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Abstract

Crabs widdy distribute through aquatic to terrestrial habitats. They
are excellent experimental species to study the morphological changes
and physiological adaptation during their terrestrial invasion. Decapod
crabs are species of marine ancestor. The hemolymph osmoregulation in
brackish water is crucial for a successful terrestrial invasion. Generaly
speaking, crabs can actively uptake or excrete ions upon salinity change,
and the gills play amgor role among the osmoregulatory organs. There
are several enzymesinvolved in the osmoregulatory process, including at
least Na', K*-ATPaseand H-ATPase. Na', K*-ATPase provides the
driving force to establish an ion gradient acrossthe epithelia cell
membrane in marine crabs. It has been reported that the osmoregulatory
mechanisms in the freshwater crabs are different from those of the marine
ones and suggested that the driving force may come from H'-ATPase by
generating the H™ ion gradient to facilitate the ion flow. | chose 12 species
from two families for my experiment. In the first part of my study, | used
the immunohistochemistry method to clarify the distribution of
H'-ATPasein 12 euryhaline crabs. According to the distribution of
H'-ATPase, these 12 crab species can be separated into 3 different groups.
The crabs of 1% group had the cytoplasmic H-ATPase in each gill. The
crabs of 2" group didn’t have a uniform localization of H-ATPasein
each gill or cellsin single gill lamellae. The crabs of 3¢ group had the
apical H-ATPasein each gill. In the second part of this study, | correlated
the location of H'-ATPasewith the variation of Na', K*-ATPaseactivity
among 12 crab species between salinities. The 1% group had a
significantly greater Na', K*-ATPase activity difference than the 2 and



3% groups. The crabs from the 1* group that had agreater Na',
K*-ATPase activity differences between salinities were found to have the
cytoplasmic H*-ATPase Those speciesthat had ardatively stable Na',
K*-ATPaseactivity during salinity fluctuation tended to have an apical
distribution of H*-ATPase The third part of my study isto estimate the
H"-ATPase activity of Uca formosensis, the crab that is known to have a
stable Na', K*-ATPase activity. The differencein H-ATPase activity
between salinities was almost significant. The protein level of H™-ATPase
was not significantly different between sdlinities. In conclusion, my
results supported the hypothesis that H'-ATPaseplays a crucia rolein the

freshwater adaptation in branchyuran crabs.



Péqueux 1995
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hyper-osmoregul ator
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Schubart et al. 1998

trade-off
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Greenaway 1992; 1994



gill

antenna gland intestine
hepatopancreas
2002
Péqueux
1995 Uca sp. 4
3 9 Linet al.
2002
lamdlae
cuticle
septum
margina channel basolateral

membrane diffusion barrier



anterior gills
2-4um

10-20 pm

diffuson barrier

Barraet al. 1983; Pégueux 1995; Takeda

et al. 1996; Luquet et al. 2000

ATP

Luquet

1997; Lignot and Charmantier 2001; Luquet et al. 2002

Henry 1994

Family: Ocypodidae Family: Grapsidae



Order: Geograpsus Order: Cardisoma

Family: Gecarcoidae

nodule

Farrelly and Greenaway 1992

extrabranchia structure

lung-like structure
Taylor and Greenaway 1979; Innes and
Taylor 1986 carbonic anhydrase
CA CO, Henry and Cameron

1983; Farrelly and Greenaway, 1994

Innes and
Taylor 1986; Santos et al. 1987 Morris 2002

CA



cuticle

Rainbow Black 2001

Necora puber Carcinus maenas Eriocheir sinensis

Cooper and Morris 1997
Mananes

2002



Cyrtograpsus angulatus 3 Na',

K*-ATPase

Helice formosensis

Na', K'-ATPase 2004

Carcinusmaenas Callinectes sapidus
Gecarcoidea natalis
antenna gland Na', K'-ATPase

Greenaway 1994; Varley and
Greenaway 1994; Morris and Adamczewska 1996; Dela-Cruz and

