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1M 78 A 5 25 F % % (Rhesus (RA) blood groupa-
ssociated glycoprotein family) 2 4 Ff Rh £ H(Rhag,
Rhbg, Rhegl, Rheg2) e (i &M 2S5 27 Rh
AP o R R E B AER
R E N Ut SRR, i DURBOE AN E
JEHE O UTAE R, AT BB O T A0 A B B
R ) HE RIS ARG, e 3 % A fa
(Alcolapia grahami)'? . BE S ta(Danio rerio)l'™ ., ik
HLHIHES 0 (Leuciscus waleckiin)™ . 75 i 44 i 20)
G, WA EE PR T SN0 R AR 1 BUE W
HEME SRS, a0 28 B A ) CRF 2 5 72 IR R B,
GHLRR) . FEE SRR R e I A7 R
R H TG TR 0% P R i A 40 A
Wang 2P0 A BF 53 1 7 U ) 4 8 SRSl 0
SCEEAE AR YR 7 T E T W K FTRL K b R
£ 36 h WA KR AR, K IHIKHR
I 7SI 6 B 1 N 30T 7K 2 2 R HE I S 2 AL,
KT HREETETRNE PR T ZUE Wy HE M i) /M2 B
PUHIA Re e — 2058 . A0 2 2 A CHE I 52 2140 )
F TR AR R A, R AR B 5 3 i
e B IR 38 A 5 R IR AE T B S5 1 U ) HE i
Bl

FE TR A g 1R R B R M 0 > BT R Y
52, A S ok 15 S [ B PR R BRUEE, O R
B AN ) B 55 30 B AS (] Jitp A sf ) 4 B 1 U )
Het A A (R AR A PRR AR ) 5l gES
55 R Wy HE Y 5L PR 2 TR DL AT R 3 AT, il
P I P AR A vy B 5 v 1) R0 00 T R % 3
FHLAL, AR T S SR ML ] AR 2 A i

1 #MHEFE

1.1 SEIGH A

A3 T vl )RR B 4Ty 10 FR 7 1 ) AR BRI T o0
PR, SLEIFMATESENE IR 1 DAL, B
MR R AR R PIIR, B AR E 1 5%,
KAk, ARl 877 K i ik H R K OTRE
AC/KDF150-1-300), pH (7.63+0.05), &/ (17.0+0.5)C,
H#44(9.14+0.03) mg/L, 2 %(0.01£0.01) mmol/L, 5Z
e R /N—30, (R H(1.39+£0.09) g. KK N
(5.12+0.07) cm AYfEFELN 0, SCEGHT 48 h 45 1EFE

12 SKEFHE

1.2.1 WRERELWEIZE AR IR A 1
(PERGAWRARAEAT 4~7 H T 00 21 1 /K Tl 1,
SE 8 IR B 5, SR A S WEAL S 2 A R 2
YRI5 I K B (32 mmol/L) S R A,
ZPEMa SR AE R (FERRE 64 mmol/L /KRB,
BEL 96 h NEILEIE RN 100%)2, SCg6is e T
32 mmol/L (CA32)#l 64 mmol/L (CA64) 2 KR
ER B L AN — IR K IR (FE 1), SE56 FK IR
Miduk AskoK, H Na,COs (AR)HI NaHCOs (AR)
i LU A9 e 1) BSORE I BB, A R IR ARE 24 h
i, SEg R U pH MR IR ER % . pH
7E K DELTA320 #0K5% pH 1H(METTLER TO-
LEDO), ik B %k i3 00 1 SR FH BB 52 15124

F1 MgEE5ENAIEEE
Tab.1 Designed and measured alkalinity
n=9; x £ SD; mmol/L

AN
BN pH 434 group
alkalinity and pH AL CA32 CA64
control
B T
B2 LA 0.00 32.00 64.00

designed carbonate alkalinity
B S IE
measured carbonate alkalinity

pH 8.04+0.12

1.50+0.05 31.42+0.38 60.12+0.42

9.51£0.09 9.60+0.21

H: CA32 /R 32 mmol/L B F 4 ; CA64 £/~ 64 mmol/L Ff & 4.
Note: CA32 means group of 32 mmol/L carbonate alkalinity water;
CA64 means group of 64 mmol/L carbonate alkalinity water.

