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Activity of Na* /K" -ATPase from the gill of
the giant tiger shrimp ( Penaeus monodon )

FANG Wen-hong, WANG Hui, A1 Ql-tang. L[ Guo-bao
( Enast China Sew Fisheries Research Institute . CAFS . Shanghai 200000, China )

Abstract: The sodium-polassium dependent adenosine triphosphatase (Na™ /K * -ATPase) is assumal o he a key
enzyme in adaplive process in eurvhaline aquatie organisms . This paper demonstrated activity of Na* /K* -ATPase
in hranchial preparations from the: giant tiger shrimp ( Penceus monodon. ), examined the ion and substrale
requirements and effects of incubation temperature, pH and incubution time., Maximal enzyme activity was oblained
at 50 1o 1080 mM Na', 25 10 30mM K*, 8 to 20mM My~ ' , Nu: K ratio of 2: 1. and pH a1 7.0 10 7.5. The
activity of Na' /K" -ATPase increased with the inereasing of incubation temperature, ‘The inercasing of incubation
time resulted in a close 1o linear relcase of phosphate from the snbstrates catalysed hy Na®™ /K -ATPase. Maximal
activity of Na®™ /K" -ATPase was munad ai 1.0mM ATP-Na, , while activity of Na® /K™ -A'TPase was not promoled
with higher concentrution of ATP-Nas.

Key werds: enaeus monodon 5 gll Na~™ /K™ -ATPase; aclivily

Na'/K*-ATPase T {5 1 -4 2 M (O 20 B MG ARE |, S54RI AR T Nat K 3B BB R T 4)
T . ATPase TE¥E Nat (K™ M2 * FRGE A2 S ATEEL, KA 0 el | L M2 & ey BT
BT, Quinn A lane' " CTIKHE 7 W 75 S M b R 2 BT 70 Na®* /K" -ATPase, I H I T 6 Y A2 314
Na* /K* -A'lPase iSHERYRER-2 5, —ntiﬂ SRR KT AY S M R AN R 5 KK BY Nat /Kt -ATPase 0%

WRB R :200009-12
F—EE L (1968 - ), B il B0 AL W FLTFSE A, BN A S a0 ik g LK T K 1990 KK AL Fomail:

wenhonglang @ sins . com



] B4 F AT XTORBR Nat /K™Y -ATPase ()35 M: 141

P, 7 75 ( Callinectes sapidus ), BB | R EE X B A Na* /K*-ATPase 8, RLEXRIKEDE 2
Wi H R TAR M RS A AL SRR i K, M8 Nat /KT -ATPase TEHE R 1R 3T DY Nat /K-
ATPase [EME-+7), WA A Y: Na* /K* -ATPase 7% PE I 5T 4 SF AT 2% thiRsE AR 2102710 (At 4 %
SR Nat /7K' -ATPasc IGVEARIBEE V. BEWTHAR AT st ik ahty, e miRAk A F A K. T
fe 515 A IR FEFR L AL FBHH Na* /K -ATDPase #5453 1k, £ 45T UL L Na* /K* -ATPase & TEAA L X R
LA Bl T B A s+ B L OL I, 60T I AR R R AR B Y A A S RE LR R fr SRR T
FIETE . AREE T AN R R CE AT TR BN & FAL. K 35 B @) F0 3 B 5 Xt
Na* /K* -ATPasei& Hi fUSE M , Ky 5 )5 18— 2 JTIE Na* /K™ -ATPuse i P 0F 70 3% 14710 T ot 774%

U bR ik

1.1 R RR

M THBETT R AR B B AT IR T . RPUFIE IR T 48 7~ 10d T %  ERHE ) 0 10, KK
MR AR KL, 43 240 L 170 e A, IR AR B 40 23 ~ 250, H I M & RAUMRIE RIR W A, Kot
HEPT, B K%K 172, LUYSTITEE TR BRI 13 ~ 19,
1.2 Habib 38

I2b A 1 R MK &, BT A RERR K B A ORI TR e s B Uk G R 9 K
Y oK 2 3R (213K #% - 0. 25mol /L A 8K, Ginmol /1. EIVTA-Nas , W8 20mmal /1., 0. 166 B8 %0 HH 8% 4, pH
6.8).. KA BITL MR 1Y EBOEL TSI RS P20, e A 45 vk 2000/ min, 203K 15min /17, ¥ 41PR I #
h, SR B TUKOK e th . 53R R AF VR S0 B0 L 8800/ min 10 20mim, 1A MR TE T K A it
Na® /K *-ATPase G PE LU/E #0040 M 8h YT S,
1.3 Na*/K+-ATnmofﬁt£wM£