Morris 1997; Morris and Callaghan 1998

Na', K'-ATPase

Na', K'-ATPase



membrane-bond protein

2 asubunits 2 Rsubunits

110kDa 55 kDa ATP
3 Na 2 K
AT Pase P-type
Lodish et al. 2000
mitochondria-rich cell, MRC
Leeet al. 1996; Hwang et al.
1999 spiny lobster Palinurus elephas
Na', K*-ATPase
Na', K*-ATPase
Na' Na'
Lucu et al. 2000
Na', K"'-ATPase

basolatera membrane Na', K'-ATPase



Na',

K*-ATPase Towle and Kays 1986; Towle et al. 2001
MRNA
Towleet al. 2001
Na', K'-ATPase

Towle 1993; Piller et al. 1995; Lucu and Flik 1999;

Castilho et al. 2001; Lin et al. 2002; Mafnanes et al. 2002

Na', K'-ATPase
Carcinus
maenas
Na', K'-ATPase
Lucu and FHik 1999

B H'-ATPase

H™-ATPase

Vocuolar-type H*-ATPase F-type

ATPase F,F,ATPase, ATP synthase



Perzov et al. 2001  V-type H'-ATPase transmembrane

V,doman V; doamin V,domain 8
subunit  A-H headpiece 3 A 3
B 1 Esubunits dgdk C D F 3 G H subunits
V,doman 4 M100 M40
M17  M9.7 M?9.7 subunit
mature H'-ATPase H'-ATPase
ATP H* catalytic site V; doamin
V, doamin H'-ATPase Forgac 1998; Wieczorek et
al. 2000 Vodoman  V; doamin
assembling disassembling Wieczorek et al.
2000
H'-ATPase H'-ATPase

intercalated cells (ICs) MDCK (madin-darby canine
kidney) cdl line goblet cdls
MRC
H'-ATPase

MDCK cell H'-ATPase



Fafd et a. 1997; Silver et al. 2000

H-ATPase K* Klein 1992: Maddrell and
O’ Donndll 1992; Wieczorek et al. 1999

H'-ATPase

H*-ATPase Na', K'-ATPase Ehrenfeld and Klein
1997: Klein et al. 1997: Wieczorek et al. 1999; Jensen et al. 2002
H'-ATPase

H'-ATPase

Wieczorek et al. 1999:;
Waehrauch et al. 2001; Jensen et al. 2002

Morris 2001

H"-ATPase 18

H'-ATPase



Eriocher sinensis  Chasmagnathus granulatus
Carcinusmaenas  Callinectes sapidus

Wehrauch et al. 2001

H -ATPase
C_Carbonicanhydrase
Carbonic anhydrase CA CO,
CA
Kirschner
2004 CA
CA CO,
HCO; H* gpical membrane  H'-ATPase
HCO; /Cl exchanger  Band Il exchanger Henry et
al. 2002 CA

Carcinus maenas Callinectes sapidus Homarus gammarus
Uca lactea CA

Henry 2001a; 2001; Pavicic-Hamer et al. 2003



CA
CA
membrane-bound CA  cytoplasmic CA
cytoplasmic CA membrane-bound CA
CO;
CA short-term
modul ation

CA Henry et al. 2002

Na'/H" exchanger Shetlar and Towle 1989; Towle
etal. 1997 HCO; /Cl exchanger Whestly et al. 2001  Na'
channel Cl channe Na'/K*/2Cl  cotransporter  McCormick

et al. 2003 Argininekinase  Kotlyar et al. 2000



Morris 2001

maenas Callinectes sapidus

membrane Na', K'-ATPase

Na', K'-ATPase
Na'
Na'" channe
Cl CA
Cl channel
H'-ATPase

Carcinus
basol ateral
Na"
Na" Na
Na'/H" exchanger
HCO; Cl
Na', K'-ATPase

Eriochar snensis

Na"

channel Na'/H" exchanger 2Na'/H" exchanger



Morris
Na Na', K'-ATPase
Kirschner 2004

H"-ATPase H

Na'
Na" channel Na'/H" exchanger Cl
CA HCO, Cl
Cl channel Morris 2001; Jensen et al. 2002,

