Change of relative expression of GLS2 gene of
Nile tilapia under carbonate alkalinity stress
Bars with the same superscript letters are not significantly
different (P>0.05), while those with different superscript
letters are significantly different (P<0.05).

o> BREE ALK cop Pk
T S 15.0 -2 g/L
RE=
E §145f —a—4glL
& 5140 >0 8L
£ 1401 i 1
# §13 S control e \
¥ Z130f > N
ﬁé S12s) == R N\
& §120 S TR BN
<) o
R e
WO =46 12 22 4 =n
B[E]/h time
B 7 BB T e Y Y AR MmERE S
Tk T2 IFF It 0% 2 A £k

* 4 (] 22 5 .35 (P<0.05).
Fig. 7 Change of carbonic anhydrase activity in gill of Nile
tilapia under carbonate alkalinity stresses

* means significantly different (P<0.05) among different groups.

R pH BTV, RNIRER-F- i B 0R; AN pH
HEE LT R H S s, BUE LA™ A
FUHEMESZ 20, AR R I e Y
ThiE, HCOs 2 W, BBk A S RN
HCOs i, NI &R FEACF Rz 42 .
TE 12 h Z Al AR R B ), B i I RS
12 h Zﬁm%%ﬁ%@?ﬁ%%ﬁiim%%m?, %%
e % Bt HAT — 3 W B B 1 N fiE T,

LNTEOR T R SRR VIR R ﬁxﬁlﬂﬁﬁkﬁﬂm

=t A EL

2 o

TE 6 g/LBHEE AT, JE % B HE i 2k B i
A AR 728.33 pmol/L, TEMLHRE A GRERFE
A0l MBOLIHS . WA EEX P
Ak it ER AR R REHEA T AL AT, PR iR & B,
TE 6 /L A2 b0 S Helk
Yy Je B B Ak, TEIE G R e AT 52
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MBI R 6 g/L, IMLZM 329 A 730 pmol/L £ 47 .
3.2 A ERERETEMMEXT ZFERE mRNA RiZT
A A

5RoK A Fe A, 5 A3 RTE 45 414U i A X

A B A PR R B 114 T e 2 AN R A B A,

I 485 SR a0 T A 4 9 S R TR i 7 SR
AN Pk SR — 2P 3 B R SR IR A A R L
S, Rhegl2 FEAEMPEIK, C4-54. GS. CPSI
FEAENFFRIL, GLS2 FEAEE . #rhEk,

Rhegl2 B FLAEMI RN, HARX RIA
B TR S Mk 32 1 T v T L M (P<0.05), B
BRI HER, AR IR ERESE L TE, 76 12 h B E
ZIF IR B3 LI (P<0.05), W5 24 h ik $IE(E,
B SR, AR, e B R i E ik
£ 12 h ALk BIWE(E J5 TP IR T %, 456 Rhegl2 3L
(R R AR Ak, I G RH Lk T i g B Y Ak 2k
ETE, M &R E T AT RER, Rhcgl2 %
Rk s N, PN ES5 TS %
It i 2 Y R . Mak 224 Maloiy 25 HF5E
KM, 0% Rheg FH & NH; 1 FEHKIiziEE;
Wright 251291 Rodela 25270157 & B, 175 5006 fa
(Opsanus beta)7r 32 2| P8 Z4F T Al 55 RA
FERIERIL, BN Rh S A A, BRI ik
Hh HEMAETLE W18 R, Rhegl2 N B 5T B %
3 fa B R BT 38 R JE T R

CA-54 FEH ETAE BT 33k, MXF IR
Bl R B T R, (AR R 2E BN
(P>0.05); K& AHERS, 752 g/L. 4 g/L T8JE
TR, 76 6 g/L B T 256 LT TR
HF, 12 h Ik B (P<0.05), M 3 AR B iy
BT CA-54 FHMRIRBME, CA-54 FH ] {E
S5 T @RI N T . CA-SA & —JLbiik
P B TR I B, B T, AT S 5
ANMLACI . PR IR0 S A A PR B
T CA-5A [M42 5 P F AE AR EHE T .

CPS1 FEPRIAE I v %) A X6 32 1k 2 I el 7 4
THE 2 FH(P<0.05), I AHER % EIHE T
K, 24 hakB(E, FIE NIEARL2E R B (P<0.05);
FESEATE AR BEAT B AR (P>0.05), CPST $&[H
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Change in ammonia metabolism gene expression of Oreochromis
niloticus under the stress of high carbonate alkalinity

WU Junwei, ZHAO Jinliang, ZHAO Yan, LUO Mingkun, WANG Yan, ZHAO Yonghua

Key Laboratory of Freshwater Fisheries Germplasm Resource, Ministry of Agriculture; Shanghai Ocean University,
Shanghai 201306, China

Abstract: We investigated the ammonia metabolism pathway of Oreochromis niloticu after acute carbonate alka-
linity gradient stresses, and studied several ammonia metabolism-related genes: glutamine synthetase (GS), car-
bonic anhydrase 5A(CA-54), glutaminase 2(GLS2), carbamyl phosphate synthetase 1(CPS1) and ammonium
transporter Rh type C-2 like (Rhcgl2); serum ammonia concentration; gene expression; and enzyme activity. The
serum ammonia concentration increased as the carbonate alkalinity gradient rose, and showed a trend to increase
and then decrease, with the greatest at 12 h. Ammonia metabolism-related genes in different tissues were up regu-
lated to various degrees after different alkalinity stresses. The expression change trends showed an increase and
then a decrease over time; their expression increased significantly at 12-24 h, then recovered gradually to stable
levels. Rhcgl2 was mainly expressed in the gill; CA-54, GS and CPS] were mainly expressed in the liver; and
GLS2 was mainly expressed in the kidney and gill. Enzyme activity results showed that CA and GS activities in-
creased along with increased alkalinity, and that CA acted most significantly in the gill and GS in the liver. Over-
all, the results showed that carbonate alkalinity stress can result in the raising of serum ammonia concentrations,
and that ammonia metabolism-related genes in the gill, liver and kidney played different roles in adjusting to am-
monia metabolism: excreting the ammonia directly in the gill, producing glutamine and urea in the liver, and de-
creasing the serum ammonia concentration.

Key words: Oreochromis niloticus; carbonate alkalinity stress; serum ammonia concentration; ammonia metabo-
lism genes; enzyme activity
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