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Ae A L AAR R A 2 4, X AR R Y
s S AILEIIEAN IR s e /K, Ak
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R (AK ) FIFLBRME Z8E (LDH ) iEPEIE .
FIATTVE TR 1Y 0.25 mol- L FEMIATR B AL, FHK
REFE ISR, SR T AN (% AL (CCO) |
BRI R AN (SDH ) FISESARERL R (FRD )
TP E
1.4 EgEHENE

CCO EMMES% Affonso 251 Jrid:; FRD
I IES % Xiao 2P )74 LDH G HERIE
Sk AN Ok, ROVR R A TE, AR
PRt AR R FLIR, AN A DI E AR LDH J64E,
G A4 7 2 3 SDH &M E R 2, 6-
A E A R e (RS TR R AR Y
TSGR ) 3 AK IGPERFH = oubbsmE A Z ik
ZEEME", ROVARR A 870 ul S g% M,
30 uL f#?ﬂﬂ@ﬁ?& 750 uL 2.5% =L K% S
W BRI M TR DA I B
(BSA) jﬂ‘m/ﬁ%éﬂﬁ%ﬁé‘%ﬁ{ﬁﬂﬂéﬁo I
ABHE AN Umg!, RERHLEPE R mg

S AP IS SRR

1.5 HIBEDH

KISPSS13.05EHH A F A v e it oo oK
PO [R] — Jo e JEE A 4% S P 2 Y G 1 550 hoAy

T EMIES s Xt

— I 20 P9 AN [ i e 28 2 e

PR3 A TR R 2R 5 22508 ( One-Way ANOVA ),
B e T Levene )y 5 ER T, A HAA SFMERER A
LSDE; B0 81 T 2 5 HL K

2 HER545%
2.1 BZARBEMEZE CCO FHET K
F 1 A UL, X BB ZH e AN [R] Asf 221 Bl 6 134 G i

%%%‘ TEGRACPIINGE T H AT IR PR AT ALIA 2
AL CCO 1EPEH B TR, 0.6 mgL! éﬂ)ﬂiﬂﬁﬂﬁn
HJII*J?H 48 h i CCO &P HIH 1.45 Umg' Hl
1.50 Umg', BFEMMTIZFERWEL 0 h MBS
£ (P<0.05), 2 mgL" ZH7E 12, 24, 48 h P
it CCO 1534 38 I T T MR 2 0 h s () AT
M (P<0.05), 7£ 2. 12, 24, 48 h B HLAI G
BEMET 0h( P<0.05),48 h [ P4 16 VERE B A1,
4354 0.94 Usmg™ #10.80 Umg™, J& 0 h i Y 35.3%
H138.6%.
AN [] Jo v 8 4 1] [+] — B 20 /) CCO
H 12 h & 48 h, 3 P IEAREG IS M2 5 0 % (P<
0.05 ). MLALHZ CCO HTEAE 2 h, 12 h i, 2 mg-L™!
HEXTIRLA . 0.6 mg L' 4HEREE (P<0.05), 24
h, 48 h i}, 3 1AIEHEES A B E 225 (P <0.05 ).
BB TR S 48 h, JHERBERR AN 4 o v JiF
H CCO 1EMEM & FTF, 0.6 mg L 4HFRARZHZ 5

