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Review on the osmoregulation o crugacean

PAN Lu-qging, LIU Hong-yu
( The Key Laboratory d Mariculture, Ministry d Education, Ocean University d China, Qingdao 266003, China)

Abstract : Osmoregul ation involves many aspects of physiological function in crustacean. Crustacean species exhibit amost all possible
patterns of osmotic regulation and they are widely distributed in most of known biotopes. With the changes of liquid environment , the
structure and function of the osmoregulation organs (such as gills, antennary glands) , haemolymph osmatic pressure and ionic transport
will turn to maintain the well-balanced metabolism, which are under the neuroendocrine regulation. The current research status of
physiologica mechanism of crustacean asmoregulation was reviewed in the following aspects: 1) Structure and function of gills and
antennal glands (maxillary glands) . The gills are very important organs and play a prominenet role in osmoregulation; 2) Regulation of
ion transport in branchial epithelium. lon transport enzymes (Na™- K" -ATPase, V-ATPase, HCO3-A TPase and carbonicanhydrase)
stimulated by bioamines and cAMP may participate in the ion transport of branchial epithdium in crustacean; 3) Haemolymph
compasition and osmoregulation. Haemolymph concentration of ion and free amino acid accompanied by metabolites of blood can
contribute to the most of haemolymph asmotic pressure; 4) Neuroendocrine control. Many neuropeptides may regulate the osmatic
pressure of haemolymph and proteinsases activity of epithelid gill cells. Bioamines, cAMP and CaM have been proved to stimulate the
uptake of Na* and transport of O~ .

Key wor ds:crustacean; gill ; hemolymph; ion transport; asmoregulation; neuroencrine

[1.2] 1
[3- 9] [10,11]
[12,13] , , (osmoconf ormer)
, (osmoregul ator) 14
’ i , Na* d-
( ) : ;
, 1.1
, ( )
:2004-05-08
(2001 - 3- 6)

(1966-), |, , , , E-mail :panlq @ouc. edu. cn



110 29
, pH

[1]

Na" d-
[15]
[16] .

[17]

( ), ,
[18]
1.2 1
) ( (13D
, Fg.1 Generalised mode for ion transport of
(antennary gland) (max|||ary gland) N branchia q)|thd|um in crustacean
(Decapoda) ,

(Stomatopoda) !
( Orconectes limosus)

1 ’

A TPase
(carbonicanhydrase , CA)

( Padif astacus lenjuscul us) ,

[20]

2
2.1
, Na*-K*-
ATPase V-ATPase HCO; -ATPse  CA
By, Na*-K*-ATPase

ATPase 70 %, V-A TPase

30 %! ,
Na*/ K" Na*/H*

a" /HCOs" '

Na*-K*'-ATPase Na*-K'-ATPase

Na® K* ,
[22]
Na* ) K*
Na* K*
Mgt Na* K'  NH"
(ouabain) ,

V-ATPase V-ATPase
H* , Na
[13] ) H +
Cl "/ HCO;3~
(acetazolamide) , (amil orde) ,
(bafilomycin A1) [
HCO3 -ATPase HCO3; -ATPase ,

a- (241
HCO;3 " )
HCO; ™ -A TPase (NaSCN)
(CA)

, (acetazlamide) (]

Na*/NH,* Na'/H"



1 111
H®  HCO; Na"/H" O /HCOs" Na‘"/ K* Na*
2.2 3
) 5 50mv, , s
Na* d-
, Na* , a- , ,
Na* , a-
Na“/ K" :Na"™-K'- 3.1
ATPase ,
, 2Na®  3K® P KT ,
K* , a- , Na® d-
. Ba* [26];0- Nat/ K* K* [4];
39.5% 49.6%, =4,
( — ), a- Wilder [ ( Macrobrachium rosenbergii)
' (DPC) (%] Na*-K*-201" Na*
; (loop-diuretic furasemide)
, K* NH;* / , ,
a- [27] !
Na'-NH; -ATP (
Na*/NH, , (28 ) , K
1] Na*/NH, Na* ' Na ’
Na*/H" [0 v-ATPase ; o) ’
a” /HCOs” Na*/H* ar ’
, HCO3" CO; ’
[Zfl (SITS) 5006
a ( Metapenaeus bennettae) 40 % (9]
2.3 Lima
(Macrobrachiun dfersii) 21 Na*
, a ,
, (ornithine : Spaargaren! ™’
decarboxyl ase) sl ( Crangon
(cAMP) craengon) 20 %; Dalla Via®
CAMP A (PKA) , PKA ( Palaemon degars) ,
V-ATPase, O / HCO; 55 0% (10]
ar : a- , , 0.85 1.0
a- , Na*-K*-ATPase, Na®  mmo-L" !,
) ) mmol- L1,
CAMP™ PKA — (2] Dala Vvia® 10 50
(CaM) (Litopenaeus vanname ) ( Penaeus japonicus)
Péquex  Gilles!™! 3 ,
a-