122 HEBEHEERE THRESEARKEZRE
it SLEE ALK E 32 mmol/L (CA32) Al
64 mmol/L (CA64) 2 MIRFRERNHE 4L AT— RN
WA, SCBK IR 600 mL, ARLHN'E 3 ANER, B
W 6 i, W TR R 3 00 S e A
600 mL JR/K IR LMGEL, F22E 6 h J5 4346 [w]
AARIK . 32 mmol/L /K Fl 64 mmol/L §f/K IF
UhE, Bra A 96 h, ZJEHEAT 24 h BYIRIK K
SNy SCEGHA AL AE 24 h K — k. ARk
FaEM B 0. 6 h (LR -6, 0h #EIR), Wi i) B
6h. 12h, 18h, 24h, 48h, 72 h. 96 h FIR/KMK
5224 h (LUF I 120 hBUKEE 3 mL, %47 T-20°C,
Rk, SCI0 45 oS FR R A AR E ATA K
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Z(NH; M NH)ZIRE M E S % Verdouw
25 23Nty K Ay 1 e 3 m A e ol G P T AL
MR o HE K FEAE = IR T AR, TRTETR ST . 43 5]
FATCZKBLH KRR AT A) . A E R AN
FRS AR A GAR B) . AR AN IA T (A5
C) St PR AR WE VA TR o I B K RE A 3 N F
11, MEINAGRF] A, B, C, =ik FHE WAL 1
h JE7E 650 nm P T RGN R S AR 98 s o Hh 42
PSR I e T A SO AR R
[Tamm ]y = Tamm i XV

At xm

A, Apr HE B [pmol(N)/(kg-h)]; [Tammli
[ Tammly 23 5910 R 490 U 01 485 B 40 &0k B [umol
(N)/LY; V R K AARTR(L); Ar Ry HEER) 1h R0 25 R
] 2%; m R (kg)o

JR 2 EH E B 52 5% Rahmatullah® 4 25
SNk, I SR S T L ARSI . A3 )
FHIC R 28 /K TE 4K A R 5 VR (B TR, . VR B IR . Ak
BR). LM — G R SRR IR A A T A R R R
HES W 0 5E I B KA 3 A P47, 540 nm I
T ARG R S AR A v il e 48 A ol v B s 4
TN AR R AR
[Urea—N]f—[Urea—N]l-XV

Atxm

Krh, Usr HIREEHEMH[umol(N)/(kg-h)]; [Urea—
N]; F1[Urea-N], 4] if Fll 45 BB 1) IR R 0k B
(pmol N/L); V A7KARIAFU(L); At R a5 R 2 s psf
[ 2%; m MRTE (kg)o
1.2.3 WRERELTEE BB TR 62 | R AR R R A
MXBEERRIEELE SEAMIKEZHRM L5015
ML, BEE CA32. CA64 FITRKXT IR, S5
K150 L, HHRE 3 EHEE, BOERE 25 R
i, HELEFLR, 24 h I HoKIEATRa, B Ik
96 h, £} 24 h #/K—k, BUEERTEIZEE R 0h, 6 h,
12h, 24h, 48 h, 72 h, 96 h, HURERF/351 4%
SCYRZAHL 9 FEfn, MWK 0.5 ¢/L 1Y MS-222 K%
JEAEVK TGSy B R AT 4120, -5 B AR
LT, TERAE R, 5 A—80°C UK A

