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(1. bRy K S Ebe, B 2013065 2. P EK P BRARE 5B R e A IEFE T ROK (02 F FhE 5
il TR S, BRIEVT WR/REE 1500705 3. RIEHEFFERY: K-S, 107 K 116023)

W OB NIRRT 157 M R AR ok B RC EQAHE Y 101 (Leuciscus waleckii , B 7% ) F1 35 $5 45 /K
ST AR B A0 (Leuciscus idus , SCAS) B TR B8 P E , % 3 Fh 3286 40 0647 T 1 7 d A9 50 mmol/T. NaHCO, i
JEE 0 S, IEXE S 55 TR T QA T e BB A G Y LA A B A B R I A (R R Ak AT
TS . S5 LB, B M SR A i B A 6 4L SR AR -1 ATP i (NKA) T5 1 B HL 3 D 3R 0k de
(ATPase ol -like Fl ATPase o3) 34 s F 4238 Flr, Wb 35 1 T ACAS 5 LT3 it 98 2 il C AKCP ) 9% ek % L M i PR 5 38
it Calpl) Y% 0 AR T HAB I b 00, 26 DEE A 1T B ook AKP 2R AL VR, 45 NKA B 5 P, 25 i
BT AYBE IR . A SCFE bR AL & B, B AR (19 1 20 (Amon ) B2 JR 3 & (BUN) 75 = M i i 35 I T 3
by A A T 003 A 2 R I SURE (GDH) A Z BEIG & B (GS) |, LA R B8 AH G SE R 35 1 (glud \glul . Rhbg
Rheg) KB40 T A4 28 Fir, 249 0 2 v A0 A, 32 BH BEASIE 33 5 B a2 i LA ) LA B 4 v 445 s B U Td MR 1Y
R THFER N AR . 28 LTI, 3k 80 A BEAE Ar 55 RE AR (04 TR B0 B 0 35 A0 G, FLAC I L 4 T HiaRae
TR 157 ARWFFELE R Ty 10T P BE 1 255 PR SR A T BRI AR , k20 00 T B0 i i & B R

Filt o i BE5E T AR LA

KB D M JR SR MFRIERE s Bl a1y s 2R

FESES: S962.3 XHERARERD: A

e A (R R UK B ZY 4.6x107 hm?, 24 4 42
FEIAE T AR 55% , T2 53 A T 2R AL AEE T
JAE Rl SR X R R K A
e BRI ER BHURE e pHL | F2 2888 1~ LU ) e Al K 28
T 2 S5 BRAL R R, 003 A T N IR A
T2, 25 K7 FR bl ok BORRY 2 551 2%, R A
AR AR AT A TR RS Sk
TEW, “LAUBIA TR 2 T A A IR K B0 A R0&
ez —" AR E S A, i T LA
T % ER (Litopenaeus vannamei) . B B [ UF
(Exopalaemon carinicauda) . 4 78 5 B (Scylla
paramamosain) . J& ¥ % dE fii (Oreochromis
mossambicus ) 5§ -1 4R i BRI B K 1A (B
J& <10 mmol/L) 3 58 WY i IR AKFH, Hor Jg 2 4k
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D g A A e 157, JF R NaHCO, 2 238
¢ ¥ (Half-lethal concentration, LCy,) A=K M AILIA
il JB AR HEAT R DGR S H R B
T RER AEUG FCT BT RE 09 PE A i Bk = R G 0F
Fo

T, 32 A NaHCO, 2 BTk B 1R i
FEMI G HE ST P HE bR > I AR R Bl [
A 2 o) Ao 2T B A B AL AR T
G BOR B 22 5 S £h 5801 REAH OC 19 2F B
B K DR e e AR o b, - 4 ATP il
(Na"/K*-ATPase, NKA, EC 3. 6. 3. 9) i £ & H I
PRI 3 35 i WA Ry o #8208 08 3 U 1 B O Y AR
Pt R A TR RO IR AE 2 £ S 20 21 NKA Bl 17
B G HE RL 3R 3k & 3 TS s BT o R
(Alkaline phosphatase, AKP,EC 3. 1. 3. 1) 2
B S e HILRE RN AR 1) EE B2 46 b, > fu k32
1) ER A bl 301 5, f R AKP 5 I 3PE T e
MR 2R 5 R T 52 ) 5 3 A OG
= B 38 6 ( Carassius auratus ) 8T A 1) 2
A TS RN R S
(Glutamate dehydrogenase, GDH, EC 1. 4. 1. 2) 0
A Bk WA B (Glutamine synthetase, GS, EC
6. 3. 1. 2) Ml DL K 2 55 iz B 1 Rh 2k Pk f A
Je B % Ak 4l F W AR B (Gymnocypris
przewalskii) " FLICHER 46,2 SEGMM0 T 0
FERE.