F 1 HALYY B Z<BERATAE AR A0 AL P 48 PR R AR i1 E 1 A S P
Table 1 Effects of sulphide on respiratory metabolic enzyme activities of hepatopancreas and muscle tissues in M. nipponense
(ﬁlﬁ AR pl(mg:L™") i
/(Umg™) 0 2 12 24 48 #48
CcCco TR X BEZH 2.87+0.12° 2.77+0.20* 2.72+0.09* 2.81+0.16" 2.71£0.25" 2.76+0.06"
0.6 2.74+0.28" 2.66+0.12° 2.60+0.04° 2.53+0.10° 1.45+0.19™ 2.42+0.08"
2 2.66+0.15" 2.61+0.05" 2.46+0.01" 1.11+0.07" 0.94+0.11" 2.54+0.07°
LA payiicei:] 2.03+0.07* 2.03+0.06" 2.21+0.19* 2.09+0.04° 2.12+0.18" 1.97+0.12°
0.6 2.04+0.10° 2.00-+0.08" 1.97+0.05" 1.70+0.05™ 1.50+0.05™ 2.03+0.14°
2 2.07+0.20° 1.8240.11° 1.5140.13™ 0.80+0.08" 0.80£0.08" 2.02+0.03"
SDH TR X BEZH 4.02+0.12° 4.27+0.11° 421+0.33" 4.17+0.10" 4.02+0.43" 4.29+0.18"
0.6 4.12+0.15° 4.15+0.24° 3.63+0.33" 3.20+0.14 3.08+0.19™ 4.1240.28"
2 4.16+0.21° 3.73+0.36" 3.71£0.23" 3.06+0.31" 2.95+0.15" 3.8940.22°
LA it HE 41 3.46+0.03" 3.3940.36" 3.4340.18" 3.2740.34° 3.2240.24° 3.3540.20°
0.6 3.29+0.04* 3.22+0.09 3.16+0.05° 2.66+0.12" 2.54+0.12" 3.1040.05
2 3.11%0.06 3.23+0.06° 2.90+0.06" 2.82+0.11" 2.350.10" 3.14£0.17
FRD SRR payiisd:| 1.69+0.01° 1.71+0.12° 1.710.03° 1.70+0.03" 1.72+0.06" 1.710.06"
0.6 1.68+0.01° 1.78+0.09" 1.93+0.09™ 2.08+0.12" 2.13+0.04™ 1.7420.06"
2 1.71+0.05° 1.85+0.06° 2.24+0.09" 3.43+0.33" 3.60+0.23" 1.71+0.06°
LA X BEZH 1.37+0.38" 1.38+0.03" 1.39+0.03" 1.38+0.01° 1.36+0.02° 1.39+0.04*
0.6 1.38+0.04° 1.58+0.08™ 1.5740.04™ 1.75+0.09™ 1.65+0.08™ 1.45+0.02°
2 1.44+0.03° 1.97+0.06™ 2.04+0.09" 2.13+0.17" 2.25+0.07" 1.36+0.05°
LDH LA Xif HEZH 3.40+0.08" 3.330.07" 3.41+0.24° 3.4040.09" 3.38+0.43" 3.3240.16"
0.6 3.45+0.80° 3.92+0.25° 5.39+0.53" 5.88+0.18™ 4.2140.65° 3.5040.33"
2 3.50+0.16" 5.33+0.19" 5.71+0.17" 5.93+0.65" 3.83+0.35" 3.31£0.11°

B V= AR E 2, n=3; [ —BF 2R R A AR B EFR (a, by o) FREREE (P<0.05); * LR [F— b A
215 0 2223 B (P<0.05); #48 MfERRGTILY)RTE G 48 ho
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MIAC B EER (P>0.05), 2 mgL' 45
XHHRZH . 0.6 mg L 4R EE (P<0.05), 34
WIRHZ S LR #2255 (P>0.05).

2.2 HZARBHHL SDH iFMHTK

BT . ALY REE 24, 48 h i, 2 mg L4
IR B TE P SR PR . 0.6 mg L' HEREE (P
<0.05), 3 HANPAHLEH B EREE (P<
0.05). fEBEFLYIZTR)G 48 h i, KRk EH

h#E 1 B, ARZIXTIE4A SDH i&1E FPBIREES TR E XA RAKE, WIRAEFE D
TR EER (P>0.05), MiLYREET, PR 1/

LA SDH IE MBS . 0.6 mg- L™ 4 AFBARZH 2
FE 12, 24, 48 hif, WLAZITE 24, 48 h i, T
EEHREMT 0 h (P<0.05); £ 12, 24, 48 h
i, 2 mg-L P RRRUILIA 41 A4 P2 B KT 0
h (P<0.05),

FC A AN TR] Jo R i 44 (][] — Ik 2201 SDH &
2h i} 0.6 mgL" 205 2 mg L' 2. 0.6 mg L™ 2 5%}

2.4 HZABALA LDH &4

M 1 oJUES, sl e LDH iGH 2
PAETF e G AR a3, 0.6 mg- L d7ER ALY iR
12, 24 h i} LDH /&R E®F 0 h (P<0.05), 2
mg L HEHEIETE 2. 12, 24 h N B EEH T Oh (P
<0.05), HCAEALHAEAA R 220 LDH JEPEn] WL, 2
hitt 3 4HAEFEE (P<0.05), 12, 24 hif 24

TR IR S RSP E R 225, H2 mgL' SEERAIEE R TREAH (P<0.05), [HELKAN
G TE TR (P<0.05), 3] 12 h B 3 TREES, BETE A8 h Lk 48h, 3 4A]