VKT -ATPase 55 FEIIGE S 0] B R RS ATP-Nay K i 15 B0 A0 K HLEE P R 270

Iy {2. 129 % % Wheahy HI Henry TS I T2 Nat /K - AT ase TE PRS0 INAE KT IEAEIN b
KT ATEAERT (HI A I IUHE ) ATP B CHLBE Pi it 20T R I

HCO. Tml. #1LE8 X0 A G 2ml B o 0 WO oE A5 1 8. 52 3@ M A B AT 100mM NaCl,
20mMKCEH SmM MgCly , 20mM KM plE 7.8) 3 4 BUALET 28 A BT A1 130mM NaCl, SMm MeCly, 20mM B
T "3 &{FCpH 7.8) . BT A A 0. 2mi, SOmM ATP-Nap CHIRR 04 s 10, ROSiEI JF IR . 15 25°C F &%
T2 ASmin  MA 0.1l 50% <5 2880 -T2, 46 5000e/min R 50 10min, B ImL LW A @ PiIE . &
W TE M T AR, S R 2590, Nat /K* -ATPase M2 04 T ORI Folin-f ik
FL R Nat /K AT Pase DS FESLN 59 nimol Pi/(ing Proleinmin) ,

1.4 BAgub
P PE R 3 DT A4, 888 3 A BE0Y - T £ B X (Means = ISE) .

2 4R

200 BENEARRT Nat (K* I M2+ e BT TRE T X AR AE Na* /K ' -ATPase 1& T K 42 W
Mgl R 05 4 P Nat (K iﬂMg2 WL, 4 MBS TR A b Nat K I M@ FER Nat /K” -
ATPase FFPEMRF (R 1.2 M 3), Na® K™ FI Mg " X B8 Na* /K* -ATPase 15 W (14 5 o 5 A 8 {0, fISHK [E
MBS rHe B A&, Na' /K ' -ATPase ;mwml-ﬂ- YL FA B Na* KY M M@+ T & B — a8 TR
B B IGPE A SV AL B S BT M kAR T O, B A0 TE M (R R L ME T — JR GBS R L Nat W R
50 ~ 100mM . K* ¥ R 25 ~ 30mM M2 WS A & ~ 20mM B, BE4T X UFAZ Na* /K* -A'lPase 7 EPEE



142 1% K7 K& ¥ H ILE:3

2.2 Na* :K* HXT BT 5T 4F4% Na* /K * -ATPase 1 7§ RY 52 0
Na*/K*-ATPase B5 5/ i Na* K* B8 FRA AL, 450 130mM, 318 Na* :K* LB, 0 F A 7]
* K HB T Nat /K" -ATPase EPE(E 4) . Y Na* K* HR7E 1020 ~ 1:2 28], Na* /K * -ATPase i
PEAZE 30nmal Pi/(mg proteinmin) LA b s Na* (K * 46 1051 ~2:1 Z ], Na* /K* -ATPase G HER &

B R
i f == 30 p
=5 40 b2 25
£F 30k NPT
Sz 20 R
[ e 7 10
P 10 P ; 5 -
- E 0 | I S S T S é 0 A 4 A
- D 50 100 158 200 250 300 - ¢ 20 40 60 80
N ARIE Y AUERIL
11 S A FUA Na® W4 BRETT A 9 A P2 0 A TR K e FEE X 44179 X 9
Na* /K" - ATPase 7 FE ) 5 10) Na* /K - AT ase {75 1 (R) 390
Fig. | Elleet of Na™ concentration on Fig.2  Ellect of K= concentration on giant
giant bger shamp g@ll Na® /K7 - \TPase activiry tiger shrimp gill Na* /K" -ATPase activity
- _7 50 r
e T a0
EE 30 |
20
- 10 -
& . I o : . . L
0 10 20 30 40 50 60 1O 1 51 210 11 12 15 t1o
RN DT kel
P 3 T fe b Wt 0% ) 33 ] B Dy AWy Nas kLA B D 4] b
Na' AR VT Pase 0619582 W Nat /R - T e 36 FE 1Y 572 49
Fie. 3 Flfeet of M concentration on any Fig. 4 Flleet of Nazh o on shamp gl
tiger shninip gl Na™ /K - X TPase acivily Na' /KT = ATPase aetinly

2.3 KRNI pH AT A Na* /K -ATPase 306 P19 #2406

L e 0 1500y pll f04F Na 2 -ATPase 3G FEROSZ M ULIE S Na® /K - AT ase DOV I Biidi pH AT {1 7.0
~ 7.5 270 AU ok 186 ph LI, Nat /K - ATPase D14 {0 10 BB
2.4 JCH ATV~ Na: %) Nat /7K' -ATPase 7519 52 1w

