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Biochemical Characterization of the Hippocampal 
and Striatal Na,K-ATPase Reveales Striking 
Differences in Kinetic Propert ies 
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A b s t r a c t The activities and basic en/ymatic piopeities of Na K-ATPase weie ex 
amine d in synaptosomal plasma membianes (SPM) piepared fiom ía t hippocampus 
and s t i ia tum \ kinetic anal)sis showed profound chffeiences m appaient affinities 
foi ATP (A ) between hippocampal (1 21 mmol/1) and striatal (0 76 mmol/1) 
oii7\me piepaiations as well as in the coiiespondmg T m i x values Howevei phvs 
íological efficiencies were almost the same The complex pat tern of dose ic spouse 
c nive s to ouabain mdlí ated t lit piesence of two high affimtj forms of Na K ATPase 
in the s t i ia tum ( veiy high A, = 3 73x 10 8 mol/1 and high A, = 4 21 x 1 0 " J 

mol/1) and one high affinity foim m the hippocampus (A = 6 6 x 10" mol/1) 
In addition both SPM piepaiations contained one low affinitv foim with similai 
A The veiv high affinitv foim had positive e oopeiativitj foi ouabain inhibition 
of Na K ATPase activity m contiast to high and low affinity foims which 
exhibited negative coopeiativity The respective contributions of ouabain sensitive 
forms to the total activity weie estimated as 22f/r 46'X 19c/ foi the str iatum and 
36'/c 45*X foi the hippocampus These data cleaily demonst iate s inking differences 
m kinetic piopeities of the hippocampal and striatal Na K ATPase that may be 
duo to the isoenzvme diveisity and adaptation to specific physiological demands of 
the examined íat biain legions 
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Introduct ion 

Sodium, potassium-adenosme tnphosphatase (Na,K-ATPase, EC 3 6 f 37) is a fam
ily of ATP-dependent enzymes that mediate att ive transport of Na 4 and Iv+ across 
the plasma membrane of almost all animal cells In the neivous tissue, this piotem 
plays a kev role m maintaining the electueal potential undeilying excitability of 
neive colls (Staid 1986 Albeis et al 1994) It is known to be composed of at least 
two subumts catalytic (n) and glvcopiotem (/J) There mav also be an associated 
subumt o (Collins and Leszyk 1987) Recently, it has been found that n and /? sub-
units of Na K-ATPase exist m seveial isofoims m nervous tissue In the íat b iam 
at least thiee isofoims of the o subumt (oi n_>, rij) (Sweadnei 1985, H e n e i a et 
al 19S7 Jewell et al 1992) each being the pioduct oi a separate gene (Shull et 
al 1986), and thiee ,i subumt isofoims (i)u ii2 >h) (Schmal/ing and Gloor 1994 
Malik et al 1996) have been piedicted horn cDNA cloning expeiiments Each of 
the subumt isofoims of the on/vine has a distinctive and markedly varrable tissue 
( l oung and Lmgiel 1987 Gick et al 1993) and (ellulai distiibution (Watts et al 
1991 Cameion et al 1994 Lee uona et al 1996), foiming potentially up to six 
stiuctuiallv distinct Na,K- ATPase isoen/vmes that (>xpi(>ss ehffeient kinetic piop
eities (Blanco et al 1995a b) Howevei, the same sots of subumt isofoims have* 
distinct en/vmatic piopeities m diffeient tissues (Sun and Ball 1992) implvrng the 
lmpoitance of the milieu m the legulation of pump activity The ami of this woik 
was to elaiifv íegional en/ymatic specificities of Na K-ATPases m svnaptic plasma 
membiane piepaiations fioni the hippocampus the s t i ia tum and foi eompaiative 
puipose the whole female íat b iam The piescnce of multiple enzvnie isofoims of 
Na K-ATPaso in the* examined biam legions was deteimined on the basis of affin
itv foi the specific inhibitoi ouabain sme e it is known that high-affinitv ouabain 
binding sites aie associated with a? and (\j while low-affinitv ouabain binding 
is assoe rated with (\l subumt isofoini (Sweadnei 1989) To ldentifv the piescnce 
of individual o subumt isofoini two diseiimmatoiv c n t e n a weie used appaient 
affinities to ouabain and differences m coopeiativitv of ouabain binding 

Materia ls and M e t h o d s 

Expeiiments weie peiloimed on 2-nionth-okl female Wistai rats weighing 200 

2 J 0 g Ihe animals weie uncle i peimanent mac íoscopic surveillance, and thos(> 

with bohavioial signs of possible biam damage weie excluded fioni expeiiments 

Aftei decapitation with a guillotine (Haivaiel Appaiatus) , the biains fioni 13 ani