WS B AT X 2 0 e s fe O e 1457
WU 70 AR [R5k B A BT B9 DG B 1L ¥ A= R4
P B T 07 5 PR 2 3k 1 B0 R AT FE AL 9T, R T
“HETe 15 B RE S R A E R OISR R
KOoRuAET SRS AR TR 46

1 MRS IE

1.1 XBEKFEREE

M (0 AR M e 157 SRR S
IK =R 2R 5T e 2R R VT K =B 53 B 0T 2 3K 50 3
[ A 28 0= At i) % 28 3 s i fafp . AL
Povb A et RN — & I RCR , T ) 4
LRI 157 e HRGES 60 B, Hop <A R 1
SRR TR N (41.09 = 3.67) g, SEEAK K
(13.26 + 0.87) cm; BEAS 18 HLI FC CQHERS f0F- 2 {4
i f R (27.82 + 3.34) o, FHIR K H (1313 +
1.85) em; ACA S (A 2 A1 S XA R S i A (34.92 +
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2.98)g, FIAEK A (1311 = 1.14) em. & S0k X
3P S0 A iz v K R AR ST B R R TTK
FERIESE T N 3 AR S AT K %A (177.8 em X
57.5 cm X 35.5 em) B 7 1A, B KA, Tt
B AR, T MK B, KR A (17.50 +0.24)°C,
pH 4 7.62 + 0.34(pH 400 {E #% 3 pH 3, b1 7ifi 3
A A B R, % i 4 R (7.66 + 0.11) mg/L
(AZ 8371, i iR 2k A7 FR A Al ) L 2 & 0 (0.53+
0.27) mg/L(U-T6 £ 4M nl WL KOG BE T, Iz % X
), 2R 4(0.10 £ 0.05)/L(LS10T £ EE i, )M
BRI FRHABRA R 5884 (0.46+0.04)mmol/
L(0.02 mmol/L #h B2 1% & A5 42 ) , SE U0 T 48 h {5
Ixidi
1.2 NaHCO,# & i 3£58

DL 1A% 35 BLHIHUEE 50 mmol/L g it B4, &
T B FC e 2 o Bl /K b ot Bl 32 Foip 36 14 AS () 24 L g
I (d1 BN -dS5 T IR RS 20 -d7 38 i g ) I g
SIS PSR FH NaHCO, (20 M4t , Ryl 1k
2R AT BR 2 7)) 7E 200 LK iE4E (1778 em X
57.5 ¢cm x 35.5 cm) B & 50 mmol/L A% 5 P 7K 14
WS ERE 24 he A 3 Fh et 4% 15 BT 7 d
A IME SESG . SCE I RN KRG, i 2
PRFF TR, I LA R T e A B P AR AR A T 172
AR B AR B ik R o KRS (17.00 +
0.50)°C,pH N 9.17 + 0.24, &5 4 (7.46+0.18)mg/
L, 58 4 (3.50 + 0.05) mg/L, B J¥ 4 (51.20 + 2.79)
mmol/L. SEH5E 3 FATH1 1 IR AKX IR
1.3 HERESHE