Kirschner 2004

H'-ATPase
Carcinusmaenas Callinectes sapidus

Eriocheir sinensis H*-ATPase

Na', K'-ATPase Weihrauch et al. 2002

H'-ATPase Na', K'-ATPase



Onken and Putzenlechner 1995; Morris 2001
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H'-ATPase
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K*-ATPase
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3 1
Macrophthal mus abbreviatus
Macrophthal mus banzai
Hemigrapsus sanguineus Hemigrapsus
penicillatus Uca lactea
Uca formosensis Helice formosensis

Perisesarma bidens
Chiromantes dehaani
Ocypode stimpsoni Chasmagnathus convexus
Eriocheir

snensis



Family: Grapsidae 7
Family: Ocypodidae 5

Eriochair snensis

Chasmagnathus convexus Helice formosensis
Hemigrapsus sanguineus Hemigrapsus
penicillatus Perisesarma bidens
Chiromantes dehaani Macrophthalmus
banzai Macrophthal mus abbreviatus
Ocypode stimpsoni Uca lactea
Uca formosensis
60x40x50
28 20 14
/10 25 ppt  parts per thousand,
%o
35 5Sppt 35 ppt 1000

mOsM/Kg



5 ppt 150-200 mOsm/Kg

Cordife scientific grade marine salt,

USA
S ppt 7

P.Gs, 4% paraformal dehyde and 5%

glutaraldehyde in 0.1M PB 4 12-15 PBS
phosphate buffer solution
xylene parraffin

5um LEICA, RM2125RT
poly-L-lysinesolution Sigma Xylene 2
3 100% 95% 2 10

3% H,O, in 100% methanol 10



P4G5

PBS 2 3
200 4 12-18 PBS 2 3

HRP/Fab polymer conjugate, Zymed

45 PBS 2 3 aminoethyl carbazole
(AEC) single solution chromogen, Zymed 30
Hematoxylin  Zymed 3

GVA mounting solution, Zymed
Nikon 600 1000 Nikon, Plan Apo

60x/100x Nikon D1

H"-ATPase R-subunit
Molecular Probes
P.Gs
750 mOsm/Kg 700-900

mOsM/Kg

4% Paraformaldehyde (Sigma), 5% Glutaral dehyde (Wako),

0.1 mM NaH,PO, (Merck), 0.1 mM NaHPO, (Merck), pH=7.2,
Osmolality = 750 mOsm/Kg

PBS (Phosphate Buffer Solution) 136.9 mM NaCl (Merck), 2.68 mM



KCI (Merck), 10.15 mM NaHPO, (Merck), 1.76 mM KH,PO,

(Merck), pH=7.4

proteinase inhibitor Homogenizing
medium Ultrasonic processor,
SONICS 4
6000 g 15 20160 g 20

Na', K" -ATPase H"

-ATPase -75

800 pL 200 pL Protein Assay Bio-Rad
U-2001 Spectrophotometer, HITACHI

595 nm



Homogenizing medium 25 mM Tris-HCI (Bio-Rad), 0.25 mM Sucrose
(Merck), 20 mM EDTA (Sigma), 0.4% Sodium deoxycholate
(Sigma), pH=7.4

Proteinase inhibitor 3.31 mM Antipain (Sigma), 2.16 mM Leupeptin
(Sigma), 63.86 MM Benzamidine (Sigma), 100% Aprotinin
(Sigma)

PBS (Phosphate Buffer Solution)  136.9 mM NaCl (Merck), 2.68 mM
KCl (Merck), 10.15 mM NaHPO, (Merck), 1.76 mM KH,PO,

(Merck), pH=7.4

PBST (Phosphate Buffer Solution with Tween 20)  136.9 mM NaCl
(Merck), 2.68 mM KCI (Merck), 10.15 mM Na,HPO, (Merck),

1.76 mM KH,PO, (Merck), 0.2 % Tween 20 (Merck), pH=7.4\

(A) Na', K" -ATPase

Na', K" -ATPase
700 nm Pi Na',
K" -ATPase Na', K'-ATPase
oudbain  reaction medium Ouabain Group ATP

ADP Pi ouaban reaction



medium Ouabain Free Group

400 pL reaction medium 100 uL ATP
stock solution 30 15 200
WL TCA stock solution 4000 rpm 4

