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HARE T, HAME A 25 ST M 5 Rk Misgurnus
anguillicaudatus)JE 5 FAL, 1 I —Fh B AL (7)< I
W2, LU e B R e g
FET 2207, K Je k2 B AR IE e £,
SR Z A . TEXF UK BT, BikN
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NH.Cl W, BIRAEBCN 10 L, B TIRRZA N
15 L ¥R6(36.5 cmx25.5 cmx16.7 cm)H1, LA
4 mol/L 1) NaOH ¥ W #17 pH Ky 7.2, LRI [R]#
il Y B oA (251) °C (LA S 56 28 Hp e 2 4 ol = 1R,
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1)°C (LASE56 2 v e 23 P s il 2 ) o S50 43 ) 4p
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F 5000 g T &0 10 min, B35 W E 540 nm &b
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HE . GS 1 HE=A4/(PxVxT), B4 A pmol/min g 4141,
LT I B B4 SR P 5 1 R TR A b A i
BhREZk . Hp, 4 8 540 nm WG T4 2R
B NG BR I 5 A (wmol), PO AL AR AL A
(g/mL), V J R BARF(mL), T 4 5% B [E] (min) .

Hop & AR E & kR o BRI v
0.05 mol/L Tris-HCI, pH 8.0, % 2 mmol/L Mg*",
2 mmol/L " H I HHEE(DTT), 0.4 mol/L FEME . FREL
Tris 1.5295 g, 0.1245 g MgS0O,4-7H,0, 0.1543 ¢ DTT
F134.25 g fiEdl, BSF/KE S, H0.05 mol/L HCI
P % pH 8.0, /A AR 250 mL; IR A A:
M7 80 mmol/L Mg™", 20 mmol/L & &M ANE:,
20 mmol/L (&R 2 mmol/L EGTA, FREX
3.0590 g Tris, 4.9795 g MgS0,-7H,0, 0.8628 g A%
FRENER, 0.6057 g 2R, 0.1920 ¢ EGTA, X5
TKEAM)S, 0.1 mol/L HC1 8% pH 7.4, B4
Z 250 mL; MRS B: RNIRA W A RIS
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A 80 mmol/L ¥k, pH 7.4; A
3.3176 g TCA, 10.1021 g FeCl;-6H,0, B T/K
WS, In 5 mL WERR, 2 E 100 mL; ATP %
W 0.1210 g ATP & T 5 mL £ & F/K T (I FH i
Be i) o

GDH 3 P38 2 i b 37 5 (no. A125, R
B TR BT E, & R 5o 4l 25 7B
FE 1 pmol i Ji R K I i B W 4 — A% H PR (reduced

form of nicotinamide-adenine dinucleotide, NADH)

O — WS 3 R, RN IR A L, ARSI

A 340 nm, 1 2V E I St DL R L3R & (no.

A073, Nanjing Jiancheng Bioengineering Institute,
China)ill%E, MR A 37°C, KK R 630 nm,
A R umol/g.
1.5 #ESH
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BAE ML SPSS 18.0 (SPSS Inc. Chicago, IL,
USA)i#EAT . Levene’s £ 547 77 22 7] Jot M 46 55,
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PRI 2 rh 23 e 2 s AR A an 81 1 B
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LIPS E B & . SXTIEAA L, 288 12h )5,
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VW 2R R 48 h i, HLR AU h A 2 e & &

T AXT IR 2.5 1% SR EFE 48 hn, KR
Te BRI PR 20 2 4 = i 5 B T S R A Y

3.0 7% o ANRI a) UM 2= SRR B I, R B ) e kT

I 20 20 Hb A S I e it R B 5 UL AR A
AR a s, Bl 2 BT IR, R R e ST
5r b
E%; 4| 3D e f
gE d
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A FARFRR B 32 5(P<0.05). S: HARE, T K 2#E.