R 4l AR A8 1) 2 SR AL 7 1 H R (GR 2)
Rheg2. Rhbg. Ut 514, WS HEIH EFla X Yao

AER =

Ugr=

a2V W51, A Trizol (Invitrogen)$z Bt &
RNA J5 H 1.2%3REA &8 e v Uk A U RNA 58 B e
A Epoch Multi Volume Spectrophotometer System
fiff 1 { (BioTek) il /2 & RNA [ BEFn2ti g, F
ReverTra Ace-a (TOYOBO)R #| & & # 5t & Wl
cDNA, H SYBR Premix Ex Taglll (TaKaRa)iz
#1E LightCycler 1.2 (Roche) | #472¢ & f# PCR
I3 BRI ZR N 20 pL, {93 10 pLSYBR
Premix Ex Tag. 0.4 pL E3#5197. 0.4 uL FiiF5]
V(LTSI L EY N 0.2 umol/L) |
2 uL cDNA ik . 7.2 pL ddH,0, R FETF:
95°C 30's, I PMEH; 95T 55,60°C 20 s, 40 ME
o BAFEM 3 AEE, DL EFla fEANS A,
FE[R R AR Sk 2 Ak H g
AR P g RIB DL 0 h HER IS IR

=2 ZEEPCR3IYIES

Tab. 2 Primer sequences used in real-time PCR assays

5| ¥ % FR primer name

J¥%1(5'-3") primer sequence (5'-3")

EFloF GTATTACCATTGACATTGC
EFlaR CTGAGAAGTACCAGTGAT
RhbgF TCCGCCCTAGTCAACC

RhbgR GAGCCAAACGCAGTCAG
Rhcg2F GAATCAGTCTCCCAGCAGT
Rhcg2R TGTTCGATCCAGTGAGTGTC
UtF CATACACAGACATCGCCTTGAG
UR GCCAGCAACAGCATCAGC

124 BRSO SoitEdERs N E AR
FIF- Y (PR 22 (X +SD). B AL B ] Sigma-
plot11.0 B, A [ I [8] 55 4500 2 2R R 3R AHE
238 K% e PRRH X 3 3%t 580 1 U7 22 43 T (one-way
ANOVA)BEAT W EPER I, W 20 22 55
%, P LSD it fr 2 E e, WEKE P K
0.05,

2 HREHMH

2.1 ERERELFRE RME T 4R 68 /Y &K 0 HE it

S5 6 309 ) Xof R 2L A a0 2 AR AR S I, R
BT G X B2 S5 50 40 1) S RN R 28 U HE
T34 TG . 3 25 5% (P>0.05)

32 mmol/L i ZH " A5 7 45 J 3 s ) B3 A



684 K 7 R

F 24 8

R HE R I i 2T 38 BT 7K (P<0.05) o Jilkat
0~4 h BREEZ A HE M SZ W0 5o B i, 2 AR
RIAR, ACHIBARTHY 27.27%, Wi 4~20 h HEE
FAT AT, 7 16~20 h 35 F A FTH 58.74%,
{75 5 AR T A FT (P<0.05) . 138 96~120 h #4
B EWKGE, HFECRHEKE, 58P
64.61%, {HAS 5 Z KT Wra §i 7K F- (P<0.05) (A 1);
FR 2 S HE T 2R 7 45 J 3 B[] B T e R 3, 7
12~16 h F120~24 h P4~ JBfpaE s ) B HEHE 232 o) 25 1
FWrE AT (P<0.05) (K] 1), BEEYHEIE LS &
RHEM A — 2, 45 Wit s Ja) BE ¥ 8 25 A% T
HII(P<0.05), Mt i 0 ) 22 60 FN R 28 400 o
BRI HEM Y 85.72%F1 14.28%, Wil TR )5 i)
25 B[] B2 28 o7 U ) HE T L B8 A R ATk
MR ZFE A BIA T ES, —FH S sy
Jolp3 i 22 57 W 2 (P<0.05), Hirf 20~24 h A2 5+
R, @ARMIREZ 530 b B AR 53.11%F0
46.88%.

—a— CA32% %A, ammonia-N in CA32
n=8  _A_ ¥+fB4%% ammonia-N in control
x+SD —e— CA32JKZE & urea-N in CA32
—0— XFIRH R E R urea-N in control
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FURYHEM 2/ (umoIN kg h?)