mals ior each experiment weie lapidlv removed Fresh whole biams (WB) s tnata 

(Sti) and hippocampi (Hippo) weie pooled (3 and 10/pool lespectrvclv) foi mi 

mediate piepaiat ion oi sMiaptosomal plasma membianes (SPM) The SPMs weie 

piopaied ace oi ding to the method of Cohen et al (1977) as modified bv lowle 
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and Sze (1983) As described previously (Horvat et al 1995) SPM preparatrons 
wore obtained aftei centnfugation in a discontinuous suciose gradient (0 8 mol/1, 
1 0 mol/1 and 1 2 mol/1) at 90,000 x g foi 105 mm The band containing SPM was 
lemovoel fiom the 1 0 1 2 mol/1 sucrose interface, diluted with 5 mmol/1 Tus-HCI 
pH 7 4 and pelleted bv centnfugation at 15,000 x q for 20 min Resulting pellets 
were resuspended in 5 mmol/1 Tns-HCl pH 7 4 and kept at — 70°C until use The 
p u n t v of SPM was assessed with the use of 5 mmol/1 N a N j ohgomvcrn (2 /ig/ml) 
1 mmol/1 N a F and 1 mmol/1 theophillme The results obtained indicated no signif
icant c ioss-contanimation (less than 7</c) Protein content was detormmed by the 
method of Lowiv et al (1951) as modified bj Markwell et al (1978) 

Na K ATPase assay 

Na,K ATPase actrvrt) was determined bv measurmg the mor game phosphate (Pi) 
liberated from the hvdiohsis of ATP Tvpical incubation mrxtuie for the Na K 
ATPase ac trvrtv measuienrent contained 50 mmol/1 Tns-HCl pH 7 4 1 mmol/1 
E D T \ 100 mmol/1 NaCl 20 mmol/1 KCl 5 mmol/1 MgCL 10 20 //g of SPM 
piotems and 2 mmol/1 ATP (Sigma) in the final volume of 200 //I The activitv 
obtained m the absence of N a + and Iv + was at t i ibuted to Mg-ATPase and it was 
subtiacted fiom the total \ a K-ATPase ae trv rtv The mixtuie was pie me ubated for 
4 ram at 37 C and the íoae t ion was staite el bv the addrtron of ATP Aiti r 5 mm of 
incubation the le action was interrupted bv the addrtron of 3 mol/1 pe íehloiacetie 
acid and mime diateh cooled m ice water The* lrberatcel Pr was determined ac 
(ending to the method of Pe nnial (1966) with slight modifications using kH_>PO| 
as a re fe re ne e s tandaid 

Ouabain inhibition 

Ouabain (Calbrochcm) was used as a spec ific mhibitoi of Na K-ATPase in oidci to 
analv /e en/v rue heteiogenertv m Y\ B Stí and Hippo in te írns of ouabain sensitiv lty 
Thrs was studied In incubating SPM piepaiations m the assav medium containing 
ouabain m a final c one emtiation \aivmg fiom 10 l u to 10" ! mol/1 In all expen 
meirts with ouabain SPM piepaiat ions were preincubatcd foi 15 mm at 37 r C before 
subst iato addition since it has bee n dernonstiated that inhibition levels induced bv 
a single dose of ouabain lemarned stable dining at least 30 mm (Beriebi-Beitianel e t 
al 1990) Inhibition percentages were calculated bv compaiing the actrvrtros m the 
pic stiu o and absence of ouabain aftei subtiae ting ouabam-rnse nsitive Mg ATPase 
ictivitv nioasiued m the present e of 0 1 mmol/l ouabain 

Štatistu al t valuation 

Tin íesults weie a n a h / i d using the Student s ŕ-test and the values of;; < 0 05 
were accepted as significant 
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Results 

Na,K-ATPase activity was measured m SPM prepared fiom Hippo, Sti and WB in 
ordei to establish regional specificity for maxrmum enzyme actrvrty Table 1 shows 
that Na,K-ATPase moiety in the total ATPase activity is the highest m Hippo 
and the lowest in Str (p < 0 005) Similaily, the dependence of enzyme activity 
on the duiation of incubation displayed a remarkable distinction between Hippo 
and Sti Although the hydrolysis of Pi lmeaily increased during the first 10 mm 
in all investigated biain regions, the maximum activity, attained after 10 mm of 
incubation, was twice as high in Hippo than in Str and WB (results not shown) 

Table 1. Specific activities of Na,K-ATPase and Mg ATPase in rat brain SPM and their 
percent contribution to the total ATPase activity 

SPM ATPase activity (;tmol Pi/mg protem/min) 
preparation Total ATPase Na,K-ATPase Mg-ATPase 

Whole Brain 1 70 ± 0 02 0 95 ± 0 03 0 75 ± 0 01 
(n = 8) (56 2 ± 1 9)% (43 8 ± 1 9)% 

Hippocampus 1 66 ± 0 03 1 08 ± 0 03* 0 58 ± 0 02* 
(n = 8) (64 9 ± 1 8)% (35 1 ± 1 8)7< 

Striatum 1 35 ± 0 07* 0 72 ± 0 02* 0 64 ± 0 02* 
(n = 10) (53 4 ± 1 4)% (46 6 ± 1 4)% 

Al Pase activities were monitored in standard incubation mixture (see Materials and 
Methods) containing 2 mmol/1 ATP and optimal amount of SPM proteins Values rep 
resent means ± S E M from n determinations * p < 0 005 (vs whole brain ATPase 
activity) 