500 pL 1mL Bonting's color reagent
Colormetry Solution 20
U-2001 Spectrophotometer, HITACHI 700
nm Pi
Enzyme Specific Activity of NKA

[ P (M) =+ | (mg)] = [ (hr)]

Quabain Group 20 mM Imidazole (Sigma), 130 mM NaCl (Merck), 10
mM MgCl, (Merck), 5 mM Na,ATP (Sigma), 1 mM Ouabain
(Sigma), pH=7.4

Quabain Free Group 20 mM Imidazole (Sigma), 100 mM NaCl (Merck),
30 mM KCI (Merck), 10 mM MgCl, (Merck), 5 mM Na,ATP
(Sigma), pH=7.4

ATP Stock Solution 25 mM NaATP (Sigma)

TCA Stock Solution 30 % Trichloroacetic acid (Merck)

1.8 mM



Bonting's Color Reagent 560 mM H,SO, (Sigma), 8.1 mM Ammonium
molybdate tetrahydate (Sigma)
Colormetry Solution 176 mM FeSO, (Sigma) in Bonting's Color

Reagent

(B) H'-ATPase

Na', K" -ATPase
50-100 ug reaction
medium ImM OQOuaban 1mM  Sodiumazide 1mM

Sodium ortho-vanadate Na', K" -ATPase P-type F-type ATPases

Bafilomycin Free Group 1uM
H'-ATPase BafilomycinA; Sigma V-type
H'-ATPase Bafilomycin Group Bafilomycin Al

DMSO Dimethyl sulfoxide
H'-ATPase
Enzyme Specific Activity of HA

[ P (M) + | (mg)] = [ (hr)]

Bafilomycin Free Group 20 mM Imidazole (Sigma), 130 mM NaCl

(Merck), 10 mM MgCl, (Merck), 5 mM NaATP (Sigma), 1 mM
Ouaban (Sigma), 1 mM Sodium azide (Sigma), 1 mM Sodium



ortho-vanadate (Sigma), 10 uL. DM SO (Sigma), pH=7.4
Bafilomycin Group 20 mM Imidazole (Sigma), 130 mM NaCl (Merck),

10 mM MgCl (Merck), 5 mM NaATP (Sigma), 1 mM ouabain
(Sigma), 1 uM Bafilomycin A; (in DMSO) (Sigma), 1 mM Sodium
azide (Sigma), 1 mM Sodium ortho-vanadate (Sigma), 10 uL
DMSO (Sigma), pH=7.4

ATPstock solution 25 mM NaATP (Sigma)
TCA stock solution 30 % Trichloroacetic acid (Merck) 1.8 mM

Bonting’s Color Reagent 560 mM H,SO, (Sigma), 8.1 mM Ammonium
molybdate tetrahydate (Sigma)

Colormetry solution 176 mM FeSO4 (Sigma) in Bonting's Color

Reagent
20 pg/ Lane
H-ATPase R-actin
5% 12% 50
100 PVDF NEN life science
20 25 5% PBST
1 4 15-18 PBST 3



Intelligent Dark Box |1 with Fujifilm LAS-1000
digital camera
Image Gauge 4.0,
Fujifilm H'-ATPaseR-subunit  R-actin
HA [3-subunit/3-actin PVDF
Coomassie Brilliant Blue
anti-yeast vacuolar H'-ATPase
[3-subunit monoclonal antibody Molecular Probes  Anti-R-actin
monoclona antibody Sigma HRP
Horseradish Peroxidase goat anti-mouse IgG Zymed
Western Blot chemiluminescence reagent plus  NEN

life science

Loading Dye 10 % SDS (Bio-Rad), 10 % Glycerol (BDH), 0.1 %

Bromophenol blue (Sigma), 0.5 M Tris-HCI (pH=6.8) (Bio-Rad), 5
% 3-mercaptoethanol (BDH)

Running Buffer 27.5 mM Tris-base (Bio-Rad), 191.8 mM Glycine

(Bio-Rad), 3.5 mM SDS (Bio-Rad)

Transfer Buffer 48 mM Tris-base (Bio-Rad), 40 mM Glycine (Bio-Rad),

0.13 mM SDS (Bio-Rad), 20 % Methanol (Merck)



