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Gill Na'/K"-ATPase Activity and Expression in Black Sea Bream
Acanthopagrus schlegelii Exposed to a Hyposaline Environment
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We investigated the branchial osmoregulatory response of black sea bream Acanthopagrus schlegelii to short-term
(3-48 h) exposure to a hyposaline environment (5 psu). Gill Na*/K*-ATPase (NKA) activity was decreased after 3
h in fish transferred to 5 psu compared to salt water-acclimated (control) fish, but the level of activity returned to
that observed in the control fish at 6 h after transfer. NKA activity increased significantly at 24 h after transfer, but it
returned to the level observed in the control fish at 48 h after transfer. Immunohistochemical staining revealed that
gill NKA was localized to chloride cells. The number of chloride cells tended to change in parallel with NKA activ-
ity. Substantial decreases in plasma Na*, Cl, and osmolality were observed after 12 h of exposure to 5 psu; however,
these parameters began to recover to the values detected in the controls at 24 h after transfer. In conclusion, our
results suggest that black sea bream are able to adjust their osmoregulatory mechanisms to shift from hypo- to hyper-
osmoregulation within 6 h of exposure to a hypoosmotic environment.
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o Ml F2 22| 7] A Hilé}ﬂ glom, B3] g
Fglole} Na/K*-ATPase (NKA)7} 53t 0|7l 5%
] o] & 5453 T o] Qlth(Hirose et al., 2003). 7201 ol Al
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HE AT RSt siroll A NKAE Na'E A7A2 5

(EM)o= HjEAI7|H, v S Na'= FRA1Eet A 74
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E 355, B3 S5 Na' & gl o & Biith(McCormick,
2001; Hirose et al., 2003). wh2}A] 4 ZolHe 9 JEH 3o
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A7 U Fejo] BA(AEs=rt =7Au @

S o NKA7} 5
7¥she, o] Z7ko] fRewo| A NKAZF ZH2) = s 1 glct

http://dx.doi.org/10.5657/KFAS.2015.0064

@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial Licens
LAl (http://creativecommons.org/licenses/by-nc/3.0/)which

permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright © 2015 The Korean Society of Fisheries and Aquatic Science

Kor J Fish Aquat Sci 48(1) 064-070, February 2015

Received 10 October 2014; Revised 15 December 2014; Accepted 26 January 2015
*Corresponding author: Tel: +82.51.720.2436 Fax: +82.51.720. 2439
E-mail address: pkmbh@korea.kr

pISSN:0374-8111, elSSN:2287-8815



A= ol71u| 9] Nat/Kf—ATPase 4 9 dhg] 65

(Jensen et al., 1998; Laiz-Carrion et al., 2005; Sangiao-Alva-
rellos et al., 2005). 3, oA7} T2 HEFER =S5 US
w, A7kl wHE of7bu] NKAS] #aks ol whe} thr o
ERET Gl QA0 R HA of L ThE GH o of
55 55 2-39) o|the] ol7bn] NKA Z410] g7} hehbs
(Laiz-Carrion et al., 2005; Sangiao-Alvarellos et al., 2005) QF
#l 5} o] 520] Aoz 372 ol B4 2] wislyh et
1 &4 A It (MceCormick and Naiman, 1985; Madsen and
Naamansen, 1989; Berge et al., 1995).

/4= (Acanthopagrus schlegelin) e 33874 At HZol&F
24, HEIEAE d7shey £& mdE of§51 glov)
(Chang et al., 2007: Park et al., 2012), o]} &3} 2o
+ Choi and An (2008)©] 10 psu & E==o| A A& ol7fu] 9
NKA mRNA & 57k 23 3 v Qlek ey o5 A+
oflAl= Z+7Fo] AR E Aol s 5 72 Al TR Sl
B, e E A SHE AZto| thE HSk= ob4] HalH HE glok 2
Aol A= I3 EwY] A HE Al AlZPHS}e] 2 NKA 2
A TETO RN, o] F 219 BAE B WA He A4
i 2ol M O] w0 S AU S-S Thetstalat skgich