0 1 1 1 1 1 1 1 1 1 ‘ 1 ]
-6 0 4 8 12 16 20 24 48 72 96 120
Ff[E]/h time
B 1 BRERELE (32 mmol/L)%t 75 i W 41 4 4h 1
RT3 A 5 )
CA32 F75 32 mmol/L B EE 4.

R RIR BRI S 5 i BT B 5 2 5 (P<0.05).
Fig. 1 Nitrogenous waste excretion rate of the juvenile
Gymnocypris przewalskii exposed to 32 mmol/L
carbonate-alkalinity water
CA32 means group of 32 mmol/L carbonate alkalinity water;
“*” and “+” indicate significant difference compared with

pre transfer, respectively.

64 mmol/L T4, 5 32 mmol/L Hifi £ 21,
SR HE M ZRAE 30 %) 3] 52 3 ik 5 £ 1 B2 A 4 i

A 0~4 h ZAHEMRIE BN SARME, VI ERTHY
42.68%, 0~8 h, 20~24 h, 72~96 h fifif1 bt [a] B %
R A T IR 2H (P<0.05) ., 55 32 mmol/L
WS 20 AN R 2 64 mmol/L k5 20 45 e o 20 HE il
RAE 4~20 h F1 24~48 h (A FFEE IR &, PHAE
8~20 h 1 24~72 h pif B[] B AR 2 R HE R 5
JiiR 36 T B C B3 22 H(P>0.05), & 96~120 h K&
IR AL R K S, 2 ZUCHE R 5 2 B0 mr
K5 BeAh, RFEAHM R BAFAE TS, H
7E 16~48 h 38 B[] Bz f 3 5 T aa i (P< 0.05) 0
5 32 mmol/L B& AR, S EE D HEM F A7
30 0~4 h, 20~24 h, 48~96 h 3 i) B i %
FIHE T (P<0.05), A KR Z M LLAFIFE 0~4 h
F1 16~72 h 5 W30 FI A7 B 25 22 5(P<0.05), FHAth
i ] B TG I 35 2% 5 (P>0.05)

—A— CAG64E A ammonia-N in CA64
3 —O— XHHRZIE A ammonia-N in control
D —e— CA64JR %A, urea-N in CA64
T HE 4 g -N i
800 s [ O X B4 JR R A, urea-N in control

| pre B 38 transfered

=N
H ol
w2 oo

(=) ~
(=3

(=]

T

nitrogenous waste excretion rate
S
S
(=]
T

REYrHE R/ (pmolN-kg k)

100 -

1 1 1 1 1 1 | 1 ]
12 16 20 24 48 72 96 12
A [ /h time
2 BRRER B (64 mmol/L)X 7 i ] - 4 £
FUR Y HEME R 1) R
CA64 F/r 64 mmol/L BHEEAL; “*”, “+"RaAFIEY
Hith 2R 5 b w7 B A W 3 25 5 (P<0.05).

Fig. 2 Nitrogenous waste excretion rate of the juvenile
Gymnocypris przewalskii exposed to 64 mmol/L
carbonate-alkalinity water
CA64 means group of 64 mmol/L carbonate alkalinity water;
“*” and “+” indicate significant difference compared with
pre transfer, respectively.

22 WREREWEME THREFEMHMEBEXE
ESE37

X A A R ST 0 ) AR v R 2
Rhcg2. Rhbg F1 Ut JEP k¥ 0 i 1 25 =7 (P>
0.05).
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32 mmol/L Hif & 21 Hh BR R EE 2 21 Rhbg FE K 7F
B 12 h JEEERE TR IA 0 2 1 (P<0.05),
Rheg2 FERFRik 1 TG B 2 42 10(P>0.05), Ut Kk
A I, AR E R B E K (P>0.05) (F
3)o BALIR 3 AL eIk A i o A v A
Jolp 360 77 TG S 1 22 5 (P>0.05) (& 4).