BN E 7 d J5ORAEARE S o 3 Fh LG M 45 L9
F (3 417, n=9) , H 100 mg/L 1) MS-222
(Pharmaq, 9 [# ) BREEZ) 30 s, 2T 4K, FREE 05
J&i 2 mL 3 252 DR Dk 22 18 R 1L 24 0.5 mL,
BT REBE LS T, 4 CHE 5, A 3500
min #5015 min, 4385 L2 M5 )5 7% & T -80 Cfik
T UK AR PR A7, T 5 2 OC B A= AR PR U 2 o A
R, SR B4 2% S 6 110 8 4 20 0 A VR R A
B3 %% )5, T80 CARIGRVKAGIR-AT , FH T )5 Se TG
D TN L R 1 ekt 9
1.4 HRUE
1401 I¥E QA BRAR AR

R A R0 6 10 B (R ot i R B A R A
AR 43 T LI R B o R il (AKP) |
A 2R I = (GDH) 4 2 I Rl & WL (GS) IR
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% A (BUN) Al it 2 (Amon) ¥ 17 I %€ , F F Bio-
Tek Synergy2 £ L1 REMEF5 {X (Bio-Tech, &) 6
UG IO 8 S B A
1.4.2  HEZZT NKA BEEE

B S 20 2, o o PR LS e o e s KRR (g/
mL) =1/9 it A AR B AR K, vk R F 213K e
4 °C,2 500 r/min B0 10 min 5 3845 b1,
A PEER K 10 A5 5 FE L I NKA G . A4 NKA
Pt 5 0 ) 6 100 W AS (R  l ORH A BR A

A, B at) , i FH Bio-Tek Synergy2 22 31 fi fifi b 1%
M5, [a] Bk Bradford 328751 (Rg 58 2 AR A BR
o] R ) D B R EE
1. 4.3 SCERA R HRG N EE R B IR 5 | i i
R4l FC I Ak 2 7 S 4 i, 4o i) B
AKP(alpl) .GDH(glud) .GS(glul) NKA(ATPase al-
like F ATPase «3) Lk } 54 ¥ iz 5 11 (Rhbg
Rhegl) ZEFE P [F) cDNA JEA1, BT H T e 25|
W, 5195 BE IR 1.

#1 RT-qPCREFEEERIESIMER
Tab.1 Primer information for real-time quantitative PCR

B SIMFAIGs - 3") 1B KRLEE P

Gene Sequence of primers Tm/C Product size/bp
F: CCTGATTTCTGGAAGGGCTG

alpl 60 137

R: CGTGCTGCTGTGACCGTAGA

F: GCTCAGTGTGATATCCTCATCC
glud 60 217
R: CCATTAGCACCCTCAGCAATA

F: CTGTGGAGTTGGAGCAGATAAA
glul 60 243
R: ACAGATCATCACACCAGCATAG

F: GCTCTGCTACTTGGTCTG
ATPase al-like 55 249
R: TGGTATTCTTGTGGACTGAG

F: TCGGACAAGACTGGAACA
ATPase o3 55 239
R: CGGACTCAGAAGCATCAC

F: ATGCAGGGCTTTTTCCACGG
Rhbg 60 191
R: TGGATCCGCCAGCATCATTG

F: TTCCTCTGGATGTTCTGGCC
Rhegl 60 154
R: CCAGTTTTCCCTTCTTGGCA
F: GGAGGTTCGAAGACGATCAG
188 60 183
R: GTGAGGTTTCCCGTTGAG

1.4.4 S ZURNA 2 B SC I 2¢ 5t %E it PCR
(RT-gPCR)

PRI TR A AE—-80 “CUKAF Y 8 20 21 1Y I oy
AR ARIE RNA £ B 55 & U B 45 (Promega, 32
=) $2 B RNA , | H Nanodrop 8000 4366 B 1
(Thermo Scientific, 5 & ) I W B, 1 %3 s bH ¢
JEEHL DK DA L SE B

% B8 Prime Script RT reagent Kit with gDNA
Eraser I 5% 5 1) & (TaKaRa, K% ) vi B 45 ) 5%
T AEE cDNA L L 18S g S JEH, FiI ] ABI
7500 Fast Real-Time PCR (Applied Biosystems, 9¢
[ ) AT 52 B 2 6 5 B PCRAR M, PCR B FJ7
A95°C30s; 95°C55,60 C 34 s, 40
¢ J595°C 155,60 C 1 min,95C15s,
1.5 HiEshE