Mz H U

SRS A(SLAEA] 7| AR 2) A AL B4533 psu) = 500
L FRP 98420l A3 AR E(EE A4 176+ 14
cm, A% 9274214 g) 64He) 5 Al3lo] 2 A3t A%
o] APE 1B L a4 AR (2NN FLT A7)
S psu S E(B TR 24 §7 48417 Sk S3hoitt. A%
Fof QRS sl BE xS G402 GAB
B, 42 151040t Algloli A7 24A7HARE FR
A7) ST, 8717 B9k mE Alglol Estalct.
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S psu-3, 6, 12, 24, 48100l 27} $ule) & k9l Aof A
ABFE sl = S psuZh -8 40 L EefiE Sx0f 2t
Z} tricaine methan sulphonate (MS-222, Sigma, USA)E 150
ppm] 527} HES M7 hE Aol S 7 mhatshaich
heparin sodium #{ 2|3 FA](3 mL)= A@ole| nFE e
2 Folg A2, BHLS Fel(4T, 7,000 pm, 155
alo] ol e W AR AT AR 80Tl BP9 of
7ba] NKA 24 9 9 24317 Slste] Ago] ofrpnlo)
AH(E, 20A) S FFste] AR G5 PEA7] o
& -80C ol Hatskgitt. E7E of7bu] 2] NKA 917 9l &
T AEE W] flote] AL RS 10% FH2=2Td
off 3 A

NKA &8 =H

ol7hu] NKA 24 Hwang et al. (1989)0] & ws}
of Zstelon], 7rers] sk cheat Aok WEE A)
H A (9F 20-25 mg)S SEI 89200 mM Sucrose, 5 mM
Na, EDTA, 100 mM Imidazole-Hcl buffer, pH 7.6) 0= 50
washing3t 3, SEID 8-9(SEI+0.1% sodium deoxycholate) 1
mLoj| 224 ¥ o] homogenizer (Pro 200, Pro Scientific Co.,
USA)R w4stetglet. AAlEe)(4T, 6,000 pm, 5&)3to]
do AFZolo] 10 uLE ZH2} Reaction mixture A (125 mM
NaCl, 75 mM KCI, 7.5 mM MgCL, 5 mM Na, ATP, 100 mM
Imidazole-Hcl buffer, pH 7.6)2} Reaction mixture B (mixture
A+10 mM ouabain)®] 200 uL ¢} E3}s}od 377C oA 3027+
HES-A|Z1 &, 30% trichloroacetic acid 50 uLE g0 ¥H-& 5
AAFTE NKA 542 913t 2E A2k Sigma (USA) A&
= AH&-51H3A T Ouabain -7-0f w2 771 <1 gF-2 Phosphate
Colorimetric Assay Kit (BioVision, USA)E A3} 650 nm
oA St o, A T ok Pierce BCA Protein
kit (Thermo, USA)Z 43} t}. 25 NKA 242 umol Pi!
mg protein™ h'' =2 YR T},

DI T|515 A

10% E2uele] 24 opju] 248 wetrlew Eojs)
of 5 um A= A3 5, 2 vetaiste] hout o] @A}
&t} 2248 Blocking solution (DIG Wash and Block Buffer
Set, Roche, Germany) 2.2 4T 9| 4] 1A]7F &<t Blocking $F tf
< 12} 34| 2 mouse anti-Na'/K*-ATPase o-subunit (a.5) (Hy-
bridoma Bank, USA)E Washing buffer (DIG Wash and Block
Buffer Set, Roche, Germany)2} 1: 1002 3]45}o] HES-A]H Tk
(4C, overnight). A of| ARE-H A a5+ 257, 45, 7
o], 9pA R W ol 50| U} Bo| 5.0 = Agksiu, olFe] A
HofFollAl ofn] 5% Bf Qlch(Tipsmark et al., 2002).