3- -30
—e—Rhcg?2
* —O—Rhbg
—A—Ut
n=3§; 120

(3]
T

x+SD

1
=)
UttXt 35 & Ut relative expression

Rhcg2, Rhbghixt A8

Rhcg?2, Rhbg relative expression

1
(=]

0 6 12 24 48 72 9
38 ) /h time

(=]

B3 BRARER G (32 mmol/L) X 77 1 1] B L 2 21
3 Fh ECHE A O 3 R A X e TA R MR

“ IR BRZH Rheg2 . Rhbg il Ur B KA X 33k

o RN ik 5 WA T A W3 25 5 (P<0.05).

Fig. 3 Rhcg2, Rhbg, Ut expression levels in gill of the

juvenile Gymnocypris przewalskii exposed to 32 mmol/L
carbonate-alkalinitywater

“---- respectively represent Rhcg2, Rhbg and Ut expression
levels in control; “*” indicates significant difference
compared with pre transfer.

—&— Rhcg?2

HIXTFA & relative expression
0
T

0 6 12 214 41»8 72 96
JoEL B} ] /h time
B4 BmRER TR (32 mmol/L)X 7 V6 1 4t 5 41 41
3 b AE G PR AR X 235 i 5
“FIR X HRYL Rheg2 . Rhbg F1 Ut 3 PRIAIN 3k .
Fig. 4 Rhcg2, Rhbg, Ut expression levels in kidney of

the juvenile Gymnocypris przewalskii exposed to 32 mmol/L
carbonate-alkalinitywater

“----” represents Rhcg2, Rhbg and Ut expression levels in control.

64 mmol/L B B 2 R AR ZH 2 Rheg2 JEDH
FEMME 6 h. 48 h Fl 72 h J5 ik B ERN(P<
0.05), 2> W MHHARTAY 6.4 £%5 . 6.3 f5F0 11.3 fi%,
Ut FEATEMNA 6 h 5 215 /& 0 3G N (P<0.05), N
AR 12.4 4%, HALE R ST 8 EMEE R P>
0.05). Rhbg H:PRI7E 4 P18 i ] 55 15 J0 B & 2% Ak
(P>0.05) (Il 5), 'BHZH, Rheg2 FEFTEMA 6 h
J5 F Ik W E N (P<0.05), ZYAMMAETAY 15.3
fi5, HAbET ] 557G 2 2 28 fk.(P>0.05); Rhbg 1 Ut
FEHTEM B A E A S hEmS TR EER
(P>0.05) (K 6).

30 -

[\ N
(= [

—
W

FAXFFIA & relative expression
w o

[=

0 6 12 24 48 72 96
Jp38 B [)/h time
5 BRBRER T (64 mmol/L)X 75 1 i HR  f 2H 401 v
3 b A MR S i RURH X 3305 5 i)
“o FIRXT R Rheg2. Rhbg Fl Ut FERAH R #5351
IR RS B WA RTEAT B35 25 5(P<0.05).
Fig. 5 Rhcg2, Rhbg, Ut expression levels in gill of the
juvenile Gymnocypris przewalskii exposed to 64 mmol/L
carbonate-alkalinitywater
“----” represents Rhcg2, Rhbg and Ut expression levels in control;
“*” indicates significant difference compared with pre transfer.

3 itig
31 SEHEIMNETREREYHEMT NE

0 2 A = EARK AR ) APNg, 20 R
FEAEA, FHE 2 A FE AN TR 9 Rh 5 H
P B R s R BRSNS AP, B 5 S8l A
Az 240 5, ABFFE R, 32 mmol/L B 4 HE 4
i3 B2 S 64 mmol/L §8 B 28 W36 0] 309 AR A )
FHEM AR 2 IR, MR R AHEM R 2 TS
R AR DL HEM S 3 Rk, BRAEAE = i
FEIREE T 24 CHE 32 280 000 ] g = i DR v
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10

ANk R relative expression

[=)
TT

1 1
0 6 12 24 48 72 96
JolriE A [/ time
6 BRERERTAE (64 mmol/L)RT 77 if i #6541 21
3 b A G PR AR X 235 5
LR HRZH Rheg2 . Rhbg. Ut BEAHXTFAR; “*7 %R
AR PR3k 5 W30 AT B 35 2 5w (P<0.05).