MLV OB A BRAE bR s LA 92 9 20 55 00 R

AT G B 9 B B R FH 27k i
FFRIBAEHOTH . R SPSS 19.0 ME 47 B 5
% 43 B (One-Way ANOVA) , F] FH #5c /N — 3 ¥
(LSD) #F 17 /i Fp (0] 25 5 @ MK 56, A H
GraphPad Prism 9 2 ifill £, & A v 15 B9~ 208 AR
B RTRERTE X

2 ZERE55Hr

2.1 ZXMEBREIGESRALNKARETSER
RIEERDW

A A S 6 4 A R A 22 {E T LU
50 mmol/L A% & 38 5 350 3 Fl 52 46 £ NKA g 1
TR, o REA NKA BT B, 2458 ik 2,
SRR 5 BEAR 5 AR Z [ A7 1 1 35 22 57 (P<
0.05, &l 1a) , M« Fh 5 EEAR Z 0] Jo I d 22 5% 5
[F)#REHE , NKA o W.3E ATPase al—like A1 ATPase a3
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SR 3L B e R B B RS —  H =B e B 2257 (P<0.001, K 1b, 1c)
B, AR A SRR ey, AR SC PP IR 2, SR eI

%k Kok *okok

1.5¢ e 150 ¢ TR 80 wkkk kkokk
*
ﬂg o ———— | _—'; 1
i~ g S 100 . g% 60 —
=) < 7] =4
; 380l = £E8 50 L
ﬁ % 1.0 q a, Fog =
Hew % T 1.9 20¢
): ~ L - L
= T S ss 10, & % $ g
=% S88 gl o2&
E2Z 057 = TE9 s o 6
L= E ==& 6t o
& = S = 4l a8 4
® 2 % &g
g 2t < T 2
0 . . . < 0 —1 R R R 0 1 . . .
@,&& ‘)&& %b f?\ @,&& ‘)&& %b f&\, %f&&, ‘)&& %b
S S ﬁ/\, ’-@50 PR S N 4;50 O Qﬁ’\/
"s° &R go&’ é" <& TER go*’ &5 <& TR %Q&
o o A NI A ANV NP A
"N "N "N "N "N "
QQJ& R QQ‘& RS <¢°(o @
(a) NKARGTE (b) ATPase al-likeMiNtRirE (c) ATPase a3HAXIFIEE
NKA enzyme activity Relative expression Relative expression
of ATPase al-like of ATPase a3

NKA T Ay 9236 2155 X6 BRZH 220 s 105 T] B ARIC Y 7 SRR AN Rl i 22 5 1 35 (P<0. 05) , o1 ot SRR [ o i) 22 S . 38 (P<
0.001,P<0.000 1)

NKA activity is denoted as the difference between the experimental group and the control group. Marked “*” on the histogram indicates
significant differences between species (P<0.05), “*#¥%” and “###+” indicate highly significant differences between species (P< 0.001, P<
0.000 1).

Bl WEME TR R E N RER AL NKA BiE K ATPase al-like F1 ATPase a3 RiZBE
Fig.1 Changes of NKA enzyme activity and mRNA expression of ATPase al-like and ATPase a3 in the gills of
hybrids and their parents under alkalinity stress

2.2 ZEXMEBHEIEMEBAKPEEREERE A2 glud Ml glul LRI B E , HA glud FEH

AN ERRIEDH KREBERTOR, gl BHNE AR EEET
I S A O B 2 E AT LB, ACA(P<0.05, B 3) , 1) i 3 T 4RSS (P<0.01,

50 mmol/L Bl B 360§ 2 3 AP s ue 6 AKP B K 3¢,3d),

FTbE, Hoh AR AKP BG e i, 2058 Fhik 2z, B 2.4 ZXHMEBRHENENFERSERRLER

REAL ARG OAR R B AR &% ERALANERRESN

5t (P<0.000 1, &l 2a) , XA 5358 Fh 0 i 2% 2= 285287 d 50 mmol/L B £ 381 , 1L 775 2518 53 A

