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Fig.1 The effect of salinity stress on the activities of
gill Na*/K* -ATPase in swimming crab
The Na*/K*-ATPase activity changes for the 2™ and the 6"
gill in swimming crab during 3 groups of salinity stress were

shown in the figure a and figure b, respectively.

http : // www. scxuebao. cn



10 #4 VLW, %5 R A X =R TR Na* /K ¥ -ATPase [iff i AU =200 1477

2.2 HEME1dHZERTFERTE Na*/
K" -ATPase fgi&E K EL IR

3 ZHERAE (40.25.10) 2500 F, 3 IRICHEI 4
FISZEZE UL 2, a1 d i, & 2R T =
M FHERT 5 XS Na™ /K™ -ATPase [ 5 {4+
AR K, M 3 X Na™ /K™ -ATPase [ fiff
TE B2 3 = T 5 X,

»EE? 1 B340
835 1o~

o o ° i

Z a3
Ao S 1.2+
EER
<,‘"< T

| oo |
+ O " 08
Maﬁg_d i
+\'_‘\

mg+ 0.4+
Z:E i

2 %

G3 G4 G5 G6 G7 G8
g gill

Gl G2

2 HEME 1 d KR FEEITER
Na* /K" -ATPase EiE Y L8
X AR PR TR & X6, B G1 ~ G8 43 5ilfRKEE 1 ~8
XTI Y f#R Na* /K * -ATPase B
Fig.2 Comparison of the activity of each gill
Na* /K" -ATPase under salinity stress
one day in swimming crab
Gl — G8 on X-axis represented the 1% — 8™ gill of swimming
crab respectively, and Y-axis represented the activity of Na*/

K* -ATPase.

3 e

5T & BK A H S sh Py xs S BE AR Ak 1) 3
JNF, 5 LT o R I B BB R SE A, 1 R
3oy 8 Na*/K*-ATPase i /F F'®'; TOWLE
AP R K AR R FE S Y Na ™ /K * -ATPase £
HEFFHLARES TR B FEZAEM, JF A Na*/
K™ -ATPase [if} i K/ 5535 715 6 7 o 354 %
XEERFFE 4 FR ] Na* /K™ -ATPase £ /K4 H 72 5))
I IR 7, Na* /K -ATPase f /i
T AT LA e B 5 2l g %) A Bt R B AR AR 1) 3
BEJT o
3.1 HEMB=.4% FEEL Na' /K" -ATPase
FEE T

H T RSN KRR BE AR, KA H Fe B )
PR A A A PR T AL, 1 22 25 XK A B 5 8
YITEA R ER T 840 4 ) Na™ /K™ -ATPase [iif
AL HEAT T WF5E. BROOKS 45 3if &k £

YR ( Gammarus pulex) fHF5E & B0, b T 5 R B K
B K A W s sh Witk AR B K AR b s
HHERY Na* /K" -ATPase [ il % 14 K, H & 5
M9k L 55 7K PR 22 ] 1) 98 35 R 26 TEAH OG5 A AF
GER I, WK ) R M W 58 3l W) e v R B K BR
Birh SR B ER K IR 455 v, Na ™ /K ™ -ATPase
{14 Tl 3% 43 39 0 35% ~ 58% ', il HURTADO
S L2T0 S5k FL 44 1 X6 R ( Litopenaeus vannamei ) [
5%, LUCU 252 St /i Jp I ( Homarus gammarus )
HIBFSE , PAN 2810 5t | 2 3 %R ( Marsupenaeus
Jjaponicus ) W HL AN IR S50 A —3, R4
ATl i 2 A AN [e] 1k o7 A =X, LT 9 6 ) B
Na*/K"-ATPase [if}if 75 £ B B AR A 35 2t 0 3E
PR = o

SRR TR IO A SE g A I, B Na™ /K™ -
ATPase G 2 SE N, LI, 5 FREIFE T
PRI, M =P TR 10 TMa 1 d
J&i 6§ Na* /K™ -ATPase B W] . T Ff, 6 Na™/
K" -ATPase i1 (1) T K5 2040 i 1558 3% v Y [
I, N/ A Na ™ (C1™ (48 A, Bl B X 2
— Rl Bl B RO R L R, SRR T
Na* /K" -ATPase [ BB i ] 35 4 2 %7 T,
LR ER BE W am F T =P R B3 R
o AEE 3 KIFR, 68 Na® /K" -ATPase Jiff i T
FEJTla TRE , W] = PetR 1B TT Bhad B 19 3k
FEK B, TEHhEE 40 SE54H h, B Na™ /K™ -
ATPase fifiif 2 I N5 LI BT RER
H EAMERE 10 H AT IR L5 R W R AR 4
Na™ /K" -ATPase [ 22401 LR 45 R KW, =98
W BT B2 AR A Y I 5 AT RE 23 R 3 AR —
S N, I Na™ /K™ -ATPase i T
Wi, O TR0, O 1 d Ac A s 5 — o STy
191, Bt Ab AN [A) 3k B B 5% Y 5 22 fil 8, Na ™/
K™ -ATPase [} {5 ¥ i 2 8 L+, #8757 8 8 5 F
s B Ja aE Y, 2 Y PR TR RN B
75 FEH BT, Na™ /K " -ATPase [ i #a T 16 &2,
e 238 W T Y R BE K B
3.2 ZERTFESWNBESFRIEMESERAT