To determine if Na,K-ATPase activity diffeis between brain regions because 
of different quantities of the enzyme required for the maxrmum actrvrty, we mea
sured the enzyme activity as a function of total SPM proteins (ranging from 5 -40 
fig) Fig \A shows that Na,K-ATPases from all 3 sources of SPM exhibit simi-
lai patterns of activation by increasing amounts of protein In Str and WB the 
enzyme reached almost equal maximum specific activity (0 832 and 0 865 fimol 
Pr/mg piotein/nun, íespectively), but the amount of SPM protein needed to ob
tain these activities was about 2 5-fold higher in WB (17-20 fig) than m Str (8 
/eg) (Frg IB) Considerably hrgher specific enzyme activity was detected m Hippo 
(1 060 /imol Pi/mg protem/mm), at optimal SPM concentration found to be 12 
/ig These protein concentratrons were used in further experiments as optimal 
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F i g u r e 1. Effect of \ a i \ mg membrane protein e once n l ia t ions on the Na K-Af Past a c t n -
ity expiessed as //inol P i / n n n (4 ) anel /Lfniol P i / m g ])iotoni/min (li) Ln/vni i activities 
w i n m i a s m id at 37°( as a function of iliffeiint amounts of t in whole b i am (B) hip 
poi 1111 pal (O) anil s t i ia tal (A) SPM piotems (from 5 40 /ig) in the piestnei of 2 mmol/1 
\4 P 1 hi e n / \ m a t n assa\s w i n l a m i e l out as described in Mati rials and Methods 

Svmbols re ]>ie sent the me ans ± S F M of two expi n m e n t s on th iee sepaiat i S P M piepa 
1 at ions 

The losults concerning the subst iate dependence of Na Iv-ATPase actrvrtv 
are pri senteel 111 Fig 2 Similai patterns of activation Ivy me leasing ATP 1011-
ceritiations weie observed 111 all biam regions but markedlv lower actrvrtv at 
plateau was detected 111 Sti The kinetic paiameteis A,„ and L m l x were calculated 
from the Eadie Hofstoe sonu-iec rpiocal plot of V vs V/[S\ using softwaie package 
ENZEDLTC 1 0 foi computation of lrypoibolit en/ymo kinetics (Mairno anel Fodnani 
1996) I m a x A ,„ ancll ] n ^ x / A m derived fiom these plots are shown 111 Table 2 ft can 
be noticed that íegional vanatrons are marked for A,„ values The Na K-ATPase rn 
Sti exhrbrts almost 2 fold highei apparent affinrty for ATP than in Hippo and WB 
On the other hand Hippo and WB Na Iv-ATPases have a significantly highei \ m^% 

values (52VÍ p < 0 005) than Sti enzyme Table 2 also displays l m i x / A „ , íatros 
which lcpiestnt en/vmatii physiologic offie renc v (phys eff) (Grrssar et al f979 
1980) or kinetic power' of an enzyme íoattron that is related to the evolution 
of catalytic efficiency confoimational flexibilitv and eu/yme oiganization (Keleti 
1988) Tins ratro also mmrmi/es the s tandaid eiroi of the estimated kinetic con 
stants (Dugglobv and Clarke 1991) The analyses of da ta indicate that , despite the 
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ATP (mmol/l) 

F i g u r e 2. Subst i ate conci n t ia t ion di pendente of tin whole b i am ( • ) hippoi ampal (O) 
and st i iatal (A) Na K \ T P a s e attivitv The inzyni i subs t ia te affinity was d e t e i m m i d at 
diffeunt \4 P e OIK e nt iat ions (0 5 5 0 mmol/1) as d i scnbed ill Materials and Methods 
S\ml>ols lepiesent means ± S I M of foul di terminations (run in duplicate) on four sepa-
ia te SPM isolations Hi t lines rep i t s t i l t the best fits obtained b \ fitting da ta according to 
t lie Michaehs Mi nte n l n p i r b o h i enzyme kmi t i ts m Mnroca l Ongin i 5 scicntifit graphic 
softwan paikage 

differences m A m and \ m a x , the physiological efficiency of Na,K-ATPase is almost 

equal m WB, Hippo and Str (;; > 0 05) 

The presence of multiple enzyme isofoims of Na,K-ATPase was deteimmed on 

the basrs of affinrty for the mlnbrtor ouabain The fi action of total Na,Iv ATPase 

activity (i e residual Na,K-ATPase activity) lemammg at each ouabain concen

tration aftei subtiactmg ouabain-msensrtrve Mg ATPase activity measured m the 

piesence of 0 f mmol/1 ouabain is shown m Fig 3 As can be seen, m all SPM piepa 

ratrons analv/ed, up to 70'/i of the activity was inhibited with 10 /tmol/1 ouabain 

while complete inhibition was obtained with f mmol/1 drug The obtained cuives 
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Table 2 Kinetic parameteis as determined from the data presented in Fig 2 

SPM 
picparation 

A 
(mmol/1) (//mol Pi mg piotein mm ) 

Phvs eff 
\ * m i x / - " m ) 

Whole Bram 
Hippocampus 
Striatum 

1 29 ± 0 02 
1 21 ± 0 18 
0 76 ± 0 06* 

1 28 ± 0 02 
1 28 ± 0 04 
0 84 ± 0 05* 

0 99 ± 0 01 
1 06 ± 0 03 
1 10 ± 0 03 

Kinetic paiameteis were estimated using Fadie Hofstee plot Values represent means 
± S E M fiom at least four deteiminations (iun m duplicate) on four sepaiate SPM 
isolations * p < 0 005 (vs kini tic parameters obtained for whole bram Na K ATPase) 