5o [AIREML , AKP XF R SE ] alpl 7 3 FP SR MR R 24 58 R B HOBUE I3 Hh i 2 B 2 B 2 T

e RAAH GG BB AR ER & PR S R, ARz BEA R, B

BRI AL, H =& AR B S EAAEN 2R (P<0.000 1, & 4a) ; FH A

2% 5 (P<0.000 1, 2b) H BB a0 T 3 AL IRt VS IR R A S E A

2.3 ZXFMRENFEMFEGDHFAMGSEERE  rlhn, Hrp AN £, H 58 AR MAS s
EFEASRARANERRIESH TEME % 22 5 (P<0.001, K 4b)

50 mmol/L B il T , 3 Fh 5256 £ () GDH Al B HIEIE N Rhbg F1 Rheg 1 R E 20K

GS YA AR RE AN, Horp BEAC X PR 25 SR R, RS 3 Fhacb fa i i & & 5

Jifg 1% o B M 0 S T AR I 24 a8 A (P<0.01, B 3 A OG (P<0.01, [l 4) , BIREAR 1L 35 2075 i

A~

3a,3b), MG & LR EER., POLEREPCR (K, Rhbg Ml Rhegl ik AN & , XA M IE R S
K 52715 , GDH FIT GS Xof [ F PRI 7E 3 Ff 512565 £ vp i) it 5 , Rhbg 1 Rheg1 F& R 238 f 1K, 2938 Fi,
e IR B R B AR — 2, BIREAS HER SRR FRAEIAN T —EZE(F4),
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(a) AKP BT {4

AKP enzyme activity

KKK

Xk %k XKk

—_
o
d

—
l

alp]l mRNA FINREER

alpl mRNA relative expression

(b) alpl HXTRZER

alpl relative expression

AKP B RS2 g 4 SRR 228 . 7 BB ARIC I s FoR R R Ff ) 22 534 8 2 (P<0. 000 1) 6

AKP activity is denoted as the difference between the experimental group and the control group. Marked “##¥*” on the histogram indicates

highly significant differences between species (P<0.000 1),

B2 WEME THRIMEENFENLEAKPEFERBEAR apl RIZETK
Fig.2 Changes of AKP enzyme activity in serum and mRNA expression of alpl in the gills of hybrid and its parents
under alkalinity stress

3 i
3.1 WENESERETHEENESEER
Rl EA

B8 2 28U SR 0 2SR A PN A0 5 R T A
AEFFUARIE T sC ey AR T . BB R Lk
B AR & AL 41 (Mitochondria-rich cells, MRC), X
FRES T ANM , 522 1 W WSOR 23 WA 18 322237 o, 1l
b e o S FThRE, 2 5 B iE s
1A B A FRAR S B 4 FF AL 22 NKAJE )
120 A TEAILAA P A= ) STl % e 1 — b A 1 5
B ARG DI RE  BE 1L ATP K iR fiEBE , 9K
By Na® 1K 290 1 R 4 000 £74) o 1] 3 i , o 24 45 440
JL 7 TF A= BT RE DA S 20 i N PR Y RS E A
WO EZ A PEA . R, NKA Bi#g 32 5 e &
T 3 R A DA SRy 2 A A £ S R Y] 7 O A
HB i T RE S M AT SRR AR Mg AR
J7 R A R 2 B 05 4 i B NKA T P &
FHE R 3R IR T 1 o O BE A 32 v Gk B
FU R HE X 0 5 AT A FE I R B 4F 4—5 i
Ui BRI 7 91, B S 3R 1] 3] 3k B 40 1 A=
o, LA = 200 0w B 3% R RE Y . T
A58 B, e O 38 T K BLI B ICHE 2 £ NKA
il 1 Ko DR IR i X W 3 R T ARV IR K B

PR AR FE0KG 3 P 5258 0 IR K AR A B 5%
ABE K 5B I8, TR RR & B NKA 75 A2 [N 3%
N B E TR (AR A TS B B O P d
1o, ARSI 2, ACA I AL, R W 2 A8 P A A b
AL T Ik BB ECAE 2 0 A 95 35 TR R T
s