Coomassie Brilliant Blue 1.21 mM Coomassie Blue (Merck), 40 %
methanol (Merck), 1 % Acetic acid ( )

PBS (Phosphate Buffer Solution) 136.9 mM NaCl (Merck), 2.68 mM
KCI (Merck), 10.15 mM NaHPO, (Merck), 1.76 mM KH,PO,

(Merck), pH=7.4

PBST (Phosphate Buffer Solution with Tween 20) 136.9 mM NaCl
(Merck), 2.68 mM KCl (Merck), 10.15 mM Na,HPO, (Merck),

1.76 mM KH,PO, (Merck), 0.2 % Tween 20 (Merck), pH=7.4

H-ATPase
Morris 2001

S ppt

H-ATPase

H'-ATPase

region cytoplasmic region



35 ppt

Na', K'-ATPase

Na', K'-ATPase
35ppt  Sppt

Na', K'-ATPase

K -ATPase
Na', K'-ATPase
H'-ATPase

Na', K'-ATPase

K*-ATPase

Uca formosensis

Na', K'-ATPase

S ppt

Na',

one-way ANOVA

Na',

H'-ATPase

H'-ATPase



3BSppt Sppt 7

H'-ATPase Lin 2002

Na', K'-ATPase

35
ppt 5 35ppt
Na', K-ATPase H'-ATPase H'-ATPase

t-test



12 H*-ATPase

afferent vessel
Taylor and Taylor 1992
H'-ATPase 12
H'-ATPase H'-ATPase
cytoplasmic region H'-ATPase apical
region
M. banzai Gill 68
H'-ATPase
Gill 6 M. abbreviatus
Gill 6-8
H'-ATPase Gill
6 U. lactea Gill
6, 7 cuticle fuzzy

layer H'-ATPase H'-ATPase



Gill 7
AEC chromogen
H'-ATPase

U. formosensis

Gill 6,7 H'-ATPase

Gill 6
O. stimpsoni
pillar cell subcellular space
H'-ATPase
Gill 6
M. banzai, M.
abbreviatus H'-ATPase
U. lactea U. formosensis
O. stimpsoni
H. sanguineus Glle Gill7

Gill 6



H"-ATPase

A B Gill7 H'-ATPase
C D H. penicillatus
Gille Gill7
H'-ATPase Gill 6 A
Gill 7 C D
P. bidens Gille Gill7
H'-ATPase
Gill 6
A B Gill 7 C D
C. dehaani Gill 6-8
H'-ATPase Gill 6

A B Gill7 Gill 8
Gill 7
H'-ATPase Gill 7
D C. convexus Gill 6-8

H'-ATPase



Gill 6-8 Gill 7
H. formosenss
H*-ATPase Gill 6-8
Gill 8
E. dnenss Gill 6-8
H*-ATPase Gill 6-8
H-ATPase Gill 8
7 H*-ATPase
H*-ATPase
12 H-ATP=se
12 1 H -ATPase
2
H-ATPase P. bidens H*-ATPase

H'-ATPase

H. sanguineus



H-ATPase

H'-ATPase

12 Na', K'-ATPase

Na', K*-ATPase

bidens H. formosensis
Gill 6
Na', K*-ATPase
+
7.88+£0.28
13.56 + 2.09
stimpsoni

+3.05 H. sanguineus

3.72+0.07 H.penicillatus

5.16 C. dehaani

M. banzai, U. lactea, P.
8

35 ppt S ppt

pumol Pi/mg protein/hr

M. abbreviatus

1.42 +0.27 U. formosensis

1472 +166 O.