Na' /K ' =ATPase JKUBCH ATP = Nap Qe £ 0F Na* /K -ATPase i VERY 52w 2 75 AT s (19 6)
YTATP = Nap fIG 4. OmMURE, Na* /K * -ATPase G VERE 47 ATP = Nao i I 2 3 558U NG ATP = Nay, X I
I @mMIbE Nt /R -ATPase & PR A FERE £ fn] - KT
2.5 RRIE ASHE Y AFERAR Na* /K* -ATPase 1& T (1 52 Wl

815 AR Nat /K * -ATPase HI4E #4510 S9C 159 . 25C M1 35°C & F 57 3% 4Smin, oAb 2% 11 4
(6], P22 VUL T Nat /K*-ATPase 7§ PF (B 6).. Na®/K*-ATPase {& VK & it T FH &5 i % K, 15C
35CH Na' /K *-ATPase & 15 7514 SCH 25 TR MTELER 24T A #7125 RIS PES 0 15U RS Y 4 £,



135 B AT . BE P A EF AR Na* /K* -ATPase R 1% L 143

2.6 FEWXTLF Na* /K* -ATPase 7E £ [F] [z iz B 4] T P RCEL A Pi B

£ Na* /K* -ATPase R W iIN AJED ATP - Nay i 5.10.20.30.40.50 F1 60min, i€ Na* /K*-ATPase
MBI P E. BRELK P RIBERATM A LS & AR, ot (x) S &at i RAEZH PR
BE(y)#ITRBER, BIR A y=0.0414x +0.2996, FH X R & R2=0.9864, B W[8 8,

2 z 35
¢ £ )
i 1y
T2 N
e T =10
= £
A = = 5
- EN
5 6 7 g 9 ’ [ ] i 2 3 4 5 6
pliL AT a2 # o
B 5 RS IR A pH (80w 15 4 4F P&z A gift ATP - Nao e 180 BE 1T 4 BR
Na* /K~ - ATVase T L P52 1K) Nu™ /Kt -ATPase 1645V 32 0
Fig.5  Effect of pH on shrimp gill Fig. 6 Effcet of ATP = Ny concenteation on giant
Na® /K*-ATPase activily liger showp ol Na™ /K7 -ATPase activiy
80 7032 - 30
) =7
X 20 i
I
40 [ 33.94 1.5 i
e SR NV
: 'y B
3 __ 20 | 408 74 ' 0.s
:: [\ in_=} D - R L - 0.0 o . \ . . L
3 B2 3 0 10 20 30 40 S0 60 70
A il win
L7 SO0 AT B R L& B V5 X SR Na b /K =N Pase BRI PSR
Na* /K* -ATPase i TR 5% 00 SR AP ES
9.7 Effect of temperature on gianl tiger Fig.8  Aecommlation of inorganic phosphiate lrom giant liger

shuinp @il Na* /7K' -ATPase activily Awinp gl Ka~™ 7K -V Pase at increasing inenbalion limes

3 Wi
IFSE Na®t ZKY - AT Pase 3§ VRN, A AS W78, W09 00 1 Al £ A D O 53 F0AS Il i)l 5 1 Rl
M0 | DR AR MEHE GE 15 4 S8 B Na* /K - AT ase 36V R SEAB HIC A k45 e 42 ol DAER A 010
Na® /K* -ATPase $FFE, SV ATAREE Na* /K -ATPase 5Pk 15 20 W5 00 4 36 A KL, 25000 U2 £y ASB] 2
it
ARTY P ATP RHLSF 1.0mM, Na* /K* -ATPase 34 ¥R EA £ b, 5 JOA0AY: & (R 7825 4L A5
fikAS D s W B B8 ( Cellinectes sapidies )i.ﬂ TR K B HE ( Orconectes limosus ) #1 3f§ W% & ( Hemigrapsus
mudus )18 Na* /K* -ATPase {EREHIH L A F SmM i, JUBE A9 55 71 14 51 5405 5 1 Stern 35 O A 0P 5 % (€
T 4F ( Macrobrachium rosenbergii )8 Na* /K* -ATPasc 3L, ATPO. St H 11 ] 74 50 fe A A 16 7%
Rusacker # Chavin! "2 if pH ek iy b i K24 22 At ATPase 18 14, F2-H M A M 538 pH AT 7.0 -
7.5 2080, Coretto 1 Holliday! " (53 16 B 4L 4888 Na* /K ' -ATPuse B ¥ERT pH LR 7.2, Kasiol 7 650 %
K& ar8gat pH (% 7.25, Stem A TIRE ST B (K 1 o B8 W 1% £ pH LN 7.5: 1 Wheatly i chry“”ﬁlf‘afl"



144 E®AKTKFEM

10%

th ¥t B EF ( Pacifastacus leniusculus ) Bf pH k7.8, BRBITHE pHEARR, REX AL LRI E R
% b &AT B H Wheatly 1 Henry!® ) 3%, 45 pH A & K 7.8, 12 i K0 73 ), BE ¥ 3F 4R 88 Na* /K" -
ATPase pH i B E Y 7.0~7.5,