^ 100 -

O 
CO 

CD 
1/3 
03 a. 
\-
< 

i 

CO 

• g 
w 
<D 

-10 -6 - 4 - 10 - 8 - 6 - 4 -10 

log [oubam] (mol/l) 

Figure 3 Dose lesponsi l u n i s to ouabain of the whole bram (4) hippocampal (B) 
md stiiatal (( ) Na K ATP ise to ouibain Na K-ATPase was measured m the presence of 
various concentrations of ouabain (10 10 mol/1) \ctivities were expressed as per
centages of 1hi respective acti\it\ detected in the absence of ouabain after subtraction ol 
ouab un ii sistant (Mg ATPise) activity obtained in the presence of 0 1 mmol/1 drug SPM 
piepaiations were preincubated with ouabain for 15 mm at 37°C before \ T P addition 
S\ mbols ripiesent t lit lesults of foui experiments on two different SPM preparations 

weie fitted for orre two and tliree mdependent mhrbrtorv states for ouabarn The 
best fits were aehreved foi the presence of one mhibitoiv state of high affinrty m 
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Hii)i;o (Fig 3B) and two mhrbrtory states of high affinitv in WB (Fig 3^4) and 
Sti (Fig 3C) In addrtron all SPM piepaiations exhibited one mhibitoiy s tate of 
low affinitv foi ouabain The thiee states weie denoted as veiy high-' 'high ' 
and low-affinitv enzyme forms as adopted from Berrebr-Bertrand et al (1990) 
The appaii nt affinities foi ouabarn (A,) and the respectrve contirbutrons of each 
mhibitoiv foim to the total en/vme actrvrtv as calculated from these turves , aie 
piesented in Table 3 As can be seen the apparent A, for the 'very high-" and 

high-affinitv foims maikedh differed (p < 0 05) while A', foi the low affinitv' 
foim were almost the same (p 3> 0 05) in all SPM piepaiat ions Table 3 also shows 
Hill coeffieients (?/) as calculated aceoidmg to Hill equation foi inhibitors that 
displav sigmoidal dosi -íesponsi cuives (Segel 1968) Since the veiy high-affinitv 
foims of WB and Sti have tin > 1 the} appeal to exhibit posrtive coopi íatrvitv 
the same holds foi the high affinitv foim in Hippo with n H > 1 classifying it rn 
the categoiv of veiy high affinitv form (Sweadnei 1985 Uravama anel Svvead 
noi 19S8) On the othei hand the high and low affinitv foims have n H < 1 
niche atmg ne gativ e i ooperatrv rtv 

D i s c u s s i o n 

The c xrstence of multiple forms of Na Iv ATPase has been know n foi rnanv \eais 

(Sweadner 1989) However the piesenee oi multiple foims oi eai h subumt greath 

complicates the analysis of the c n/vine spatial elrstrrbutron and íegulatron Each 

e ell tv pe probably has its umcpie e oinbrnatrori of rcgulatoiy contiols including 

regulation of rsoforin selection levels of gene c xpiossion sensitivities to vanous 

modulators and spatial distnbution (Fainbiough 1988) In the past few yeais a 

g n a t progress has been done m mapping the cellulai distnbution of eac h isofoini 

oi the sodium pump rn the rat bram using in situ hy biidi/ation hrstothe rrrrstry 

(S< hne ldor et al 1988 Brrnes et al 1991) and rmmunoc y toe hemistiy (Cameron et 

al 1994) Additionally the on/ymatie piopertres of individual o and ô isofoims 

have been determined (lewell et al 1992 Blanco et al 1995a b) Despite intense 

studies the1 e onelatron of en/vmatrc piopeities oi the individual isofoims to their 

physiological íole m differential nemal coll type and different bram regrons is still 

not fully unele istooil The aim oi the pie sent study was to distinguish some oi 

the eliffe ien< i s in basu tn/vmatre piopertres that exist be twe e n Na K- ATPase s m 

distinct biam legions of adult female íats 

A e onipanson of specific activities of i\a k ATPases fiom the hippocampal 

stiiatal and whole íat b iam SPM revealed that both the highest actrvrtv anel per 

< < nt e out iibutiem to the total ATPase activity (65'/) an assoi íatf d with luppoi am 

pal SPM pic palatums I his is m ague me nt with findings fiom autoiadiogiaplne 

l Spy íopoulos and Rainbow 1984 Caspeis et al 1987) and hv bndi /at ion (Schneider 

c t al 19SS Buries et al 1991) studies that the number of functional sodium pump 

file:///eais


T a b l e 3. Apparent affinities for ouabain (A,) Hill coefficients ( n j ) and respective contributions (5c) of veiy high- , ' highl
and low -affinitv enzvme forms (derived from Fig 3) 

E n z v m e form 

S P M Very high-' ' H i g h - ' Low-
preparat ion 

A, n H % Aj n H % A, nH % 
(nmol/1) (ŕ'mol/1) (mmol/1) 