112

29

, C ,
[38]
Na® d
[10]
3.2
[14]
Huong 1201 ,
, Cc f
.0, (2] Epgey [
(Callinectes sapidus) ATP ; Conte
141 (Artemiasalina) ATP
[19]
[42,43] , , 3
[44]
NHs-N
40% 90 %, ,
, NHs-N
(4] 15 30 ( Penaeus chinensis)
NH, " Na”* K",
Na"/NH; " .
Na*-K*"-2d" K* 27461
4
, ( Homarus
americanus) ,
, 1 Freire [

( Macrobrachium olfersii) ,

McNamara 4"

(Na* K* d° Mg* ca")

:Berlind  Kamemoto!*®!
) ) 800
1000Da X -
x -
[13,49,50]
Cooke  Sullivan'®!
Na* ;
DA
Na®/ K*-ATPase [92-341 Zg4tal>]
( Carcinus maenas) 50 % ,
DA ,
(ND 5 (5 HT) :Morris  Edwards!®!
(Leptograpsus variegatus) DA cAMP
, Na‘-K"-ATPase ,
Na*/ K" :
DA (0OA) cAMP
Na* [52,56,57]
( 5SHT DA ) cAMP
[52,58] .
) Na*-
K*-ATPase ,
cAMP ,
[50,52,58]

[1] BaraJ A, Péqueux A, Humbert W. A morphological study on
gills of a crab acclimated to freshwater [J]. Tissue and Cdl,
1983,15:583 - 596.

[2] LinSC,LiouCH, ChengJ H. Therole of the antenna glands
in ion and body volume regulaion of cannulater Penaeus
monodon reared in various salinity conditions[J]. Comp Biochem
Physiol , 2000,127A :121 - 129.

[3] Morris S, Edwards T. Control of asmoregulation via regulation
of Na*/ K*-ATPase activity in the amphibious purple shore crab



113

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

Leptograpsus variegatus [J]. Comp Biochem Physiol, 1995,
112C:129 - 136.
ChenJ C, Chia P G. Osmoatic and ionic concentrations of Scylla
serata (Forskdl) subjected to different sadinity levels[J]. Comp
Biochem Physiol , 1997 ,117A :239 - 244.
LimaA G, McNamaraJ C, Terra W R. Regulation of hemo-
lymph osmolytes and gill Na*/ K*-ATPase activities during
acclimation to sadine in the freshwater shrimp Macrobrachium
dfersii (Wiegmann,1836) (Decgpoda, Palaemonidae) [J].J Exp
Mar Biol Ecol, 1997,215:81 - 91.
Onken H, Riestenpatt S. NaCl absorption across split gill lame-
llae of hyperregulating crabs: transport mechanisms and their
regulation[J]. Comp Biochem Physiol , 1998 ,119A :883 - 893.
Lucu C, Devescovi M. Osmoregulation and branchial Na™ , K *-
ATPase in the lobster Homarus gammarus acclimated to dilute
seawater[J].J Exp Mar Biol Ecol , 1999,234 - 304.
Lucu C, Devescovi M, Skaramuca B, e a. Gill Na®, K*-
ATPase in the spiny lobster Palimurus dephas and other marine
osmoconformers adaptiveness of enzymes from osmoconformity
to hyperregulation[J].J Exp Mar Biol Ecol , 2000,246:163 -
178.
Castiho P C, Martins | A, Bianchinin A. Gill Na*, K*-ATP
ase and osmoregulation in the estuarine crab, Chasmagnathus
granulata Dana, 1851 (Decgpoda, Grapsidae) [J].J Bxp Mar
Biol Ecol , 2001,256:215 - 227
Huong D T T, Yang W J, Okuno A, & al. Changes in free
amino acids in the hemolyph o giant freshwater prawn
Macrobrachium  rosenbergii  exposed to varying salinities:
relationship to osmoregulatory ahility [J]. Comp Biochem
Physiol , 2001, 128A :317 - 326.
Wilder M N, lkuta K, Atmomarsono M, e al. Changes in
osmotic and ionic concentrations in the hemolymph of
Macrobrachium rosenbergii  exposed to varing salinities and
correlation to ionic and crystalline compasition of the cuticle[J] .
Comp Biochem Physiol , 1998, 119A :941 - 950.
Freire C A, McNamaraJ C, RosaJ C, & a. Neuroendocrine
control of osmotic regulation in the freshwater shrimp
Macrobrachium dfersii ( Wiegmann) ( Crustacea, Decapoda) ;
Free amino acid concentrations in the hemolymph [J]. Gen
Comp Endocrinology, 1995, 100:83 - 91.
Morris S. Neuroendocrine regulation of osmoregulation and the
evolution of air-breathing in decapod crustaceans[J] . J Exp Bio,
2001, 204(5) :979 - 989.
Pégueux A. Osmotic regulation in crustaceans: review [J].
Journal of Crustacean Biology, 1995, 15(1) :1- 60.
W B, FJ. (
)[M]. ,1982.110 - 117.
Lignon J M, Pégueux A. Transbranchial and transcuticular
potentias in the gill filaments of the crayfish Astacusl eptodectyl us
[J]. Comp Biochem Physiol , 1988, 90A :820 - 829.
Pégueux A. The transepithelia potentia difference of iolated
perfused gills of the Chinses crab Eriocher sinensis acclimated to
freshwater[J]. Comp Biochem Physiol , 1988, 89A :163 - 172.
. [J]. ,
2001,19(1) :44 - 51.
().
1992.40 - 41.