Fig. 1

Glutamine contents in muscle (b, d) and liver (c, d) of Paramisgurnus dabryanus exposed to

30 mmol/L NH4CI solution (a, c¢) and air (b, d)
The different superscripts are statistical difference (P<0.05). S: submerged in 30 mmol/L NH4ClI solution; T: terrestrial exposure.
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L WE A 20 23 S e e % 2 LT A AL 2.2
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RIERE & LT X BB 2.5 f5 o b rT L, =8
SN 2 8 2 5 SR 5 ) e Bk A 20 b 2 I e 1
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Rl 2 Ferm K i R e 8GR 2 T 2 2 SR TR
AL, i E RN i 8 2 20 P 2 S BE R B
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NH,Cl B A, 5 55 s [ 08 25 5 i HC i 21 21
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= .g 15 b n=3; xxSD g =
£
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control 6 12 24 48 72
AR/
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Xt HRHAY 2.6 5K 2a), KGRI VRHKRE T2
St B A AR AR f i o, s SR R R
BIVEHEE 6 h, 12 h LUK 24 h 5, Hk2H 28 vh 45 2 ok
JHe 5 b T T 1 B AR W 3 R TR LA (P<<0.05), fH
AN [F) 2 52 B[] 2 [E) ) 5 A 2 Pk 25 5% (P>0.05),
HERE 48 h 54 BEF ETH(P<0.05), %5 72 h
JE A BB UG P LT R R B 2.7 £ (P<
0.05), KEERIVEEKFFE T 30 mmol/L NH,Cl iFH
Fzs e, HU AR 20 224 S e A Bt 1 1Y) A
o RAE R 2L, KEsRIRMER A s L RE

o~ 140} b _ c ¢
qu.g 1201 n=3; xSD
45 100 | b
B3 b b
% g 80r
Wz & 40
28 20/
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control 6 12 24 48 72
FFEINE/h
=~ 314 exposure time d
|
o0
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S 8 b
g_ 7] 20 + a
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s
;-;(D 51
E o0
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~ 187 f e
bo _ d
T B1s| n=3;%SD
£ 8
E .5
Sy’ b2
Q
CEY!
im O
N 0
control 6 12 24 48 72

RENE/h

exposure time

K2 KREERIVEEHFEEE T 30 mmol/L NH,CI & (a, ¢, e) 155K, (b, d, £) 0 h (control), 6 h, 12 h, 24 h, 48 h

I 72 h JGfki(a, b). FFHE(e, d)FIFIE (e, HZH

A% B 5 U A 72 1L

ARIE B bR s i 2 22 5 (P<0.05).
Fig. 2 Glutamine synthetase activities in brain (a, b), liver (c, d) and intestine (e, f) of Paramisgurnus dabryanus
exposed to 30 mmol/L NH4Cl solution (a, ¢, ¢) and air (b, d, f) for 0 (control), 6, 12, 24, 48 and 72 h
The different superscripts are statistical difference (P<0.05).
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(T 24 h NIRRT ZBIE NS, TE5HE 48 h
Ja PR 2% 1 TF, 30 mmol/L NH,C ¥ i R 2s < 2
#5 72 h J5 A R R T E 20 24 S e A R
PR35 TR BELL Y 2.0 A1 2.2 £5(F 2¢, 2d).
117 K 8885 I e B R % T 30 mmol/L NH,Cl ¥ i Fil 23
S, H s AU 2 WG A T 0 AR b
P S FIE B R, #5824 h )5, ZERI(E]
b 2 5 ) A 1 1 R 56K g 3 4 2 b A8 R I B i
(1) 3% 1 (P<0.05), Kk Il e Bk 7E 2 R R s R R R
(TIT 24 h WYRIASGIG IS, E2EE 48 h
J5 PG .3 FTF, 30 mmol/L NH,Cl % W fl 2 < 2
#& 72 h JE KESREEHI7E 2 S B A R S PR
I3 TRt BRZH A 2.8 F13.0 F5(K 2e, 26).
23 HLARSBRBMSEEETL

K 655 @) e Bk 5% 5 T2 M as P AN R RS
LG U i 1 4 21 rh 2 2 TR S T 1 AR
L 1. KBEREJe 62 7% T 30 mmol/L NH4CI
WP, BEERTE](24 h )X HH A TP AR
ik Mo S TG 1 LA S, BREE 24 h R, K
Il e S0k ik 2H 21 e 25 2R 00 S T P W e T A
H(P<0.05), LF At BRALM 1.7 £%5. AL M, 2