TR E LT 24 ] 48 h I}, 3 LA IEME S R
% (P<0.05); 3 HNLNHSFFEVELE 2 h WY E
FHES, 12 h i 2 mgL!' HEHGMERELT 0.6

IR EZESR (P>0.05). UiHREEMERS LDH I&
PR 25 K-,
2.5 HZARBEMAELA AK iFHETL

mg- L™ AN BRZH( P < 0.05 ),24 .48 h I1},0.6 mg'L™ MR 2 AW, Bl 2 eE 5 R AT LA 2
A2 mgL' HBEMTRIEA (P<0.05), R 4L AKEIEZEWTHE . 0.6 mg L' ANFEARAL AK
ALY #EE )G 48 h, FFREIRAINLNZIZY SDH 16 1E  EMEfE 2. 12,24 48 h If R E R F 0h (P <0.05),
B ETF, S5t R AR B ISR IC i 25 5 48 hiEMERE ., } 521 Umg! o 0.6 mgL LA
2.3 HBZABIALR FRD iFMHIL HA AK TEPETE 24 48 h MB35 T 0 h( P < 0.05),

TEFR 1 H, XTREKRTZ] FRD 1&METCE &2 F 48 h HBIGME, Hiws FIFERERG, & 8.29

5 (P>0.05), S04 FRD TEMEFG % WAL S 22 )
TF] 2K TSR 0.6 gL 2H Y73 S Bl P it 176 7
12, 24, 48h B & T 0h (P<0.05), WAL
TEMETE 2, 12, 24, 48h BFET 0h (P<0.05),
2 mg L HRFBRIRBHEVERE 12, 24, 48 h M &
F0h(P<0.05), 2. 12, 24, 48 h B LGS
EERT 0h (P<0.05), 748 h L IETEA
SR, 451k 3.60 Umg” #1225 Umg”, 4 0h
I T 110%F1 56%.

WAL 252 2 h i, 3 ZH L L P2
BE (P<0.05), 12 hif, FPBEARFIILA 3 4EHS
PH2EFEHE (P<0.05), FREGAY IR E T

Umg'. 2 mgL" 4UFBEARFINLNHLE 12, 24,
48 h I ATE S B E =T 0h (P <0.05), femfEsr
W7 9.78 Umg™ #110.11 U'mg” . fBRGRILY)5E
J& 48 h, SEBGHHTEPE T RE, 55X) AL BTS2 TC B
Z5% (P>0.05),

P R — I 2044 AK WEPERT I, 2 h B 2
mg-L 20 I 4 4 R T S 2 v TR B4 A 0.6
mg L4 (P<0.05), 7E 12, 24, 48 h N} 3 ZHHHE
PERIIFE R E XS (P<0.05), 2. 12, 24, 48h
IF, 4% o M B 2H LN 2H 2R B G M A A i 2 22 5
(P<0.05), fEbRIGACYIZRERIS 48 h, 3 LHIHRARAN
WAL AR JEMETCE #2225, ULIAMRBR 255 5 hE

®2 Tt BAEER TR AR AL A H S SRR A S R 20

Table 2  Effects of sulphide on arginine kinase activities of hepatopancreas and muscle tissues in M. nipponense

Bl

t/h

/(Umg™) A plmg L) 0 2 12 24 48 #48
AK JH IR Xif HEZH 3.19+0.04* 3.24+0.07" 3.05+0.06* 3.29+0.08" 3.06+0.14" 3.06+0.18"
0.6 3.05+0.11° 3.3740.34™ 4.27+0.18™ 4.56+0.27" 5.21+0.10™ 3.73+0.18"™
2 2.9740.49° 3.68+0.30° 4.38+0.25™ 5.84+0.53" 9.78+0.42" 3.82+0.78"
il it B2 3.37+0.01° 3.31+0.06° 3.47+0.08° 3.34+0.19° 3.23+£0.07° 3.4120.50°
0.6 3.7240.58" 4.20+0.11° 4.40+0.34° 6.27+0.33" 8.29+0.32" 3.45+0.83"
2 3.3940.32° 5.00+0.14" 6.99+0.67" 10.1140.51° 8.91+0.77" 3.47+0.18"