TheY Washing buffer® 12} 412 A A3t th2, 22} 4
2] anti-mouse IgG (Alexa Fluor 488, Cell Signaling, USA)E
1:200% 3)A5}o] HES(AL, 1A7HA17] &, washing 5}$1th.
&0l &, &3alu| 7 (Axio Scope Al, CarlZeiss, Germany)
O 2 #aslelTh E3H NKA Y] 22 d A e SHHEAIA A
(i series, InnerView, Korea) ©]-85}o] Z2kal of7hn] H2]
of gt FAH AFA|EZ] WA %= et ool 2
H oprhu] 224 9-12709] A 22| HE SEfo| oA |
07 A GRAIZ g eH, 2 377 E e R
Hol= 17]9] &eto| =& A™stelon, o] Seto]=ofl A 1071
O] Ajrd o] 23 HFAlZE Batsllct

83 Nat, CF ¥ MEHSE 5

Aol Na', Cl 55 A3latA5-54] 7] (Dry-chem 4000i,
Fujifilm, Japan)2, 4H=d% =5 AHFU547](Vapro 5520,
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WESCOR, USA)& Z=43}3ith. 4l 22} g4 (anti-mouse IgG)ell BH-5-3F NKA+= 313t 8H-2 3+
EAEA EA o2 Y TH(Fig. 2A-2F). 0|23 Bkg-Ao] 059 el
[=) -

AF AT AR Wt + 2FE AFR UERY 9] 2.1, SPSS
SAZZIH(ver. 17.0)2 ARE3o] one way-ANOVA 2
Duncan's multiple range test= -3-2]41-2 245} TtH(P<0.05).

2 I

ot7tol NKA &4

PHES dolA 5 puz S7AL 1, 3K of7tule)
NKA 242 sjeol4] mrh golai] 7281907, 64170
o= AN AI(Bl14) 4202 LreRde). 12A17HR ol = A Aok
Solgt Aol QAATE Tha THaals RS BT S psu
1w 2407HA0] o}7hu|e] NKA B2 FJA|A 5k 14617
& 29k}, U 48AIZHR Ol ThA] AHAIA] Sz 0 2 Zhaet
%ArhFig. 1).

Ob0| HRMIE NKAS| BIRX|5{5H5| BEt

NKA Wei228k518 @8] U2 4% ob7bn] ARAIE
o] ¥8h- AT Fig. 2 9 Table 19] LeRRSiT) 13} 4](05)

Na*/K*-ATPase activity
(umol Pi' mg protein h-')
Y

0 3 6 12 24 48
Elapsed time (h)

Fig. 1. Time course of changes in gill Na”/K*-ATPase activity of

black sea bream Acanthopagrus schlegelii after transfer from 33 to

5 psu. Values are mean+S.E.M. (1=8). Different letters represent
significant difference among groups (P <0.05).

A%t Y= A53H7] 218k Negative control-& F2lo5 ¢l
o] anti-mouse IgGTHS WH&-A| 7 2.1, o]ufjof| = o}7}u] A o]
ZAA v AZF FE2Mo] ¥HEkE| }lTh(Fig. 2G). 5 psuof Al 34|
A AFAIE S = sfiroll A ot f-o8hA| 7Hashe e
2 2RIE| G om, oA ThA] Bl 20 & 35513t 12
A AFAE g2 THA] HASEeL oL, 2447 e 57}
ot 5 BAHA Sl o= 4SS

23 0l2 U MEIUSE

5 psu =3 3AHR7EA] /59 E% Na'= sfj4=2f 2ol 7}
U AT FE] 7HAs8)7] AlAFsto] 12417070l 2] 4] &
S YERH Y o U 24X R E] = Al e O = 3] E51GIT)
G4 ClI B3 Na'9} v FA| 2 A Y7 eE oA
axsto] 12417070 2| A sEE UEr o, 241774 5 E
Z7ks7] AZksto] A8ATMAO = ezt ol 7} 91
AAE ol e HFEA s 1R2AH |25k ast
RO} Ol F 2 S} A0 S 50]x] SI3IThTable 1)

o F

A4 o= ot dEs ol A-5-517] flstke] oA el 4t
BRI AAUE Byselt), £ ATl FHAE A
3 oo] tE THEIRA 48 WAUSE ol 915t
o] A|7H7 3ol whE o}7hu] Na'/K*-ATPase 24 9 gHa v}, &
1 W AR RS 2Asgh

Na" pump2%E E2]% Na'’/K'-ATPase (NKA)= 2719
o-subunit?} ojof =Hksk= 2702 B-subunito = A E oA
SACk. osubunit® | 7158 Slat Zojolake Hheis 2
© 2 9k 9l em(Lingrel and Kuntzweiler, 1994), o]of vk
ol B-subunit>- oF2] 1 S&to] 2 A QIx|= FAINF NKA
9] obg A A2} 9 W gF(membrane orientation)2 HF2 F=
o) Z 23t @ Aojti(Noguchi et al., 1990). whepA] £ - Lof A
= 849 7152 5= NKA 9] g-subunit] 27k 2 A6
o}, Qb 0 2 B Bol el 4HEqtn} Pelalol NKAL ATP 7}
SRal 3N 92K § 22 ARAE el e B
s, o] 2 Q|| o] Fk 9] H7|E}eh4] A7) B A E] o] o] &