W h o l e b r a m 24 3 ± 0 2 1 01 ± 0 02 17 12 7 ± 0 8 0 83 ± 0 02 50 0 21 ± 0 01 0 72 ± 0 01 21 
H i p p o c a m p u s 660 ± 12* 1 11 ± 0 07 36 0 31 ± 0 09 0 72 ± 0 02 45 
S t r i a t u m 37 3 ± 1 2* 0 97 ± 0 03 22 42 1 ± 1 6* 0 86 ± 0 03 46 0 27 ± 0 07 0 74 ± 0 01 19 

Means ± S E M from four determinat ions on two different S P M preparat ions * p < 0 005 (vs whole b r a m A, values) 
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molecules is the highest in the hippocampus the olfattoiy bulbs the eoitex and 

the c eiebellum 

The most stiikmg difference between Na k-ATPases of investigated b iam le

gions was in then appaierrt affinities foi ATP which was almost twice as high m the 

s t i ia tum than m the hippocampus Tins difference howevei was compensated loi 

by srgmfie antly higher 1 m l x of hrppoc arrrpal Na k-ATPase resulting m equal phv s 

íologii al efficiencies oi the en/ymes Tins suggests that both Na k-ATPases have 

the potential of possessing distinct e apabihties to ace ommodate to spec lfic cellulai 

conditions that aie a leflection of fundamental differences m the milieu Thus dii 

feient pnneipal ne uiotiansmitt i is (Akagawa and Tsukaela 1979 Segal et al 1980 

Be ltore llo et al 1990 Honui la et al 1992) endogenous modulator niolec ules (Ro

driguez eh Lines Arnai/ 1993 k a n a n c c t al 1994) and since the piesont woik 

was done on female íats specific influence oi ovanan steioids (Toy leu et al 1980 

Bottmr et al 1992) may potentiate the elrfierene es between the hippocampal and 

st i iatal N a k - A T P a s e 

The piescnce of multiple e n/ \ me isofoims of Na k-ATPase in tin investigated 

biam legions was dote i mined on the basis of affinitv ioi the mhibrtor ouabain It is 

know n that high affinitv ouabain binding sites aie associated with n> and o j sub 

units while the low-affinity ouabain binding site is associated with the e> i subumt 

Tin low-affinity foim has A, value lopoatodly l tpoi tod to be m the tango of 1 0 _ l 

nrol/1 winch makes it easy to identify Similaih, in oui study the appaiont A, val-

ues foi low-affinity foim weie m the same range In contiast A, values lopoited 

ioi higli-aífinitv ouabain binding foi íat bram Na k-ATPase varre d fiorrr 0 02 to 1 0 

//mol/1 ( l i a y a m a and Sweadner 19SS Hsu and Guidotti 19S9 Beriebi-Boitiand 

et al 1990) Thus rt was difficult to determine whrch form (n f or e>_>) corresponds 

to the veiy high oi the high affinrty component of ouabam-si nsitiv e ATPase 

activity desciibed hire Howevei Hrll coefficient oi //// > 1 indicating positive 

c oopeiativ lty and n Hi c ting the amplification oi sensitivity to ouabarn was re 

poitcd for n t iso/v me (Sweadnei 1985 Uiayama and Sweadnei 1988 Shypui et 

al 1990) On tin other hand IIJI < 1 implying negative* i oopeiativ lty and low 

affinity foi ouabain is typical ioi íat kidney N a k - A T P a s e which is consideiod as 

a model of o i containing tissue The le suits piesontod here (Table 3) showed that 

niespcetivc oi the biam le gion the verv lngh-affimtv form has positive e oopei-

ativitv sugge sting that it is pie dommaiitly n j like vv hereas rre gatrve i oopeiativ lty 

oi the loy\-affinity foim indie ates its o i oirgrn Inteiostmgly, the high-affinity 

foirrr also demonstrates negative c oopeiativ rty Tins type of leaetivitv has so fai 

boon desciibed only by Berrebr-Boitrand et al (1990) If not the inherent prop

erty of a > the negative cooperativitv might be a consequence of alteiations of the 

t iansmembiane N a k ATPase segment due1 to the membiane isolation pioceduie 

(Benel)i-Beitiand i t al 1990) or modifications m the phospholipid composition 

( H a m s 1985 íoda and íoda 19S7) 
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The analysis of the apparent affinrty for ouabain showed that hippocampal 
and st i iatal Na k-ATPase had dissimilar sensitivities to ouabain Thus when com
pared to the strratal the hrppocampal "very hrgh-affimty" form is approxrmately 
18 trmes less sensitive to ouabain Additionally, the sum contrrbutron of the hrgh 
affinrty form to ouabain is maikedly smallei rn the hrppocampus, representmg 36% 
of the total enzyme activity in comparison to 68% in the str iatum In contiast , 
the "low affinity" form rs more abundant in the hippocampus (459í) than in the 
s t i ia tum (19%) Consideiing these icsults, we proposed that hippocampal Na ,k-
ATPase might be less sensitive to an endogenous ouabain-hke factoi, and therefore 
moie sensitive to stimulatoiy effect of noiadrenaline and seiotonm (Rodnguez de 
Loies Ainai / 1993) Such stimulated Na k-ATPase activity, followed by hyperpolar 
rzatron of neuronal membrane, could be íesponsrble foi the depiession of neuional 
spontaneous firing (Segal 1981 Philhs 1992) Conversely, the highei affinrty of strra 
tal Na ,k-ATPase to ouabarn makes it more sensitive to the action of endogenous 
ouabain, leading to a i eduction of its actrvity Consequently cells containing such 
enzvnie actrvrty wrll be vulnerable to neuiotoxio effects of glutamate in the mrlreu 
Since it is known that o_> and a j isofoims are specifically involved m the homeo-
static íesponse to excitatoiy ammo acids (EAAs) stimulation (Bnnes and Robbms 
1992) gieatcr contents of both high-affinity forms in the s t i ia tum may have a role 
rn the piotection oi stiiatal neuions fiom EAA toxicít) 