[M]. : '

[D]. ,2001.11 - 12.
Furrida R P M, McNamarabJ C, Leone F A. Characterization
o Na*-K*-ATPase in gill microsomes o the freshwater shrimp
Macrobrachium dfersii [J]. Comp Biochem Physiol , 2000, 26
(B) :303- 315.
) , . Na - K*-ATPase
[3]. ,2001,10(2) :140 - 144.
Onken H, Putzenlechner M. A V-ATPase drives active, dec

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

trogenic and Na "-independent Cl = absorption across the gills of

Eriocheir snensis[J]. J Exp Biol , 1995, 198:767 - 774.

Lee S H. Sdlinity adaptation of HCOg3 -dependent A TPase
activity in gills of blue crab( Callinectes sapidus) [J]. Bio Bigphy
Acta, 1982, 689(1) :143 - 154.

Wheatley G, Henry P. Brachia and antenna gland Na*/ K *-
ATPase and carbon anhydrase activity during sainity acclimation
o the euryhdine crayfish Padfastacus leniusculus[J]. J Exp
Biol , 1987, 133:73 - 86.

Onken H, Graszynski K. Active Cl ~ absorption by the Chinese
crab ( Eriocheér sinensis) gill  epithdium measured by
transepithelial potentia difference[J]. J Comp Physiol, 1989,
159(B) :21 - 28.

O’ Grady S M, Pdfrey H C, Feld M. Characteristics and
functions of Na*-K*-2Cl~ cotransport in epithelia tissues[J].
Amer J Physiol , 1987, 253:177 - 192.

Varley D G, Greenaway P. Nitrogenous excretion in the
terrestrial carnivorous crab Geograpsus grayi : site and mechanism
of excretion[J]. J Exp Bidl, 1994, 190:179 - 193.

s s . . pH
NaCl [C].

60 , 1994, 176 - 182.

Ahearn G A, Franco P, Clay L P. Hectrogenic 2Na*/1H"
exchange in crustaceans [J]. Journd o Memberane Biology
1990, 116:215 - 226.

Waetts A, Edward W Y, Henry R P. Hypoasmoatic stimulation of
ornithinede carbosylase activity in the brine shrimp Artema
framiscana[J]. J Exp Zool , 1996. 274:15 - 22.

Mo J L. Devos P, Trausch G. Active absomption of Cl~ and
Na* in posterior gills of Chinese crab, FEriocheir sinensis:
modulation by dopamine and cAMP[J]. J Crust Biol, 2003

(23) :505 - 512.

Pégueux A, Gilles R. Cadmodulin as a modulator of NaCl
trangport in the posterior sat-transporting gills the Chinese crab
Eriocheir sinensis[J]. Mar Biol , 1992, 113:65 - 69.

Chen J C, Jun L L. Response of osmotic and chloride
concentrations of  Penaeus chinensis osbeck subadults acclimated
to different salinity and temperature levels[J]. J Exp Mar Biol
Ecol , 1994, 179:267 - 278.

Spaargaren D H. Aspects of osmotic regulation in the shrimp

Crangon crangon and Crangon allmnni [J]. Neth J Sea Res,
1971, 5:275- 333.

Dala Via GJ. The dfect o sainity on free amino acids in the
prawn Paaemon degans (Rathke) [J]. Arch Hydrobiol , 1989,
115:125 - 135.

Ddla Via GJ. Sdinity responses o the juvenile shrimp Penaeus
japonicus . Free amino acids[J]. Aquac, 1986, 55:307 -

316.