JKAE R ZE 30 1) 853 oA i 0 R L i 6 1Y
FEAEH N, 5 SRR EEAE R T B8
FEPY o Tk A B 5 Sh 8 Y Th RERT 9 © 24iF
HY,Na™ f1 CI™ (4L ia g & R I8 17 1 3 i £ 2

http : // www. scxuebao. cn



1478 Koo

S ¢

35 4

TS P LOPEZ %) B 5% U
( Cyrtograpsus angulatus ) 1€ £ FE 35 35 48 1k i
4 ~8 X HErf & X Na* /K * -ATPase Jiff i 9251k
0L , A BUER BE R AR A s AN [ X B8 g Na ™ /K™ -
ATPase [T (19728 A g 52 A [7) , 158 1 90 8 45 o i
Na™/K"-ATPase 158 1% 12 Fi8 i3 [ b v AR
RRANAT

AW B R 45 R =R 785 3 %
Na™/K"-ATPase {5 .25 5 T I 5 X 6 A il
I, 5 DR GE 1 i 526K A B 52 3l ) 25 2R A0 —
SR Sk R A S,
B GBI ( Macrobrachium rosenbergii) > £ %} fif
[y Na* /K *-ATPase Fijif 366 % 2 5. =96
T AR Na ™ /K™ -ATPase [1)fiff 1 22 5 B i
) ST AT B 8 R B T 3%
HROLREILIG 3 X

S 3K :

(1] pefyg, &R L, Bifs. o =itk 78 Portunus
trituberculatus Miers BT 5T [T ]. 4 W, 1997,
15(4) :60 —65.

(2] AP, AR, WOt , 46, R TT e M B I 5 1
FIUFRWESELT]. Ol ,2003(3) 1136 —141.

(3] ook, Bahms, MESE, 45 WL = HEm 788 Jr il
BUIR[T]. Tkl , 2007 ,07:39 —41.

(4] WE=, BB, RER HEBEEFEERIM]. AL
B PR R, 1986,194 - 196.

(5] FTRIT R TEMIE R ORI ] P 2 5¢
AaY) ,2005,3 .12 —13.

(6] EGHEM, THIL, % =R T EAR L)
MAZZSHMERY SR 5 0 S [T ] B2 37 41,2003 (9)
30 -31.

[7] MARTIN D. Structure-function relationships in the
Na® K" -pump[ J]. Seminars in Nephrology,2005,
25(5) :282 —291.

[8] MORTH J, PEDERSEN B, TOUSTRUP-JENSEN
M, et al. Crystal structure of the sodium-potassium
pump|[ J ]. Nature , 2007 ,450 : 1043 —1050.

[9] LUCUC, PAVICIC J, IVANKOVIC D, ef al.
Changes in Na®/K*-ATPase activity, unsaturated
fatty acids and metallothioneins in gills of the shore

dilute seawater

crab Carcinus aestuarii  after

[T ]
Physiology, Part
Physiology,2008,149(4) :362 —372.

[10] CRAMBERT G, HASLER U, BEGGAH A.

acclimation Comparative ~ Biochemistry

A: Molecular & Integrative

Transport and pharmacological properties of nine
diferent human Na® | K*-ATPase isozymes [ J ].
Journal of Biological Chemistry, 2000, 275 (3 ) :
1976 —1986.

[11] TANG C H,LEE T H. The effect of environmental
salinity on the protein expression of Na®/K™-
ATPase,Na* /K" /2Cl~ cotransporter, cystic fibrosis
transmembrane  conductance  regulator, anion
exchanger 1, and chloride channel 3 in gills of a
euryhaline teleost, Tetraodon nigroviridis [ J ].
Comparative Biochemistry Physiology, Part A
Molecular & Integrative Physiology, 2007 ,147 (2) .
521 —-528.

[12] PALACIOS E, BONILLA A, LUNA D, et al.
Survival, Na* /K" -ATPase and lipid responses to
salinity challenge in fed and starved white pacific
shrimp ( Litopenaeus vannamei ) postlarvae [ J ].
Aquaculture ,2004,234.(1 —4.) :497 —511.