FEE PEAE =P EbRE 2, n=3; [A—IZ0R R R B R R TR SEE B AR (al bl o) FREFEBHE (P<0.05); *FoR [Fl—Fm ik AR %)
HOomZ%EFEE (P<0.05); #48 MR Y RIS 48 h.
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UL AR IEH, REMEEE RE R T R
2.6 HaZ BT R IR A0 AL P 23 20 IR 4R 51 B A0 1
SR BT A LR

bl 45 3% v ok () Jo ok B ] — s 2] 79 2H 2 4%
RS & BE, BFBER CCO. SDH I FRD {11
TR LR BEE M (2 1); MR AK 6
BTN (£2),
3 itig

CCO i FER RN, SR 5 T4 18 R4
WG —30, 8RR LA HILIR RIS A 8 R A
WA LA A, Ik ATP, J2A K ATP
L I3 o EAE R TR I RE A Hhole JCHAE
I, HAE MR/ NS R A SE AR KO, A AT
W e s B Al S CCO LT E Rk
WG FROATEE S, X CCO A ml s P i
W4, AR Sz HASTR AT IR AR AL 2140 CCO T
PEBE A ) B B ] A A R T R R, UEER AR IR
XPH CCO THMAEGRIMHIEN, &b
18 FECH AR A FEACEAZ R, X e Ak A A
Yrb A R iIE . B, JERIKH ( Fundulus
parvipinnis ) FFEAE 0.43~0.75 umol-L” HALHH,
YL EIER CCO TEPEFE 50%!", Affonso %MKt
W &S ( Hoplosternum littorale ) %55 T 72
umol- L™ BiALH /KA, 6 h JFllHZH4 CCO 1k
RIL, WAL CCO TEHM: WML, (U IR
1) 29%, ML H CCO WG AR V)i ( Arenicola
marina ) TERMHALYIHEEE] 10 pmol L i,
CCO FEPERP AN HITY . (HERALPIXT CCO TEVEA
B AROEVER, X AT e i TR Ee KA sh Y 4
RRARAFAE—E B EHLE , 7E HoS MR EE IR I
CCO JEPEMR E Z RREA RO AL HoS, XA FER
BUNFENUARIAR NS, MHLARESA S BT,
i CCO IEMEMSL R, Seubshd s Ak R
M EANE, Bk xTgekifi CCO myaetEAER
ZERW AR

SDH ZATEE R A HifE—15 A LR N B
fifg, SEOTUREEREE—ANE, A50FRE SDH fi#fk
BEIAR A AL AE SRR . FRD 5 SDH fEHMI,
TCARNT s A A A 5 2R IR A BB AR, X A it
Jr AR ATPY YR gl CCO AhE
B LTI 2R AR, V2 AU T SR
=, FRD WM, sDEIFHRERNHER
(17200 gy, 24 A FRHigS ( Urechis unicinctus ) 552
ToifeYrh 48 hiny, HAKEEFFI I CCO i HEH
LT 0, SDH IHPE R (KT X2, FRD i& M 2
FE X R, e e A A LT e 4
I, LDH A4k P R R R LR 2 18] R

b, TENLNAZIR ISR b A2, FLRR 5k
F7A ATP, B RMUARTC A bR, HIE TR
INE—SERRIE RV T ICEACTRE S i AR, A
S Bl A R R B ] A A, H ASTR AR 4
WP A SDH TPk W2 R, JeAEIT I A G
FRD 1 LDH ¥R FJb, XUl HAEEMER
AR aa A IR A SZBE, T JC AT R AR K
R, DAL A BT R . LR LA 44
LDH {5E7E 24 h INASIERCR, 48 h A P 2
AR, fPRmILY RIS 48 h, BETEPER ST, AL
2 RRAK- . BB A AR 24 h TEARREK
RFNEME, 2 48 h TLEACHIZK A U5, ffbss
#% )5 48 h JCAEA IR 2 e mir K- o ALY 45

TER BB ( Colossoma macropomum ) F75 T
YA HGE . A T, KEEE NG RELL
AR AT ST T DA A, I AR R R
WAL, EREFLIR A ATP RMUIAMLRE, 2R
24 h BPASEACHIKA, BH IR FLIR 2 ARG s

(23]