Deaton L E. Hypoosmoatic volume regulation in Bivaves :protein
kinase C and amino acid release[J]. J Exp Zool , 1994, 268:
145 - 150.

Welcomme L, Devbos P. Energy consumption in the perfused
gills o the euryhdine crab FEriochdr sinemsis adapted to
freshwater[J]. J Exp Zool , 1991,257:150 - 159.

Enged D W, Ferguson R L, Eggert L D. Respiration rates and
ATP concentration in the excised gills of the blue crab as a
function of salinity[J]. Comp Biochem Phisial , 1975, 52A :669

- 673.

Conte F P. Roe o C4 pathway in Crustacea chioride cell
function[J]. Amer J Physiol , 1980, 238:269 - 276.
Zwingelstein G, Bodennec J, Brichon G, & al. Formation of
phosphalipid nitrogenous bases in euryhdine fish and crustacean

Hfects of sdinity and temperature on synthesis of
phosphatidylserine and its decarboxylation[J]. Comp Biochem
Physiol , 1998, 120B (3) :467 - 473.

Zwingelstein G, Brichon G, Bodennec J, e a. Formation of
phosphalipid nitrogenous bases in euryhaline fish and crustaceans

Caz +



114

29

[45]

[46]

[47]

[48]

[49]

[50]

Phosphatidylethanolamine  methylation in liver and
hepatopancreas[J]. Comp Biochem Physiol , 1998, 120B (3) :
475 - 482.

Bahili G, Zwingolstein G. Does sphingom yelin partivipant in
signa transduction in the gill cells of euryhaline crabs during
salinity changes[J]. Comp Biochem Physiol , 1996, 115(1) :7
- 12,

Chen J C, Chi Y L. Response o oxygen consumption,
ammonia-Nexcretion and urearNexcretion of Penaeus chinensis
exposed to ambient a different sdinity and pH levels[J].
Aquac, 1995, 136:243 - 255.

Charmantier-Daures M N, Bounaricha P, Thuet D E, & al.
Ontogeny of osmoregulation and salinity tolerance in two decapod
crustaceans : Homarus americanus and Penaeus japonicus[J] . Biol
Bull, 1988, 175:102 - 110.

McNamara J C, Salomao L C, Ribeiro E A. Neuroendocrine
reguation of of osmotic and ionic concentrations in the
hemolymph of the freshwater shrimp Macrobrachium dfersii

(Wiegmann) ( Crustacea, Decgpoda) [J]. Gen Comp
Endocrinol , 1991, 84:16 - 26.

Berlind A, Karmemoto F |I. Rapid water permeability changes in
eyeta kless euryhaline crabs and in isolated, perfused gills[J].
Comp Biochem Physiol , 1977, 58:383 - 385.
Fingerman M. Endocrine mechanism of crustacean[J]. Journa
o Crustacean Biology, 1987, 7(1) :1- 24.

[J1. .

[51]

[52]

[54]

[55]

[56]

[57]

[58]

1998,22(2) :154 - 161.

Cooke | M, Sullivan R E. Hormones and neurosecretion[J].
The Biology of Crustacean, 1982, 3:205 - 290.

Sommer M J, Mantel L H. Hfect of dopamine cyclic AMP and
pericardia organs on sodium uptake and Na*/ K*-ATPase
activity in gills of the green crab Carcinus maenas[J]. J BExp
Zool , 1988, 248:272 - 277.

Savage J P, Robinson G D. Inducement of increased gill Na*
K*-ATPase activity by a hemoymph factor in
hyperosmoregulatin  Callinectes sapidus [J]. Comp Biochem
Physiol , 1983, 75A :65 - 69.

MoJ L, Devos P, Trausch G. Dopamine as a modulator of ionic
transport and Na* K *-ATPase activity in the gills of the Chinese
crab Eriocher sinensis[J]. Crust Biol , 1998,18:442 - 448.
Zatta P. Dopamine, noradrendine and serotonin during hypo-
osmoatic stress of Carcinus maenas[J]. Mar Biol , 1987, 96:479
- 481.

Lohrmann D M, Kamenoto F 1. The efect of dibutyryl CAMP on
sodium uptake by isolated perfused gills of Callinectes sapidus
[J]. Gen Conmp Endo, 1987, 65:300 - 305.

Kamemoto F |. Neuroedocrinology of osmoreguletion in crabs
[J]. Zool Sci, 1991, 8:827 - 833.

Trausch G, Forget M C, Devos P. Biomines-stimulated pho-
sphorylation and Na™ K *-ATPase in the gills of the Chinese crab
Eriocheir sinensis[J]. Comp Biochem Physiol , 1989, 94B :487
- 492.