[13] FURRIEL R, MCNAMARA J, LEONE F.
Characterization of ( Na®, K* )-ATPase in gill
microsomes of the freshwater shrimp Macrobrachium
olfersii[ J]. Comparative Biochemistry Physiology,
Part B:Biochemistry & Molecular Biology,2000,126
(3):303 —-315.

[14] COROTTO F, HOLLIDAY C. Branchial Na* /K" -
ATPase and osmoregulation in the purple shore crab

LI
Biochemistry Physiology, Part A; Molecular &
Integrative Physiology,1996,113(1) :361 —368.

[15] GARCON D, MASUI D, MANTELATTO F, et al.
Hemolymph ionic regulation and adjustments in gill
( Na®, K" )-ATPase
acclimation in the swimming crab Callinectes ornatus

[T ]
Biochemistry Physiology, Part A. Molecular &
Integrative Physiology,2009,154 (1) :44 —55.

[16] SILVA E,MASUI D, FURRIEL R, er al. Regulation

by the exogenous polyamine spermidine of Na, K-

(' Hemigrapsus  nudus ) Comparative

activity  during  salinity

( Decapoda, Brachyura ) Comparative

ATPase activity from the gills of the euryhaline
swimming crab Callinectes danae ( Brachyura,
Portunidae ) [ J ].
Physiology, Part B. Biochemistry & Molecular
Biology ,2008,149(4) :622 —629.

[17] MASUI D, FURRIEL R, MCNAMARA 1J, et al.
Modulation by ammonium ions of gill microsomal
(Na*, K" )-ATPase in the

possible

Comparative  Biochemistry

swimming crab

Callinectes danae: a mechanism for

regulation of ammonia excretion [ J ]. Comparative

http : // www. scxuebao. cn



10 9

T, 55 ERBERE X = e T E Na™ /K ™ -ATPase [iifi 1217

1479

[24]

[26]

Biochemistry Physiology, Part C. Toxicology &
Pharmacolgy,2002,132(4) :471 —482.

MASUI D, MANTELATTO F, MCNAMARA 1],
et al. Na* , K" -ATPase activity in gill microsomes
from the blue crab, Callinectes danae , acclimated to
low salinity: Novel perspectives on ammonia
excretion[ J]. Comparative Biochemistry Physiology,
Part A: Molecular & Integrative Physiology, 2009,
153(2) :141 —148.

AR EEHF LM s, h BB H - J Na”-
K™ -ATPase P55 [T ]. ¥ 76 W) A 18 it , 2004
(3):47 -53.

FART PR T MG SRR [T]. FeFh 2 5F
A ,2005(3) ;12 —13.

BRADFORD M. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein dye binding [J ].
Analytical Biochemistry,1976,72(1 —2) :248 —25.
CHUNG K F,LIN H C. Osmoregulation and Na, K-
ATPase expression in osmoregulatory organs of
Scylla paramamosain| J]. Comparative Biochemistry
Physiology, Part A:. Molecular
Physiology,2006,144.(1) :48 —57.
MORRIS S.

osmoregulation and the evolution of air-breathing in

& Integrative

Neuroendocrine regulation of
decapod crustaceans [ J |. Journal of Experimental
Biology,2001,204:979 —989.

TOWLE D. Role of Na®-K*-ATPase in
regulation by marine and estuarine animals [ J ].
Marine Biology Letter,1981,2.107 —122.

BROOKS S, MILLS C. Gill Na®-K"-ATPase in a

series of hyper-regulating gammarid amphipods.

ionic

Enzyme characterization and the effects of salinity
[T ].
Physiology, Part A: Molecular
Physiology,2006,144(1) ;24 —32.
LUCU C, TOWLE D. Na®-K*-ATPase in gills of

aquatic crustacean [ J ]. Comparative Biochemistry

acclimation Comparative ~ Biochemistry

& Integrative

Physiology, Part
Physiology,2003,135(2) :195 —214.

HURTADO M, RACOTTA 1, CIVERA R, et al.
Effect of hypo-

A: Molecular & Integrative

and hypersaline conditions on
osmolality and Na*/K*-ATPase activity in juvenile
shrimp ( Litopenaeus vannamei ) fed low- and high-
HUFA diets [ J ].

Comparative  Biochemistry

[29]

[30]

[33]

[34]

Physiology, Part A:. Molecular

Physiology,2007,147(3) :703 —710.
LUCU C. DEVESOVI M. Osmoregulation and
branchial Na®-K*-ATPase in the lobster Homarus

& Integrative

gammarus acclimated to dilute seawater[ J ]. Journal
of Experimental Marine Biology and Ecology, 1999,
234(2) :291 —304.