A
o
4
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Table 1. Time course of changes in plasma Na*, Cl" and osmolality of black sea bream Acanthopagrus schlegelii after transfer from 33 to 5

psu
33 psu 5 psu
Oh 3h 6h 12h 24 h 48 h
Na* (mmol L) 167.3£0.9° 165.1+0.8% 163.9+1.7° 156.510.5° 166.1+0.9% 167.940.7¢
CI (mmol L) 156.6+1.8° 150.32.1b¢ 149.5+0.8° 138.6+1.42 148.0+2.1° 154.6+1.4%
Osmolality (mOsm kg 322.5+1.8> 321.4+2.13%  319.3+2.5% 313.9+2.92 329.844.2° 325.5+2.0

Values are mean+S.E.M. (n=8). Different letters represent significant difference among groups (P <0.05).
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Fig. 2. Immunohistochemical staining of black sea bream Acanthopagrus schlegelii gill sections using the antibody to Na'/K*-ATPasea-
subunit. A: seawater, B, C, D, E, F: 3, 6, 12, 24 and 48 hours at 5 psu, respectively. G: negative control. Bar=70 um. x200.

Segp0] of| L] 2| 2L Al B3k (Hirose etal 2003). o/} NKA o]0 Th2 Aol i T E-S thako 2 ol wisjo] e
L ojAn mrwo] Sho) A Na'o} CIE vlEshe, A% NKAZe] AakSo] A% u]2:sl) 1315 1 9}, Choi and
Chots

£9) BHOHNE Na§ Gt oS FRatkMar  An (2008)2 8 A8t 74
shall, 2002; Evans et al., 2005). u}2hx] NKAS] &AL A& 96A| 7 o] T2 24 1, o7} NKA mRNA W&o| 4
Azz9] o] 4% 58S Uehll= $2 A &R o] 88 4= Slth Ui &= F7FstiThaL 519l o, T3t Tomy et al. (2009) 7
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Fig. 3. Area of immunoreactive chloride cells on the gill in black
sea bream Acanthopagrus schlegelii after transfer from 33 to 5 psu.
Values are mean+S.E.M. (1=8). Different letters represent signifi-
cant difference among groups (P <0.05).

AEe TR At E=(0-45 psu)oll Al T2AIM =Sl
o 5 psu o] 5ol A= oF7F] NKA 8/ 0] -f-2]s1A S7Fettal
HIskGIe: ey o5 Ak AGE leFo] AlZto] 3% o
Sofl gt A o=, 1 ol AlZtoll A= 79 oF7kr] NKA
2/ HSE7E ol A W A QUA] Lo, 2 ol Al 3-48A1%F
7HA] ZARRE A3 5 psu teg 3AIHA o] A /o] F-ofsHA
Fash= AR et 6A7Holl= #sk| glgl o, 24
Aol S7FsE AT 48AIZ A of] ThA] Sl o2 At
Aoz wEEglon, oot o] HFAZHNKASHE &
2 BT SR el S H AT o] #gt A¥E Fol A=
AP o] W2 ARG REE okt o] s Alsl & 4= Q)
th. 5 psu®| 3AIZEA ol = oFA] AFA|Z7F IAHFE R E A AE
O.2 A= A] oot of7Hn] NKA 25 A A A ] o]
e AR Aoz Holu, oA o= Aol A
IHERREA O R HetEo] QR RRE o] 25 F45}]
?l5te] NKAZFohA] 293} | 21 0= of AXI}. o|ufj7b4] Na*
2 Cle n|ahA gast o, dFds=s st 2
o] Ho|A| ¢lo} A/FA Rl AR Aol o] FojA AL 52
& = Utk 5 psud] 124]7Hofl NKAZHJ o] sl 2
Tk Apol= QUUAIRE ohas sl om, TRt 22 5HA] whed o
A ashs Ao Yehgdt=d], o2 ¢lste o] 2 S AR
Tt At Ao gokdEnh AES o] A AR EE
of thgt A FAIE sl 24A 7Bl = oF7Hi] NKA &
K& Z7MIA At o] & W ARASES e o 5
BA7)= Ao 2 BelEgir.