Fig. 6 Rhcg2, Rhbg, Ut expression levels in kidney of the
juvenile Gymnocypris przewalskii exposed to 64 mmol/L car-
bonate-alkalinity water
“----” represents Rhcg2, Rhbg, Ut expression levels in control;
“*” indicates significant difference compared with pre transfer.

i A2 K rp T3k NHy & 5 NHL 1 H
A B S 88 A2 KB AP, RS
QAR Z . 52 A HMORR, R R A He 2
W T R B, X T R R L B I B R A —
RUEDHEM AN AU o 7F Bl P35 10 ) 2 HE ik i
UL, PR I 1 6 4R 5 A A A T A H e
B IR BE R AR AR Y EUE W B AR, R
BT BEAE — BB o B AR O PR R ACHE, X S50
5T BE I S R HE R D, PR 2 A UHE M 0 i
GERAA R SRR B BRI IR R R
B, AR P HE I A T R A, RPIR
T AECHE A B N I AT 58 A A MR PR X 2 A
HEM B o AHE A 2R D) T B0 e
T POL T A A A T ) 5 Rl 14 9 K R T
A T U I PR AR L 28 Ak R ) R L i 27 7

{H 53 K TE A & 64 mmol/L B8 5 4138 0~8 h,
20~24 h. 72~96 h AR B EREAL, BTE
8~20 h, 24~72 h ipien sf [E] Be He 2 A HE Rk 5 5
BN 360 R KT, U P HE i R A 2 2R
AR T I ST 2R I, ZE B P 5 b AR A i 2
Peo, AR S BOR BRI pH 151, i3 2 vk
FERPERREE R TR, SR HEDIZE 64 mmol/L &5

B2 T30 N RS B T RERR I HE ML, B B
B (AR R 0 pH S Rk R T, A
MR P, TG, DTS B 7R S 4 20 b 7 At
SEMIE 7K APy, PIEAE a8 — B st 8] J5 9% &2 1E
R A 20,
32 BRAETHRESEDHEMMEXERRIX
FIIKE:

IR N A 1 EYE R Ut FER A
B &R W) DI RGE Fi 2R S8 . X Rheg2. Rhbg J
Ut FER B9 B K B, 7€ 32 mmol/L k&
H MR I 2N h Rhbg F3K 11, 64 mmol/L ¥
ZH BT A ZH Rheg2 R85 L, Ur 7EEEZZN
ek b B R R B 0 g,
AT 68 b Bz A0 TR A Rheg2 5 1 RN 5L IS I Y
Rhbg & 15 5 & 5z ), @8 F 2, Rhbg i
TUUT APnp, K NH; ML iz 25 5 8 1 i A i
SR 5 T 9 Rheg2 # I K 40 i vp i) NH; iz 28 5]
JKIREE FR, NH; #E A 2K 52257 i1 5 H'-ATPase
5 Na /H' ZZ#FHE B H 45440 NHy 19,
Rhbg JENTE 32 mmol/L 58 2H 3k b H /s g fil
FEIZIRE 55 Tl it i 8 Rhbg 1 335K HE
M HE B M 20 L DA R AT i SR R, R
ZAPEE. 64 mmol/L BlJEZH H#REREEZHZ Rhcg2
TEMME 6 h, 48h, 72 h Ji&ik B, X5 4~8 h,
24~48 h A HEM # LA —2 Phaawii, 2%
T BH 37 2], B 6 ] A0 KRR T A
B)] Rheg2 B 1m 2235 A2 #E 2N I B 240 i i iy 1)
SRR, AR S T AR EETE 8~20 h.
24~72 h (R A HEMK & 2 WaE §iiK P AR A
B, FEAST) 2 SR ) B A BT v 2 e
B VA GR ZFE SCHEME, 0 i 90 27 e = Ak
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Nitrogenous waste excretion and gene expression of nitrogen trans-
porter in Gymnocypris przewalskii in high alkaline environment
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Abstract: Saline-alkaline water bodies are widely distributed in China. High alkalinity is one of the main stressors
for the survival of aquatic animals in saline-alkaline water. Previous studies have established that ammonia excre-
tion is inhibited when fish are acutely exposed to alkaline water. Przewalskii’s naked carp, also known as Gymno-
cypris przewalskii or the scale-less carp, is endemic to the austere environment of Lake Qinghai. Lake Qinghai has
a high salinity (13 ppt) and a strong alkalinity (carbonate alkalinity approximately 29 mmol/L, pH 9.1-9.5). Due to
high evaporative water loss and extensive water diversion for agricultural use, the water level of the lake is de-
creasing by 10 cm per year and the salinity and alkalinity levels are increasing by 7% and 0.5% per year, respec-
tively. Some studies showed that G. przewalskii had evolved a variety of mechanisms, such as osmoregulation and
ion regulation with low energy consumption, regulation of HCOj secretion in intestines, and compensatory car-
bonic anhydrase expression mechanism under metabolic alkalosis, to adapt to saline-alkaline environments.
However, the mechanism of nitrogenous waste excretion is less well studied. In order to evaluate the effect of
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carbonate alkalinity stress on nitrogenous waste excretion in G. przewalskii, we exposed juvenile G. przewalskii to
32 mmol/L and 64 mmol/L carbonate alkalinity water and measured ammonia and urea excretion rate after —6 h
(pre-transfer), 4 h, 8 h, 12 h, 16 h, 20 h, 24 h, 48 h, 72 h, 96 h, and 120 h (recovery) after initial exposure. We also
measured Rhesus type b glycoproteins (Rhbg), Rhesus type c2 glycoproteins (Rhcg?), and urea transporter (Uf)
expression in gill and kidney of G. przewalskii by real-time PCR. The results showed that G. przewalskii in alka-
line water reduced ammonia excretion but increased urea excretion. Ammonia excretion rate decreased signifi-
cantly over the entire exposure period in 32 mmol/L carbonate alkalinity water and the initial exposure period in
64 mmol/L carbonate alkalinity water. Ammonia excretion is expected to be inhibited when fish are subjected to
alkaline water because of a decrease in the extent of the protonation of NH; to NH;. Consequently, at high pH
water caused by high carbonate alkalinity, the partial pressure of NH; (PNHj;) is predicted to rise in water adjacent
to the gill, thus reducing the PNH; gradient that drives NH; diffusion. However, in the 64 mmol/L group, the am-
monia excretion rate recovered to the level of pre-transfer after 24-72 h and 8-20 h. This indicated that G.
przewalskii may excrete ammonia by re-establishing a favorable NHj partial pressure gradient under high carbon-
ate alkalinity. Urea excretion rate increased significantly after 12—16 h and 20-24 h in 32 mmol/L carbonate alka-
linity water and 1648 h in 64 mmol/L carbonate alkalinity water. The real-time PCR results showed that Rhbg,
Rhcg2, and Ut genes were up-regulated under carbonate alkalinity stress. The expression of Rhbg in gills was signifi-
cantly up-regulated after 12 h in 32 mmol/L carbonate alkalinity water, while Rhcg2 was significantly up-regulated
in gills after 6 h, 48 h, and 72 h and in kidneys at 6 h in 64 mmol/L carbonate alkalinity water. Ut expression in
gills was significantly up-regulated after 6 h in the 64 mmol/L carbonate alkalinity group. These results revealed
that although ammonia excretion was inhibited in highly alkaline environments, G. przewalskii could excrete ni-
trogen waste by up-regulating Rz and Ut expression, recovering ammonia excretion, and excreting more urea. This
study provided evidence of the nitrogenous waste excretion mechanism in G przewalskii in high alkaline envi-
ronments. We speculate that the special mechanism of nitrogenous waste excretion facilitate the adaptation of G
przewalskii to highly alkaline environments. Nonetheless, these findings raise more questions than answers, and
further studies are needed to clarify the distribution and expression level of Rh protein in cells and tissues.

Key words: Gymnocypris przewalskii; carbonate alkalinity; nitrogenous waste excretion; Rhesus glycoproteins
(Rh) gene; urea transporter (Ut) gene
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