PAN L Q,LUAN Z H,JIN C X. Effects of Na*/
K*-ATPase and Mg**/Ca’*

groundwaters on Na' /K™ -ATPase activity, survival

ratios in saline
and growth of Marsupenaeus japonicus postlarvae
[ J]. Aquaculture 2006 ,261 (4) ;1396 —1402.
RODRIGUEZ A, GALLARDO M, GISBERT E,
et al. Osmoregulation in juvenile Siberian sturgeon
(Acipenaer baerii ) [ J]. Fish Physiology and
Biochemistry ,2002,26 (4) :345 —354.

CASTILHO P, MARTINS I, BIANEHINI A. Gill
Na, K-ATPase and osmoregulation in the estuarine
1851
(Decapoda, Grapsidae ) [ J]. Journal of Experimental
Marine Biology and Ecology, 2001, 256 ( 2 )
215 -227.

ABEAM G, DUERR J, ZHUANG Z, et al. lon

transport processes of crustacean epithelial cells[ J ].

crab, Chasmagnathus  granulata  Dana,

Physiological and Biochemical Zoology, 1999, 72
(1):1-18.

LOPEZ M, MELIGENI C, GOLDEMBERG A.
Response to environmental salinity of Na®/K*-
ATPase activity in individual gills of the euryhaline
crab Cyrtograpsus angulatus [ J ]. Journal of
Experimental Marine Biology and Ecology,2002,274
(1):75-85.

TRAUSCH G, FORGET M, DEVOS P. Bioamines-
stimulated phosphorylation and (Na™ + K" ) ATPase
in the gills of Chinese crabs, Eriocheir sinensis[J].
Comparative Biochemistry Physiology, Part B:
Biochemistry & Molecular Biology, 1989, 94.
487 —492.

WILDER M, HUONG D, ATMOMARSONO M.
Characterization of Na/K-ATPase in Macrobrachium
rosenbergii and the effects of changing salinity on
enzymatic activity [ J ]. Comparative Biochemistry
Physiology, Part

Physiology,2000,125(3) :377 — 388.

A: Molecular & Integrative

http : // www. scxuebao. cn



1480 Ko ¥R 35 &

Influence of salinity stress on the activity of gill Na*/K*-ATPase in
swimming crab ( Portunus trituberculatus )

JIANG Shan '** | XU Qiang-hua '***
(1. Key Laboratory of Oceanic Fisheries Resources Exploitation of Shanghai Education Commission,
Shanghai Ocean University , Shanghai 201306 , China ;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources ,Minisiry of Education ,
Shanghai Ocean University ,Shanghai 201306, China ;
3. College of Marine Sciences ,Shanghai Ocean University ,Shanghai 201306 , China )

Abstract; The swimming crab, Portunus trituberculatus,is an important marine fishery and aquaculture
species. Water salinity conditions influence its artificial propagations. In order to understand its adaptation
mechanisms to environmental salinity changes, we investigated gill Na®/K*-ATPase activity in the
P. trituberculatus exposed to different salinity stresses. Forty-five male adult crabs were divided into 3 groups
(15 crabs for one group)and acclimated to three different salinity conditions(10,25 or 40). The 2" and the
6" gills of three crabs from each treatment were sampled on days 0.5,1,2,3 and 5, respectively. In order to
compare the Na* /K" -ATPase activities among different gills of a crab, we sampled all the eight gills from
three crabs from each salinity group on day 1. Na®/K*-ATPase activities were measured by Molybdenum
blue spectrophotometric method. Data were expressed as mean and standard error( mean + SD) and one-way
ANOVA was used for statistical analysis. The results indicated that the activities of gill Na*/K*-ATPase in
three salinity treatments decreased in the primary period,increased gradually,decreased again and reached a
plateau finally. In addition, the Na®/K™*-ATPase activities of the three posterior pairs of gills were
remarkably higher than those of the five anterior pairs of gills. Based on these results, we proposed to divide
osmotic regulation into three phases: passive stress phase ( the decrease of the Na*/K™*-ATPase activities) ,
positive regulation phase ( the elevation of the Na* /K " -ATPase activities ) and adaptive phase( the stability of
the Na* /K™ -ATPase activities). The three posterior pairs of gills were the main sites of ion transportation
and osmotic regulation in P. trituberculatus. This paper revealed the regulations of Na*/K*-ATPase
activities of P. trituberculatus during salinity stress, and facilitated the understanding of physiological and
salinity adaptative mechanisms in this species.

Key words: Portunus trituberculatus; salinity stress; gill; Na* /K" -ATPase
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