Kelly et al. (1999)= 75 35 5¢F A9E =23k
= 0, oF7H] NKA 2/ 0] 6 psucf| A<= sfi5=of] s 28 A=
Aaat W, HolAl 3] A S715he Ao Belg]
o} B3 AT FAREQ] Sparus auratuse 1420114 5 psu
2 &= W, 24X 7R = ob7hu] NKAS| 2] #skrt
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oL, o] o] 272 F7tsl7| AlAbsto] AR 71A] F-A] = STt
(Laiz-Carrion et al., 2005). 7F&}1]5%91 Senegalese sole Solea
senegalensis®] 73 3504 5 psuE %71 & 1LAHE 17
AR RAHA o7}ul NKAL sl A0 et
% HHH(Arjona et al., 2007), Paralichthys orbignyanus< 3l
oflA = &A 90Y F¢F ARSSHE wf of7 k] NKA 24
o] afj4=Ht} Tl A] ] &9k th= A3t B ALE] 3L Qlth(Sam-
paio and Bianchini, 2002). ©] A A F&E =Zof w2 ofr}n]
NKAS] 84 ofFo] wpzf thzn, 5 FUX2He d&s
T, Alztol| whet k2 A Uebd=E o 5= Sl

ol7}u] NKA+ &FA2E 2] HUWS Al 22 (basolateral mem-
brane)T} A2 A FHQISHA| E3ESFAL tubular systemo] &
A= 2 (Pisam and Rambourg 1991: Dang et al., 2000),
NKAS] HAx2]3lel A o= ¢ 7A|3L2] 3 A 95k §
ofl gAo] o] o] x| =H|(Lee et al., 2006), & A--of| A= 0]
23k GRS TS 4= QU ieh kA of7kn] o] NKA 2
WA AFAIEEY o} 7)o wep depd 4 vk 2 A
Toll A= 13 22 Aol s ARk Hol= dRAEY
HARES AR A}, A Hi =E3A] AP o] o2 NKA
Y} AR SHE Btk ARAIES ot 27E A S
oA = LSIAIRE, 22140l ok 3417 NKA U 24
= HFAIEE Y] 0} A717F R 7461l wismol ™, 24417k
A NKA U S7h= GRAl22 2717F5716k7] Wzl A
o7 A=) S auratuss 3|50l A 5 psuR &A= u, of7k
1] NKAQ| gHdo] Z7Fst3l o, olnff of7ju] GFAl£2] 4=
= et 2ol 7t glley, 1 A7l s S7kste A
© 2 YepPgtH(Laiz-Carrion et al., 2005). I3+ o] Hof t42 &
Toll A FEHASHA] AR o] whE AR Y] kS 2AL
ot A}, 4= ARE ool B B sld dRAlEE WY
o] dojuttar ¥ H vl Qlth(Katoh and Kaneko, 2003; Lin
et al., 2004). o]t AMLS & ], & A-FollA] FERISte| up
E o] AFAIES] 24 HSE A% TSIl = WA
9k 3AHAoll= s ARAlER EAsHEA A2 429
A7)E E0le ALE Holn, AR RE = H2E B3
Az ZA A LA = B 275 ST AL
2 348 & 4 Aot o] (Oncorhynchus keta) (Uchida and
Kaneko, 1996), 5] Lateolabrax japonicas (Hirai et al, 1999),
+9H%-9{(Dicentrarchus labrax) (Varsamos et al., 2002), 2=
9] Al(Chanos chanos) (Lin et al., 2003)+= 53} w2t 4
FAIZZF I = 22 0= Q1371 ASkA T, A=
9] op7tu] FFAEZE HEwstel Aglo] 1xbA ] 9135}
I s AR YEyith

o] o] ANE Fotel B e A RE oFEER
B o] &g F5ote RS RES ofH, 2441041 e = o
Ao AFEFEE FAISH] fisto] ob7hu| NKA 2482 57t
A7l Ao & eyt
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