T ICEME (FLRRR ) 7ERE &2 s
AR AE R, nTREE A HARRY 7t SR =)
JEEAE ATP i EHUARRE LT oR , ana2EmR | BE2S .
I HE T 25524 A S R G HE S A
I RERI T, B T MESI AR P IR BE A
AR E RS AK MAEIMALAY, AN RER A
W BHMEIE RIS 2RI fF e, TEAIRATH
I T ST D55 38 1 A 21 P ) 0 RE TR S s A TE
ATP FUEEIR ., A SL rp Rl B4 2 55 1N a] 14
e, HATREF AK IEPEZWITH R, R4
TEVETE 48 h BTG MR B e, JULIA 22U AR
24 h R EIRK, BEEEEEPERAG. XU HTH
AVRERTEGRAL Y] R BE T AT AP A Il il i
ToAA = A  ATP AR, T30 ATP i AR, F
SOl B RRS Z MHLIAR AL RE . Bl A MRS MR
THFE, VRN REEIC AP R EIR L, AK 16T
WA, Gade™ A NHLIATE 32 2 SR RE ARSI, W
PR B L REHLN —3 5 ATP, TR, (BHEE
fiff JTEBE T 2 R W 0 R T #2438 ATP 1 = 2L/EH,
Wl S IR ] Re A A ) E A i —A>
s, A SRR T LR AR P A2 1 ATP ANRE
W LT, BRRRKS ERA Y T ATP 2R M,
XFit Speed® LR AR O ML, H IR RERRKE B
KA TR ( AK) 768 A AR oA i e 40 b
TS AR PR T 2 5 22 (0 S5 I 4 ok T B

ARSI R H A TR IR AR AL SV LA 2 21 ik
P TE AN TR, R A v O 3 T 2 v AL
N, T AK WGP 5 IAHI o Affenosol™ i 18 5 5 47 iy



ERERSE . BRACPIME T F AR SRR A A BE R A QR R

2021

BN CCO T M > AR > OE > B E
> JLPY > 9 > 6l > ¥ . Arun & Subramanian!®" 42
1B T XA ( Macrobrachium rosenbergi ) AS[F]ZH
41 SDH &P JHBREAR > 88 > LA . AK B9ZHZU0 A0
o2, S LA LS A A e K RS A
TRV A S AR AK TE VAR T LA T 45
RHE BRgEIe . FRHGE UL AR AR A A 4

Rt
4 Hig

MULESEIRER AT AR ZE, fifend HA
T A I 0 AR TRl S S BRI 15 3 A — o i
Wiy, AN BRI R B SN AN o B3 25
IFIESE R, HASTHIRIP AR SO, A
SIS R JC AR, LADT SO A B HERE . T
HAUA N BERRAR Z IR TE AK AL TR ATP LBl
PRfERE . (HIE R T IX MIFPIERETT XU EREAH B bR
it HASYRIFRE AN IR AT 2t — D HORTSE . f#
BRIRILYIRER ), H AR AR A B RORS 2 R
BEHEAEIK I D B T AT, X R H AR IR RS
Wi B n HA A RIRE RES .
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Effects of sulphide on the enzyme of respiratory metabolism
and energy metabolism of Macrobrachium nipponense

GUAN Yueqiang, WANG Huichun, LI Li

College of Life Sciences, Hebei University, Baoding 071002, China

Abstract: In this paper, series of Macrobrachium nipponense enzyme activity changing after exposing to different concentrations of
sulphide were investigated. The investigated enzymes included respiratory metabolic enzymes cytochrome ¢ oxidase (CCO),
succcinate dehydrogenase (SDH), fumarate reductase (FRD), lactate dehydrogenase (LDH); energy metabolic enzymes arginine
kinase (AK). The sulphide concentrations were set at 0.6 and 2 mg-L™" and the control with no sulphide. Hepatopancreas and muscle
tissues were sampled at 0, 2, 12, 24 and 48 h. Enzyme activities were tested after 48 h of sulphide exposure removal. The results
indicated that with the duration of sulphide exposure and the increase of concentration, CCO and SDH activities were significantly
decreased (with P < 0.05), meanwhile FRD, LDH and AK activities were significantly increased (with P < 0.05). After 48 h of
sulphide exposure removal, enzyme activities of respiratory metabolic enzymes and AK returned to normal level and there was no
significant difference between the experimental groups and the control group. The enzymes showed tissue dependent. Respiratory
metabolic enzymes in hepatopancreas showed higher enzyme activities than that of musle’s while AK activities of hepatopancreas
were lower than that of muscle’s. It suggested after exposing to sulphide that acrobic metabolism decreased and anaerobic metabo-
lism increased. Arginine phosphate was consumed and transferred its high-energy phosphate bond to ATP as a response to sulphide
environment.

Key words: sulphide; Macrobrachium nipponense; aerobic metabolism; respiratory metabolism; arginine kinase
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