448 +2.82 6.17

4.86 +2.30

1.27

585+

3.57 3.80 C. convexus

348+0.19

1.76 £0.83 E. snensis



717 +1.62 12.66 + 6.25

H'-ATPase
Na', K*-ATPase one-way ANOVA
Na', K'-ATPase

F,10=7.28, P=0.0112 Duncan’s Multiple Range Test

1 Na', K'-ATPase

P<0.05 2 3
Na', K'-ATPase
U. formosensis H-ATPase Na,
K*-ATPase
5 35ppt
H-ATPase Na', K'-ATPase H'-ATPase
H-ATPase t-test

t=2.182, P=0.054, n=6 Na', K'-ATPase
t = 0.488, P=0.636, n=6

H'-ATPase 3-actin



H'-ATPase
[Sactin relative intensity t-test
H'-ATPase

t=0.558, P=0.590, n=6



1938 Krogh

70 Krogh 1938 cited in Kirschner 2004
Ucalactea U.formosensis Ocypode
stimpsoni 9 7
Taylor and Taylor 1992

Taylor and Taylor 1992

pillar cell

MRC



Mitochondria-rich cdll MRC

Perry and Laurent 1993

H*-ATPase
P.bidens C. dehaani

H. sanguines H. penicillatus

Na,
K*-ATPase Mafianes 2002
Na',
K*-ATPase
Gill 4 Cyrtograsus angulatus

Dilocarcinus pagel
" thin epithelium ” Cl
” thick epithelium” Na" Onken and McNamara

2002



Ussing-chamber

Carcinus maenus Callinectes sapidus Eriocher
snenss Waelhrauch et al. 2001; Jensen et al. 2002; Onken and

Riestenpatt 2002 Ussing chamber

H-ATPase
H'-ATPase
O. stimpsoni  C. convexus C. dehaani
E. Snensis
U. formosensis  H. formosensis
H'-ATPase

M. banzai M. abbreviatus



H'-ATPase H.
sanguineus H. penicillatus
H'-ATPase
C. maenas
H'-ATPase Weihrauch et al. 2001

C.maenus Na ClI

Na', K*-ATPase
Onken and Riestenpatt 2002
H'-ATPase
Weihrauch et al. 2001 E. sinensis Na'
Cl H'-ATPase
Onken and Putzenlechner 1995
H'-ATPase Uca
tangeri
H'-ATPase
Drews and Graszynski 1987; Krippeit-Drews et al.
1989

H-ATPase 12



H"-ATPase 2 H'-ATPase

3
H'-ATPase
Na', K*-ATPase
1
Na', K'-ATPase
M. banzai, 2001; U.
lactea, 2002 3 1 1
Na', K'-ATPase U.
formosensis, B; O. stimpsoni, ; H. formosensis, 2002
2004
H'-ATPase Na', K*-ATPase
H'-ATPase
H'-ATPase
H-ATPase
Na', K*-ATPase H'-ATPase

intercalated cells ICs

ICs K* H'-ATPase



Silver et al. 2000 MDCK cdl

H-ATPase
H'-ATPase
Feifd et al. 1997
H'-ATPase K* Klein 1992; Maddrell and
O’ Donnell 1992; Wieczorek et al. 1999 tobacco hornworm
Manduca sexta midgut goblet cells
H-ATPase Na', K'-ATPase

Wieczorek et al. 1991; Wieczorek 1992: Wieczorek et al. 1999

H'-ATPase
E. Snensis
H'-ATPase Cl
Onken and Putzenlechner 1995 Uca
tangeri Cl
H'-ATPase Krippeit-Drews et al.
1989  Waehrauch 2001 C. maenas
H"-ATPase R-subunit H'-ATPase

vescles

H-ATPase



crayfish Cherax destructor

crayfish Na depletion H'-ATPase
H-ATPase
Zare and Greenaway 1998
H*-ATPase
H'-ATPase
Rana esculenta H'-ATPase
MRC Na" Na'
H'-ATPase Na',

K'-ATPase Ehrenfeld and Klein 1997: Klein et al. 1997: Wieczorek et
al. 1999; Jensen et al. 2002
MRC  H'-ATPae MRC  apicd crypt

H"-ATPase

Klen et al. 1997
H*-ATPase

H*-ATPase Klein et al.