&1 ENM=[FE|NKREBEERHIALER
A SR AR SEEE M ARG
Tab.1 Effect of ammonia and aerial exposure on tissue
glutamate dehydrogenase activitiesin Paramisgurnus dabryanus
n=3;x+SD

e sa&ntia/m  GDH % /[umol(NADH) - min™'-g™']

exposure GDH activity
treatment . N . -
fime % brain  JFHE liver #il intestine
0 8.39+0.50" 6.58+£0.45  1.06=0.07°
6 8.55+0.43*  6.53+0.51  1.19+0.08"
AR 12 10.08£1.27*  6.62+0.58  1.2840.07°
ammomnia 13.9241.91°  6.55+0.52  1.35£0.09"
exposure
48 10.14+1.30°  6.52+0.40  1.31+0.13°
72 9.47+0.82*  6.65£0.41  1.32+0.09°
0 8.39+0.50* 6.58+0.45  1.06+0.07°
6 8.08+0.61* 6.52+0.47  1.23+0.08°
TR 12 9.52+0.48" 6.59+0.62  1.33+0.05"
acrial 24 10.47£1.27°  6.6240.52  1.39+0.09°
exposure
48 12.74+1.72¢  6.60+£0.44  1.34+0.12%
72 10.06+0.83% 6.65+0.55  1.35+0.08"

RS AR 3RoR 22 7 3% (P<0.05).
Note: Different superscripts in same column are statistical differ-
ence (P<0.05).

# TP, REENEN(24 h ZJE) WX K%
e S i 2 23 v 2% R I S PR B R R
FEEEIHT 48 h N, BHE R EE IR I e, HANZH
2Urp 5 R N S BTGt BT, R HfE 5 EE 48 h
Ja R B KA, XTI 1.5 £%5 . SR, FREERT
[E] FI AT T 30 mmol/L NH,Cl B fizs S hk
fife R Sk P U 28 2 25 2 R I e T O B
W E PRI (P>0.05), 8% T 30 mmol/L NH4Cl
VA YR 2 AR v R B ) e Rk 3 2 4 b A SRR I
S 1 B A A R T %) 2E K HL A A AL A AR 4
A, AR R R B K 2218 T, i H A7

Fi% 24 h JF IR B RAE, 4300 A X BRI 1.27 £5F0
1.31 1%,
3 iTtig

FEFRPY, GS AT A ZIR M NHL A A &
Bei, MRS GDH fifk o i Ml
NH A Y o T A8 2 e e 1 B 1K U8 43 iR 1A
& o-F % TR B AN GS T TEdE P
RV, MEPAT GS W RN, B
Xof Jr— BRI R 2 7R S SR R B R R AR
R, FATAE R . HE S LR e A A
GG . Bk Lo SR A S IE . LR & B iE
HAP AR A R GS MR, LIS AR
R TR X 4 v 1 A PR 2 L 7 i B R AR
P, @B FTIE A T AR T, YR S F ks
J&, X BN AT T A RS | mEE N R
25 T LA R 3 3,

ARG A, K% R JE B & T 30 mmol/L
NH4Cl WA, BlE 2 8 i e i i, i
R 8 SR A AL PR 2 2 b i A ot e 1 = A
SRR H, R B E e B n] R g 2 b 2R
PR G2 ot e ke I WK N R BE R . RS K AR
SR N E R BT, A A IR AR N R
B4 R AR H UL . U= BER EGE (Oxyeleotrisma-
rnorata){E2S P B ER 72 h )5, HARN e E
R REAR, TILPA A e e i A T X
MR 3 M50, R EE 72 h 5, HALA
HABR G w LF XA R 4.5 £%5, HEH -
THRXTRRLL ) 36 %, M4 BT AT R4 4
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fF22 ) 2s S5 5 5E A8 h R R (Misgurnus anguil-

licaudatus) KM . WILPA LA B0 v 4 20k i 2 1t
BERN, SR BLGA 7] LT L ROk S
4S5 68 (Bostrychus sinensis)?Y I 3
15 9] 2 (Apostichopus japonicus) > 145 | i3k #6485
T, DA AW 20 Ak N 2 BT 7R K
A By b AR . ARWESTAE SRR, Kkl e
8K 7 A A1 2 (2 B ) B N (5 R R ) R
75 B0 T AT AR N A e A, R AR
ToRE A A WENE -