Taken together our results suggest that the hippocampal and st i iatal Na k -
ATPase^s may have en/ymatic piopeities selected m íesponse to the milieu íequrred 
foi the specific physiological íoles of the biam legions investigated Thciefoie ex 
animation of the effects of diffeient endogenous neuiomodulatois neurotransmit-
ters and hormones that will give a better insight into then lole in the regulation of 
the hrppocampal anel the stiratal Na k-ATPase wrll be the subject of oui fuithei 
mteiest 

A c k n o w l e d g e m e n t s , f his woik was supported bv tin Serbian Minisliy of Sen nee and 
lechnologv Gian t No 03E21 

References 

Vkag ivva K 1 sukada i (1979) Pi iMiice and cha iac tc r i s tns of cateihol-aii ime sinsit ive 
\ a K \ TPasi m rat s t i i a tum I Neuiochem 3 2 , 269—271 

ylbeis R \\ Siegel G I Stahl \ \ L (1994) Membrane t ranspoi t In Basic Nt uro 

ihemist iv 5 t h i dit (Lds G J Siegel B \ \ Agranoff R Vv A l b u s a n d P B 
Mohnoff) pp 19—71 Raven Piess New Aoik 

B t n . h i Mi i t i a n d 1 M a i v n t J M ( l n i s t e G L i h e v i e L G (J990) I wo active N a + / K + 

\ I Pase s of high affinity foi ouabain m adult íat b iam membianes Biochim Bio-
phvs \ i t a 1 0 2 1 , 1 1 8 - 156 



2 3 8 Pekovit et al 

B r i t o i i l l o \ M llophe Id 1 1 A p i n a A G u i n g a r d P (1990) Inhibition bv d o p a m i n e 
of ( N i + K + ) A I Pasi activity m neost n a t a l ni urons through Di and D> dopamine 
leceptoi syncigism N a t u i t 347, 386 388 

B e t t m i L Polio G S a n t a g i t i S M iggi \ (1992) Lsliogen recept oi m rat b ia in present c 
m t in hippocampal loimation Neuioendot imologv 5 6 , 502 508 

Blanc o G Kosti I I f Sanche/ G M t i e i r R \\ (1995a) Kinetic p iopei t ies of the 
ilph i 2 be t i 1 end ilph i 2 beta 2 isozymes of the Na K \TPase Biochi mistiv 
USA 3 4 , t l ' l 325 

Blanco (. S me he / (, M i n n R \\ (1995b) ( ompaiisoii of the i nzv matic piope rties ol 
tin Na K \ 1 Pasi ilpha ( b e t a 1 mil alpha 3 b i t a 2 iso/y mes Bio< hemist i y TTS \ 
3 4 , 9S97 990 3 

B i m i s M I Robbms ft I (1992) Inhibit ion ol n //Jj sodium p u m p isoforms potent ia l t s 
glutamate iiemotcivic it\ Biam Res 5 9 1 , 91 102 

l i imes M 1 Gulanski 13 I Gilmoit Hi belt M Gi ieni A I Ben/ I J Bobbins R 
I (1991) ( v toaic hittc tu ia l n 1 tt ionslnp be tvvti n [JII] ouabain binding and m R N A 
foi isofoims of the sodium p u m p la ta lv t ic subumt in íat b iam Mol B i a m R i s 
10, f 39 150 

( anieion R Kle in L Shv jan A \\ Rakic P ľ evenson R (1994) Ni uions and astroglia 
express distinct subsets of N a K VTPase a and ;i subuni t s Mol B i a m R t s 2 1 , 
i33 313 

( ispeis M f Schw tit/ R I) S l a b a i c a R Paul S M (1987) Vutoiaihogiaphit 
v ísual i/i t ion and thai ac ten/at ion of [ ! H]ouabain binding to the N a + K + A 1 Pasr 
of íat b iam and pine il Biam Res 4 0 9 , 335 512 

( oht u H S B l o m b i i g l B i i / i n s K S i e k e v i t / P (1977) I he slrui tu ie of postsv naptie 
densitn s isol Ui d from dog i e u bral t o r t e x 1 Cell Biol 7 4 , 181 20 5 

( ollms J II I . s / v k l (1987) lh< -> subumt of N a + K+ VTPasi a small aniphiphihe 
])iotiin with i unique umnú aticl s i q u t n i e Biothe nnstiy USA 26, 8665 866S 