BN IR 5 PR A G R BB
HHEBYIR S FR PR i s B A 2 0 2
12 W 1) — b B 22 B, IR A AR AR ARt iR
S A 25 1) A EDR B0 AN AL R A9 BE 2R B
B PR T A KPS R AR it 1) — )32 S A E
JRAZ AV EAZ AN M, BEAE AR BRI A5 1 B ant
MR HE 1 IR S AT 0 W 1R L 1A, At b Wl 152 PR 1 K
fif >t o WREE B0, AKP S A= 9% 10 0 T 2 A
Jilg, 2R A — BE P G v AL R R A Y
AEIBRAE s IEARR R M A o R i
5 AKP 7 2 AT 32 7 0 53 b7 2 2, )
T B A7 36 AR Y AKP 5 1 I 3 3 TR T2 A
hy AKP ] UAE S £ 28 1iid 86 BE 7 ) — A~ 21 2 1Y)
TG bR o ASBFST A B, A b A S S 2 2 58
b Ko U L3 AKP B 15 S B8 alpl 55 R 33k &
W2 5 25 58 (P<0.000 1, & 2) , %W AKP 5 112
B R B REAF DG o AL X b 2 58 ol B HE BSR4
1% Tl 3% RS R R GR R, BEAS IR BLI B [T
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eSS 0 1Y) AKP [l 1 S JE PR 2 iR i B f 51K T T EL LG HE R 0 1 NKA B % o 2% = TR R 2428
AL i AR HE X RN 2% 22 B (P<0.000 1, 81 2) , 3X A, PRk, FRATHE DU 25 B9 PO LG AE % £4mT R 4o
5K SRR AR A RIS A SR AL, B WS AKP SBERR AL VR, 4R NKA 36 M, 3 5 H
1 B R 30 T Ak LI B LCOHE 2 fa LTS AKP 75 i TEBR 7K RS 0938 325 5 98 15 5E J1 , [R) B 9 #E 7= A
PR T HIRAK B RSOE M. AR LU, (Y B B T H A A B A DA I IO i B P 5
AKP {1k 1 25 B 18 Ak S0, AT LA dnd 35 4 v i LR RS AR AR R R 2 B
(Callinectes sapidus) ™" F1 o #)s F (Spermophilus JE 38 K AKP BT S T = 5 SRR 45 e —
lateralis) " (/) NKA {1 . 455 AL H 8B Hm.

EE LT

4 ¥ 0. 15 % % ok ok
—
@~ — T
% % 'é * %k (@ %%\
3§ e 3¢t 3 8
#H 8.5 T g & 0.10
5 S BES
Kt —
23, /7 g
o E 4123
Q- R
§ RS I § R50.05¢
P + > 1 T M 3 o
&2z RASTR I N
TR 3
0 . 0 .
gi&& ,‘)&&, %b g,)&& ,‘)&& ,ﬁﬁgb
&Q)Q &Q)Q ’%‘ \0,(/'\/ ‘§®Q &Q)Q ,%_ \0,(/\/
I S . 2 N 2
" "\ N ~
Q?)&D *‘b Q@be §fb-
(a) GDHEEVEME: (b) GSEEWEHE
GDH enzyme activity GS enzyme activity
*%
=157 * =157 *
=} (e}
N =
W g il ] i 8 miE2
H e ﬁ S
#® S10 s10}
® o [
%3 E 3
o S
E] ~ 5t g = 5
3 E
3% 3%
3 3
E 0 . . g ® oLr—
%\&\, %)&x, ,—)&& %b 4%\&\, %&& ,—)&& %b
S @Q’%ﬁg@’ & ST R
RO & RS & F %S
&’Q) &g; &’Q) Q}g;
QQ' * QQ'Q %
(c) gludiXfFTIEE (d) glultBXRILE
glud relative expression glul relative expression

GDH F1 GS BT o SEI 2 5 X AT 22 (8 . 7 181 L ARIC Y 7 FOR AN ] RIA] 28 5 035 (P<0. 05) , e | oo ] o AN [l i 7] 22
S d 3 (P<0. 01, P<0. 001, P<0.000 1)

GDH and GS activities are denoted as the difference between the experimental group and the control group. Marked “*” on the histogram
indicates significant differences between species (P<0.05), “#*#*” and “##%*” indicate highly significant differences between species (P<
0.01, P<0.001, P<0.000 1).