— Bt A I T, g GS in Y
DK H mRNAD 235k i 2 g . 3 S5 A8
FAEREM, AUFEh, BE 2 58 I,
5% T 30 mmol/L NH,CI ¥R 25 < b A R
VeSO . JHIEA G 400 GS WP B .
GS AL B A NH, & A R B, X o i
BT A A B A GS TGk [
IR . R, BRNLAT GS T PEZTRAK
AU, 8 A 0 28K i S A R B T R
VR, WIS AE A QIR EY | e %
fie 205> 9710 27131 AR I B R 23 A 4% 4 41
YR —Fh o A YRR i , e A
JHME

GDH A{EfL o~ —FR A NHy & A 2 R,
JHRE 2 A A R A ) 322 37 i, (A b i G i
GDH FAbAE F & B 24 Wt i e iz 22 v 2 3
WALEER RO AN, S I B E R T A A
TAEMER R, HSfE L Bny s bR
Wm AR . I, B I8 R A £0 208 DL A 2 Tt e
WA AT A AR SRR T AHPMERN R,
ABEFEH, 30 mmol/L NH,ClR I A 25 < B 57 i 3%
2 M R 83 w1 e 85O A im B 4 40 GDH i, H
YRS GDH & P IF A BB . 78
ZBEA YT b A 1 O b A S R R
S35 iy GDH MR A ngiE,
HER NN GiE GDH 7 280 2 A B i
T miE GS HOMEZEAVEH . TR e B
JHNELHZA T GDH {5 I A 2 2 A2 SRR 1Y
s, WIFARFEIAFIEAZIh GS IEPERIA = it
e & i B AR Ak, X AT RS B TR 4L i

QUM T 2 BN AR, WA TN & A
PR W5 20,

BiE NH,Cl ¥R SR EE I R A IE G, R
fgk R e 6K T O AT AIL R 20 80 1) A R e e B i A B
i B R, . R 1 2 2 Ay G
A G PR B BT, U T R R e 6 T
T AR 2 R AR TG E 1 0 A8 S e R AR P AT B
F AR T, 30 mmol/L NH,Cl AR A28 K,
T R W 5 ) K 5% ) 6 SRk R i 1B 41 4 GDH
Wk, EXFAFAE S GDH iR A B E
S, BB GDH 6 M 3% T, nTRe e Mk
R R AR E RS T e AE GS B E A 1R
FHo KRN e ST 414U GDH 3 MR %Z
RAMZE BB, X A] GE2 i T R4 2
TG AL A B T R R ER . AN R
TR M ZS SRR T KR Y kA 4] 21 rh 2 2 kR
FiE, GS. GDH MM b, F& 7 KB 6
it 22 L IE 5 ) Bl ok, 5 2L A9 0 1% B
TR B A1 BE (40 F A B KO )V BR ) L AR 1) T
T AR AE AL
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[1] Ip Y K, Chew S F. Ammonia production, excretion, toxicity,
and defense in fish: a review[J]. Front Physiol, 2010, 1(1):
134.

[2] Chew S F, Ip Y K. Excretory nitrogen metabolism and de-
fence against ammonia toxicity in air-breathing fishes[J]. J
Fish Biol, 2014, 84(3): 603—638.

[3] Randall D J, Tsui T K N. Ammonia toxicity in fish[J]. Mar
Pollut Bull, 2002, 45(1/12): 17-23.

[4] Wang X, Walsh P J. High ammonia tolerance in fishes of the
family Batrachoididea (Toadfish and Midshipmen)[J]. Aquat
Toxicol, 2000, 50(3): 205-219.

[5] Wright P A, Steele S L, Hvitema A, et al. Introduction of
four glutamine synthetase genes in brain of rainbow trout in
response to elevated environmental ammonia[J]. J Exp Biol,
2007, 210(16): 2905-2911.

[6] Suarez I, Bodega G, Fernandez B. Glutamine synthetase in
brain: effects of ammonia[J]. Neurochem Int, 2002, 41(2/3):
123-142.