Duggle bv R G ( l u k e R B (1991) L\]>c u m e n t a l dt signs foi e s t imatmg tin p name 
t t i s of tlie Miihaehs Mtnten equation í lom piogi tss cmves of i n/v me e ataly/cd 
r t a i t i o u s Bioehim Biophvs Vct i 1 0 8 0 , 231 2 36 

1 u n b i o u g h 1) M (ľ)í->S) I he suilium piiinp hc iomes f iniih l i e nils Ne uiosci 1 1 , 325 
328 

G u k G (. f íat a h M \ ( hon D Ism ul Btigi 1 (1993) Na K \ I Pase m sevt lal tissue s 
ol the íat tissiu specific expiession of subunit inRN \s ind en/y me a i t i v i tv I 
M i m b i a n i Biol 1 3 1 , 229 236 

Gnssai I l i e n 1 M I iane k G (1979) Lifte t of K + ions on kmttie p i o p t i t u s of the 
(N i 4 K + ) /VTPase (Ľ( ( 6 1 3 ) of bulk isolated glial cells p t r ika iya and synap lo 
somes, fiom íabbit bram t o r t t x Bram Res 165, 87 103 

Giissai I F ian ik G Schoffeniels F (1980) Glial control of neuional excitability in 
m a m m a l s II En/vmati i t v ident i two moleculai foims of the ( N a + K + )-A TPase 
in b i a m N e m o i h i m hit 2, 311 320 

H a m s V\ F (1985) Modul it ion of ( N a 4 K + ) ATPasi activity by tin lipid bilaver t xam-
med with dansy la t td phosphatidv4sii ini Biochemistiy f S \ 24, 2873 2883 

I lerreia \ L M L m a n u e l l R R u i / O p a / o N Levcnson R Nadal Ginard B (1987) 
Three diffeientiallv expressed Na K A l P a s e n subumt isofoims S t r u c t u i a l and 

functional implications 1 Cell Biol 1 0 5 , 1855—1865 
H o i n u h i A lakeyasu K Mouradiam M M lose P A Feldei R A (1992) D I A 

d o p a m i n e i t c t p t o i st imulation inhibits N a 4 K + - A 1 Pase activity t h r o u g h protein 

file:///TPase


K i n e t i c C h a r a i t e n / a t i o n of R a t B i a m N a K - A T P a s e s 2 3 9 

k i n a s e A M o l P h a i m a t o l 4 3 , 2 8 1 - 2 8 5 

I l o i v a t \ N i k c / i c G M a i t m o v i c J \ ( 1 9 9 5 ) C s t i a c h o l b i n d i n g t o s y n a p t o s o m a l p l a s m a 

m e m b i a n e s of í a t b i u n i i g i o n s 1 x p e i i e n t i a 5 1 , U —15 

H s u A - M G u i d o t t i G (1989) R a t b i a m h a s t h e eij f o r m of t h e ( N a + K + ) - M P a s e 

B i o c h e n n s t i v ITS A 2 8 , 5 6 9 — 5 7 3 

l e w e l l Ľ A S h a n n a i O I L m g i t l J B ( 1 9 9 2 ) I s o f o i m s of t h e o s u b u m t of Na K-

V T P a s e a n d t h e n s i g n i f i c a n c e A c t a P h v s i o l S c a n d 1 4 6 , 161 1()9 

K a i i a n e ( ' Z i l m e i M M u t t \ S i l l a i d R ( 1 9 9 1 ) A i t i v a t i o n of N a K - A 4 P a s i bv a n 

e n d o g e n o u s pe p t n l i P L C - 6 0 I L B S L e t t 3 4 5 , 1—1 

K i l e t i 1 (19SS.) K i n e t i c p o w i i Bas i s of e nzv m e e fficie ncv specific lty a n d e v o l u t i o n I 

M o l ( a t a l 4 7 , 2 7 1 - 2 7 9 

I ec u o n a Ľ L u i ( u m S Avila I G a i e i a - S e g u r a L L M a i t m - \ a s a l l o P ( 1 9 9 6 ) I x p i e s s i o i i 

of the ,?i a n d h ( \ A 1 0 G ) s u b u m t s of the N a K - A T P a s i m n e m a l t i s s u e s ( < l lu la i 

a n d d e v e l o p m e n t a l d i s t n b u t i o n p a t t e r n s B i a m R e s Bul l 4 0 , 167 171 

lovviv O II R o s i b i o u g l i \ P a n A 1 R a n d a l l R I ( 1 9 5 1 ) P l o t e m m i a s m e m e n t s 

w i t h the I o h n p h e n o l n a g e i i t I B i o l ( h . m 1 9 3 , 2 6 5 275 

M a l i k N ( a n h e l i l \ \ Be ike i s M C G l o s P [ e n e n s o i i R ( 1 9 9 6 ) Idi nt ificat ion of t h . 

m a m m a l i a n N i K \ 1 P a s e ii s u b u m t J Biol C he m 3 7 , 2 2 7 5 1 — 2 2 7 5 S 