1997

MRC MRC
H'-ATPase

Na' Caliborne et al. 2002

gtingray Dasyatis sabina H'-ATPase

MRC Na', K'-ATPaserich H*-ATPaserich

MRC Na" Cl
H'-ATPaserich MRC Piermarini and Evans
2000; 2001 Mudskipper Periophthalmodon schlosseri
MRC apicad H'-ATPase Wilson et al. 2000

killifish Fundulus heteroclitus
Na H-ATPas Na', K'-ATPaserich

Katoh et al. 2003 H'-ATPase



H'-ATPase

H'-ATPase
1995
H'-ATPase
Bafilomycin A,
H'-ATPase

K*-ATPase

formosensis

H'-ATPase

E. snensis

H'-ATPase

H'-ATPase

Onken and Putzenlechner

U. formosensis

U. formosensis Na,
H'-ATPase
A U.
H'-ATPase
Bafilomycin A,
Bowman et al. 1988
ls Ki
goblet cell s 20 nmol I'*



Drose and Altendorf 1997

1 uM Rana esculenta
10 pMm 70% H'-ATPase Klein et al. 1997
E.snenss 1puM  Onken and Putzenlechner 1995
crayfish Cherax destructor  0.16 uM  Zare and Greenaway 1998
NEM N-ethymaemide
Bafilomycin A, NEM

NEM-sensitive H'-ATPase activity

H'-ATPase Lin and Randall 1993 1
mM NEM U. formosends  NEM-sensitive H-ATPase

NEM-sensitive H'-ATPase Na', K'-ATPase

NEM H'-ATPase
Bafilomycin A,
Bafilomycin A, 1uM P-type ATPase
Na', K'-ATPase Drose and altendorf

1997 U. formosensis E.
snensis 1uM reaction medium

H'-ATPase



U. formosensis

H'-ATPase H'-ATPase
H'-ATPase
Vodoman  V;doman
assembly/disassembly H'-ATPase
activeform  inactive form
Kane 1995; Sumner et al. 1995; Wieczorek et al.
2000 H-ATPase Na', K'-ATPase Na',
K*-ATPase

Lucu and Flik 1999

H'-ATPase
H'-ATPase Na', K'-ATPase
H-ATPase
Na', K'-ATPase

U. formosensis Na', K'-ATPase



H-ATPase

H'-ATPase



Na', K'-ATPase
H'-ATPase
Na', K'-ATPase

H"-ATPase

H'-ATPase

H'-ATPase

Uca formosenss



2002

44
2004
Na', K'-ATPase 46
2001 Na', K'-~ATPase carbonic anhydrase
2002 44
2001 43
2002 Scylla serrata Na',

K*-ATPase
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study on gills of acrab acclimated to fresh water. Tissue Cell. 15,
583-596.
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cytoplasmic region

12 H'-ATPase
Habitat Gill 6 Gill 7 Gill 8 n
Ocypodidae Macrophthal mus banzai IT C C C 1 4
Macrophthal mus abbreviatus IT C C C 1 3
Uca lactea IT/BI C X - 1 3
Uca formosensis BI/T A A - 3 4
Ocypode stimpsoni T A A - 3 4
Grapsidae Hemigrapsus sanguineus IT/BI A<C C X 2 2
Hemigrapsus penicillatus IT/BI C A>C X 2 4
Perisesarma bidens IT/BI A C X 2 4
Chiromantes dehaani BI/T C A A 2 2
Chasmagnathus convexus BI/T A A A 3 3
Helice formosensis BI/T A A A 3 4
Eriocheir sinensis FW A A A 3 4
12 Gille Gill 8 C, H'-ATPase
A, H*-ATPase apical region - : A<C,
H'-ATPase i A>C, H'-ATPase
H'-ATPase 1 2