[7] Wicks B J, Randall D J. The effect of sub-lethal ammonia
exposure on fed and unfed rainbow trout: the role of gluta-

mine in regulation of ammonia[J]. Comp Biochem Physiol A,



%54

Gz e A R S A 5 X DR R 8 6 2 2 P A R B Y 55 4 R T

1121

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2002, 132(2): 275-285.
Ip YK, Tay A S L, Lee K H, et al. Strategies for surviving

high concentrations of environmental ammonia in the swamp

eel Monopterus albus[J]. Physiol Biochem Zool, 2004, 77(3):

390-405.

Veauvy C M, McDonald M D, van Audekerke J, et al. Am-
monia affects brain nitrogen metabolism but not hydration
status in the Gulf toadfish (Opsanus beta)[J]. Aquat Toxicol,
2005, 74(1): 32—46.

WeeNLJ, Tng Y Y M, Cheng H T, et al. Ammonia toxicity
and tolerance in the brain of the African sharptooth catfish,
Clarias gariepinus[J]. Aquat Toxicol, 2007, 82(3): 204—-213.
Walsh P J, Veauvy C M, McDonald M D, et al. Piscine in-
sights into comparisons of anoxia tolerance, ammonia toxic-
ity, stroke, and hepatic encephalopathy[J]. Comp Biochem
Physiol A, 2007, 147(2): 332—343.

Tng Y Y M, Chew S F, Wee N L J, et al. Acute ammonia
toxicity and the protective effects of methionine sulfoximine
on the swamp eel, Monopterus albus[J]. J Exp Zool A, 2009,
311(9): 676-688.

Sanderson L A, Wright P A, Robinson J W, et al. Inhibition
of glutamine synthetase during ammonia exposure in rain-
bow trout indicates a high reserve capacity to prevent brain
ammonia toxicity[J]. J Exp Biol, 2010, 213(13): 2343—2353.
Zhou F L, Chen J S, Huang J H, et al. Molecular cloning and
expression analysis of glutamate dehydrogenase (GDH) in
Penaeus monodon under ammonia nitrogen stress[J]. Journal
of Fishery Sciences of China, 2016, 23(6): 1236—1246. [
R, BREDRS, BoEAR, SE BETX IR AR S R
o R N R AU R X L 25 R s A T]. K R,
2016, 23(6): 1236—1246.]

Zhang Y L, Hu W H, Wu Q W, et al. Ontogenetic changes in
RNA, DNA and protein contents of Chinese loach, Pa-
ramisgurnus dabryanus (Dabry de Thiersant, 1872), larvae
and juveniles[J]. J Appl Ichthyol, 2015, 31(5): 876—882.
Zhang Y L, Wu Q W, Hu W H, et al. Changes in digestive
enzyme activities during larval development of Chinese
loach Paramisgurnus dabryanus (Dabry de Thiersant, 1872)
[J]. Fish Physiol Biochem, 2015, 41(6): 1577—1585.

Zhang Y, Wu Q, Hu W, et al. Morphological changes and
allometric growth in hatchery-reared Chinese loach Pa-
ramisgurnus dabryanus (Dabry de Thiersant, 1872)[J]. Chin
J Oceanol Limnol, 2016, 34(4): 757-762.

Zhang Y L, Zhang H L, Wang L Y, et al. Changes of ammo-
nia, urea contents and transaminase activity in the body dur-
ing aerial exposure and ammonia loading n Chinese loach

Paramisgurnus dabryanus[J]. Fish Physiol Biochem, 2017,

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

43(2): 631-340.

Mommsen T P, Walsh P J. Biochemical and environmental
perspectives on nitrogen metabolism in fishes[J]. Experientia,
1992, 48(6): 583—593.

Anderson P M, Broderius M A, Fong K C, et al. Glutamine
synthetase expression in liver, muscle, stomach and intestine
of Bostrichyths sinensis in response to exposure to a high
exogenous ammonia concentration[J]. J Exp Biol, 2002,
205(14): 2053—2065.