B3 mWEMETFHIZMEREINFEME GDH GS BgiE R EBA RN glud Fl glul RIZETWK
Fig.3 Changes of GDH and GS enzyme activities in serum and expression of glud and glul in the gills of hybrid and
its parents under alkalinity stress
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% %k k %k
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=) ok ok ok = KKK *kK
< <
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S 5 400 o
=2 2 L5}
© i
ﬂ — _ 41—
w % B ELOf
g £ | I
I3 L
g 5 0.5
~ (o]
© =
©n =}
ST e e & P g e &
PO i & TS
I I A
~ ~ ~ N
({Q)& R\ ({Q)& RS
(a) Amons & (b) BUNZ &
Amon content BUN content
%k k Xk
o 150 kKK g 47 *%
.g -
mﬂ % 100 ok ok ok —— lﬂlﬂﬂ'l g kKK * %k kk
X & e ;§ g3 -
i 8 50 ° i il
E: = E
=2 ] B
+ © 2t
= ,ﬁ 5r = T‘o
28 4 ge
= — <
SE 3 $E 1t
S = 2 I § —
£ 1} ] g ‘ \
k 0 I I I a @ 0 I L L )
> - & -
& & &R & & F
AP N2AR
{{Q)@fo ¥ <¢°®{b RYS
(c) Rhbg MM RIER (d) Rhcg L HIXIRIAER
Rhbg relative expression Rhcglrelative expression
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Fig.4 Changes of ammonia nitrogen content in serum and mRNA expression of RA in the gills of hybrid and its
parents under alkalinity stress
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A comparative study on physiological indexes related to alkali resistance of
Leuciscus hybrid and its parents

LI Wen'?, AIKEDA - Reheman >, ZOU Yuting"?, HUANG Jing’, ZHANG Limin®>, CHANG Yumei®

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National and Local Joint
Engineering Laboratory for Freshwater Fish Breeding, Heilongjiang River Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Harbin 150070, Heilongjiang, China; 3. College of Fisheries and Life Sciences, Dalian Ocean University,
Dalian 116023, Liaoning, China)

Abstract: To investigate the alkali resistance of the hybrid of Leuciscus and its parent Leuciscus waleckii
(female parent) and Leuciscus idus (male parent) of the Irtysh River in Xinjiang, the alkalinity stress
experiment of 50 mmol/L. NaHCO, was carried out on three experimental fish for 7 days. Several physiological
indexes and corresponding gene expressions involving osmotic pressure regulation and ammonia metabolism
and significantly related to alkali resistance were compared and studied. The results showed that the Na'/
K" ATPase (NKA) activity and gene expression (ATPase al—like and ATPase a3) of the gill tissues of the
female parent with strong alkali resistance were higher than those of hybrids, and significantly higher than
those of the male parent. The serum alkaline phosphatase (AKP) activity and the gene expression amount
(alpl) of gill tissue were significantly lower than those of the other two fish, indicating that the female parent
may regulate NKA enzyme activity through AKP dephosphorylation and participate in osmotic pressure
regulation under high alkaline stress. The detection of ammonia metabolism related indexes showed that the
blood ammonia (Amon) and urea nitrogen (BUN) contents of the female parent were extremely significantly
lower than those of the other two fish, while the serum glutamate dehydrogenase (GDH) and glutamine
synthetase (GS), as well as the expression of related genes in the gill tissue (glud, glul, Rhbg and Rhegl)
were mostly higher than those of hybrids, and significantly higher than those of the male parent, indicating
that the female parent consumed ammonia in the body by synthesizing ammonia intermediate metabolites and
increasing the activity of ammonia transporters. In summary, these physiological indexes were significantly
related to the female parent’s strong alkali resistance, and were well inherited to its hybrid offspring. The
results of this study provide a theoretical basis for the comprehensive evaluation of the alkali resistance of
fish, and lay a working foundation for the selection and breeding of new varieties of alkali resistance and the
declaration of improved varieties of Leuciscus.

Key words: Leuciscus; hybrids; alkali resistance; osmotic pressure regulation; ammonia metabolism
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