12 Na’, K'-ATPase

Reference
5 ppt n 35 ppt n
Ocypodidae  Macrophthal mus banzai 10.69 + 1.47 5 115+ 118 3 9.27 1t 2001
Macrophthal mus abbreviatus 7.88 £ 0.28 2 142 + 027 2 5.54 1t
Uca lactea 28.63 + 4.49 5 16.62 £ 538 5 172 1t 2002
Uca formosensis 13.56 + 2.09 13 1472 £ 166 8 0.92 3
Ocypode stimpsoni 448 +2.82 4 6.17 £ 305 7 0.73 3
Grapsidae Hemigrapsus sanguineus 4.86 £ 2.30 2 372 £ 007 2 131 2
Hemigrapsus penicillatus 7.27 1 5.16 1 1.40 2
Perisesarma bidens 126+ 114 4 11.26 + 0.28 3 1.12 2 2002
Chiromantes dehaani 585+ 357 2 3.80 1 154 2
Chasmagnathus convexus 348 £0.19 3 176 £+ 083 2 197 3
Helice formosensis 8.04 £3.22 3 921 + 133 3 0.87 3 2002
481+3288 9 362 + 112 9 1.33 3 2004
Eriocheir sinensis 7.17 +1.62 4 1266 £ 625 4 0.57 3
5 ppt 35 ppt * 45 ppt
§, 3ppt T, Na', K*-ATPase 1 F2,10=7.28,P=0.01
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region
Modified from Onken and Riestenpait,
1998
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Macrophthalmus banzai
Gille A H'-ATPase
B
Negative control Scaebar 10 p

m n, cu, cuticle  se, septum
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.

Macrophthalmus abbreviatus
Gille A
H'-ATPase
B Negative control Scale bar
10um n, cu, cuticle p, pillar cell
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Ucalactea

H*-ATPase

7z A

Gi

CU,

trol Scdebar 10 y m n,

Negative con

fuzzy layer

f

Se, septum  p, pillar cell

cuticle
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Uca formosensis
Gille A H'-ATPase
B
Negative control Scaebar 10 p m n,

cu, cuticle se, septum bc, blood cell f, fuzzy
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Ocypode stimpsoni
Gille A H'-ATPase
B
Negative control Scaebar 10 y m n,
cu, cuticle se, septum  p, pillar cell  *, subcellular

space
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Hemigrapsus sanguineus
Gille Gill7 A Gill6 H*-ATPase
B Gill 6
Negative control Scalebar 10 ym C Gill 7
H*-ATPase
D Gill7 Negative control Scale bar

10 p m n, cu, cuticle se, septum p, pillar cell be, blood
cell f, fuzzy layer
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Hemigrapsus penicillatus
Gille Gill7 A Gillé H*-ATPase
B Gill6
Negative control Scalebar 10 ym C Gill 7
H*-ATPase
D Gill 7 Negative control Scale bar

10 pm n, cu, cuticle  se, septum  p, pillar cell
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Perisesarma bidens

Gille Gill7 A Gillé H*-ATPase
B Gill6
Negative control Scalebar 10 um C Gill 7
H*-ATPase
D Gill 7 Negative control Scale bar

10 pm n, cu, cuticle  bc, blood cell
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Chiromantes dehaani

Gille Gill7 A Gill6 H*-ATPase
B Gill 6
Negative control Scalebar 10 um C Gill 7
H*-ATPase
D Gill7 Negative control Scale bar
10 um n, cu, cuticle p, pillar cell bc, blood cell



Chasmagnathus granulatus

Gill7 A
H'-ATPase
B Negative control Scale
bar 10 ym n, cu, cuticle se, septum

p, pillar cell f, fuzzy layer
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Helice formosensis
Gill8 A H'-ATPase
B
Negative control Scalebar 10 p m n,
p, pillar cell cu, cuticle  se, septum  f, fuzzy

layer
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Eriocher sinensis
Gill8 A H -ATPase
B
Negative control Scalebar 10 y m n,

cuticle se, septum
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Na', K'-ATPase Activity

H -ATPase Activity
(nnmol Pi/mg protein/hr)

(mmol Pi/mg protein/hr)

0.35
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0.10 —
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5 ppt 35 ppt
Salinity
20 ~
16 |- [ [
12
8-
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0
5 ppt 35 ppt
Salinity
U. formosensis S5ppt 35 ppt
H-ATPase Na', K'-ATPase
(A) H-ATPase
tP=0.054,t=2182,n=6  (B)
Na', K*-ATPase

P=0.636,t=0.483, n=6
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5 pnt

H*-ATPase 69 kDa

B -actin 42 kDa

35 pnt

H-ATPase 69 kDa

B -actin

42 kDa
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Relative Intensity
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U. formosensis H*-ATPase 5
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H'-ATPase B -subunit P -actin
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