Jow LY, Chew S F, Lim C B, et al. The marble goby Oxye-
leotris marnorata activates hepatic glutamine synthetase and
detoxifies ammonia to glutamine during air exposure[J]. J
Exp Biol, 1999, 202(3): 237-245.

Tay A SL, Chew S F, Ip Y K. The swamp eel Monopterus
albus reduces endogenous ammonia production and detoxi-
fies ammonia to glutamine during 144 h of aerial exposure[J].
J Exp Biol, 2003, 206(14): 2473-2486.

Chew S F, Jin Y, Ip Y K. The loach Misgurnus anguillicau-
datus reduces amino acid catabolism and accumulates
alanine and glutamine during aerial exposure[J]. Physiol
Biochem Zool, 2001, 74(2): 226—237.

Ip Y K, Chew S F, Leong I W A, et al. The sleeper Bostrichyths
sinensis (Family Eleotridae) stores glutamine and reduces
ammonia production during aerial exposure[J]. J Comp
Pysiol B, 2001, 171(5): 357-367.

Wang G, Pan L, Ding Y. Defensive strategies in response to
environmental ammonia exposure of the sea cucumber Apos-
tichopus japonicus: Glutamine and urea formation[J]. Aqua-
culture, 2014, 432(20): 278-285.

Campbell ] W. Excretory nitrogen metabolism[M]//Prosser
C L. Environmental and Metabolic Animal Physiology.
Comparative Animal Physiology. 4th ed. New York: Wiley-
Interscience, 1991: 277-324.

Tng Y Y M, Wee NLJ, IPY K, et al. Postprandial nitrogen
metabolism and excretion in juvenile marble goby, Oxye-
leotris marmorata (Bleeker, 1852)[J]. Aquaculture, 2008,
284(1/4): 260-267.

Peh WY X, Chew S F, Ching B Y, et al. Roles of intestinal
glutamate dehydrogenase and glutamine synthetase in envi-
ronmental ammonia detoxification in the euryhaline four-
eyed sleeper, Bostrychus sinensis[J]. Aquat Toxicol, 2010,
98(1): 91-98.

Sinha A K, Giblen T, Abdelgawad H, et al. Regulation of
amino acid metabolism as a defensive strategy in the brain of
three freshwater teleosts in response to high environmental
ammonia exposure[J]. Aquat Toxicol, 2013, 130/131(15):
86—-96.



1122 Hh K R £ 24 %

Changes to tissue glutamine content, glutamine synthetase, and glu-
tamate dehydr ogenase activities during ammonia and aerial exposure
in Chinese loach (Paramisgurnus dabryanus)

ZHANG Yunlong', ZHANG Hailong?, WANG Lingyu®, GU Beiyi’, FAN Qixue’

1. College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China;
2. College of Fishery, Huazhong Agricultural University; Key Lab of Freshwater Animal Breeding, Ministry of Agri-
culture, Wuhan 430070, China

Abstract: Chinese loaches (body weight: 18—25 g) were exposed to 30 mmol/L NH,4CI solution and air (exposure
time: 0, 6, 12, 24, 48, 72 h) to assess changes in tissue glutamine content, glutamine synthetase (GS) activity, and
glutamate dehydrogenase (GDH) activity during ammonia loading and aerial exposure. Glutamine accumulation in
liver and muscle, as well as GS activity in the brain, liver, and intestine, were observed with increasing duration of
ammonia and aerial exposure. In all analyzed tissue except the liver, GDH activity was significantly affected by
ammonia and aerial exposure. Our results suggested that Chinese loaches respond to internal ammonia increase
through glutamine accumulation. Glutamine synthetase then stimulates the glutamine formation pathway and
converts ammonia into non-toxic glutamine. The marked increase of GDH activity in the intestines demonstrated
that intestinal GDH is more important than intestinal GS in the overall defense against ammonia toxicity. Across
the exposure period, variation in liver GDH activity was not affected by ammonia and air, nor associated with a
concomitant increase in GS activity and glutamine content that probably occurred due to efficient glutamine re-
plenishment via transaminase action.

Key words. Paramisgurnus dabryanus; glutamine; ammonia exposure; aerial exposure
Corresponding author: FAN Qixue. E-mail: fanqixue@mail.hzau.edu.cn