ARBFEENFR M RERHEN 8~ 200M, & T ARKE AT & EHEE (SmM), 5 Coretto 1
Holliday! "V 8[ 75 18 38 4% 8¢ ( Hemigrepsus nudus ) BEET ) Mg?* ¥ FE (10mM) 4B 835 . i YR /K B R T 8 (T8
#FBIAE Nu* /K* -ATPase B EIE M2t /R FESY S 2.3 #1 2.5mM.,

TS XTEF4R Nat /K ' -ATPase X Na* K* 4K ¥t (Na* i 1 5 108 ~ 200mM . K* ¥ FE B 20 ~ 30mM Bf
AR DTy LA B AN, N8 - rkEa TR REEREL, K2R WLEM
AR RTELSRTEFEPIEM L),

A Nu* K* A M T 43 BE 5 34 €F08 Na* /K * -ATPase iG#E 5200 = A 1, ¥ Na® (K* F M2+ %
% @At Na*/K* -ATPase ¥ KB U — T HIIE M (MY 1.2.3 F14), 5 Comtto and Holliday 172 K* ¥ FE thf
MU A Nat /K ' -ATPase 5 10545 RADAL, W EL A #E #F 0 7E M M0 A B0 o SL BB A0 IS PERIE . X2
TR RPN AL R ATEL AT 8 it — B 5L,

AKX B A B LB OK P RCF AT RO L 6 AR AE b, 4 ot S

BRXM:

11l Quina D J, Line € E. loaic regulation and Na, K — siimulated ATPase activity in the land crb Cardiovoma granfiuami | .I].Comp Dicrehem
Phystal, 1966,19:533 - 543.

(2. Towie D W. Equivalence of gilt Na* /K* -ATPuse from lne cralmeclinuted 1o high and low sadinl 1], Am Zawl, 1974, 1451259,

'3 Manied L H, Owea . Siadics on the Na© + K+~:u'!it';1!-('d ATPase o crab gi]la‘EJ; . Am Zool, 1976, 16:223.

‘4. Neufeld G 1, Holliday C Wy Potchand J B. Salinity cadptation of gill Na, K-AlPase in the blue caby, Cadlinectes seepidus )], ) Lixp Zool, 1980,
211:215-224.

150 Hollidy € W. Salinity-induced chamgss in gill Na, K-ATPase activity in the wid liddier veabs, e pugreer[ )+ Exp Zool, 1985,233: 199 = 208.

6! fowle D W, Membrune-bound ATPase in athmpod ion-transporting tsswes, !, A Zool, 1984,24: 177 - 185,

|77 Towle LW, Palaer G, Harris J L. Role of gt Na' + K -dependent ATPase: inacelinwtion ol blue crabs Caltinectes sapidus 10 low slli"i')’[.]]‘
5 Exp Zowol. 1976, 196315 - 321,

187 Whealty M C, Henry R I°. Brwichial and antennal gland Na* /K -depamlent ATPase and cinbonic anhvdeise activity during salinity acelimation of
the curvhaline crayflish Parifestacus feninseudus( L. J Exp Biol, (987.133:73 - 86.

9] Kosiol B, Bigalke T, Graseyski K. Puitication and characierzotion of ill (Na* (K* )-All%se in the freshwater craytich Orconects limosus
Ralinesquel S |, Comps Biochem Physiof , 1988, 8918 : 171 - {77,

10 Comoite B S, Holliday € W, Branchinl N, K-ATPase and Osmorggslation in the Puple Shore Ceals,  Hermigrmpsus nusdus (Dana ) [) . Comp
Biochem Physiol, 1996, 113A:361 - 368

Lol et A7 A BB R E B BT /BRI AR iR M B ALCHT I RRL 197918 - 19,

2] KR A A 1 A IV e 6 ST ST 1984, 165 - 166,

(13} Stem S, Borwt A, Coben D. Chametesization of Na— K ATPase from the gills of the frexhwater prawn Macrobrachium resendiergii (1)e Man) | )]
Comp Binchern Pliysiol, 1984, 79R:47 - 50.

1d] Busacker G P. Chavin W Chasetesization of Na' + K* - ATPase and Mg-A'lPase from the g1l and the Kidney of the goldfish ( Crrassins asrates
L), Comp Biovhen Physiol, 1981, 69B:249 - 256.

(51 Skou J €. Efects of ATP on the intemediary steps af the teaction of the (Na* + K* )-dependent enzyme system . |1, Elfect of a vaciation in the
AIP/MZ* mtio i ). Biochium Biaphys Acta, 1974,330:246 ~ 257.

16) Holliday C W. Heanchial Na®* /K -ATPase and osmorcgulation in the isopod. fdoten wosnenskii[1]. ) Esp Biol, 1988,136:259 - 272.