M a i m o \ I i d n a n i I R ( 1 9 9 6 ) 1 N / L D U C 1 0 a use i-fiu ndlv s o l t u a i e pac kage íoi 

c o m p u t a t i o n of h\ pi i b o l n ei i/vme kine t u d a t a m bioche m u al e d u e . t t u m ( o n i p u t 

Me t h o d P i o g i im Biomeel 4 9 , 1 31 1 35 

M a i k w e l l M \ H a s s S \I B i e b i i 1 1 l o l b u t N I ( 1 9 7 8 ) \ modifie at ion of t he 

I owi y p i o i i d u i i t o simj)hfv p i e ) t e m de te i n i m i t i o n m nie m b i ane a n d h p o p i o t e u i 

s a m p l e s \ m l Bi.x he m 8 7 , 2 0 6 210 

Pe íl m a l R ( 1 9 6 6 ) \ n u n p i o v e d m e t h o d Ioi t h e de tei n i i n a t i o n ol n i o i g a m c p h o s p h a t e bv 

the i s o b i i t a n o l - b e u/e in e x t i a c t i o n p i o i e d u i e \ n a l Bioe h e m 1 4 , S7 9 0 

P l u l h s I \\ ( 1 9 9 2 ) N i 4 / K 4 - A 1 Pase as a n elfe e t o i ol sy n a p t l i 11 a n s i m s s i o n N i i i i o c h i m 

Int 2 0 , 19 22 

R o d i i g u i 7 d e I o i e s \ m a i / (, ( ľ ) 9 3 ) In se ai e h ol s y n a p t o s o m a l N a 4 K ' \ I Pase íe rtu 

1 i t o i s Mol Ne u i o b i o l 6 , 359 375 

S c h i n a l / i n g G ( d o o i S ( 1 9 9 1 ) \ a / K 4 p u m p b e t a s u b u n i t s s t i u e t u i e a n d f u n c t i o n 

Ce l l P h v s i o l B i o i h . m 4 , 96 11 1 

S i h n e i e l e i 1 \\ M e i e e i R \\ ( a p l m M 1 m ume 1 I R S w e a e l n e i K ) Bel l/ 1 

I Íl (19SS) Tissue s])icif i i i ty l o e a h / a t i o n in I n a m a n d cell flee t i a n s l a t i o n of 

n i R N \ e i i i o d i n g the o e ísoloi m of N a 4 K 4 M P a s e Pioe N a t l \e a d Si i I S \ 

8 5 , 28 1 2SS 

S i g i l M ( 1 9 S 1 ) I he ae t i o n ol noie p m r p l n me m t l ie í a t h i p p o c a m p u s Int i ai e l lu la i š t ú d 

ii s in t h e she i p i e p a i a t i o n B i a n i R e s 2 0 6 , 107 12S 

Se gal M S á g u 1) B M a y i y s k y \ (19S0) M e t a b o l i c i h a n g e s m d u í c d m í a t l n p p u i a m p a l 

s l u e s by lien (pine pill me B i a m R e s 2 0 2 , SS7 399 

S e g e l l II (196S) Bi. .< hemic al ( ale ulat i o n s p p 366 39b J o h n \\ íle v .v. S o n s Inr New 

i oi k 

Sliull G 1 Gie-'eb I l i n g i e l I B ( 1 9 8 6 ) M o l e e u l a i c l o n i n g of t h i e i d i s t i n c t l o i m s o l 

t h e N a I v - \ 1 P a s t o s u b u m t l i o m í a t I n a m B i o c h i mist iy U S A 2 5 , 8 1 2 5 81 32 

S h y j a n V \\ ( e n a \ K l e i n D ( L e v e n s o i i R ( 1 9 9 0 ) Dif fen n t i a l e x p i e s s i e m a n d e nzy 

m a t u p i o p e í t i e s e>f t h e N a K 4 \ t P a s t ei i ísoe n/y m e m í a t pine al g l a n d s P i o e 

N a t l Vead Sei l S \ 8 7 , 1 1 7 S - 1 1 S / 

file:///A10G


240 Pekovic et al 

Spyiopoulos A C , Rainbow T C (1984) Quant i ta t ive autoradiography of [3H]ouabain 
binding sites m rat brain Brain Res 3 2 2 , 189—193 

Stahl W L (1986) 4 he Na ,K-ATPase of nervous tissue Neurochem Int 4 , 4 4 9 — 4 7 6 
Sun Y Ball W J Ji (1992) Determinat ion of Na,K-ATPase a- and /3-isoforms and 

kinetic piopert ies in mammal ian liver Amer J Physiol 2 6 2 (Cell Physiol 3 1 ) , 
CT491—CT499 

Sweadner K J (1985) Enzymat ic properties of separated isozymes of the Na ,K-ATPase 
J Biol Chem 2 6 0 , 11508—11513 

Sweadnei K J (1989) Isozymes of the N a + / K + - A T P a s e Biochim Biophys Acta 988 , 
185- 220 

Tevlei 1 1 Vardis R M , Lewis D , Rawitch A B (1980) Gonadal steroids effect on 
excitability of h ippocampal pvramidal cells Science 2 0 9 , 1017—1019 

Towle A C Sze P Y (1983) Steroid binding to synaptic p lasma membrane differential 
binding of glucocorticoid and gonadal steroids J Steroid Biochem 18 , 135—143 

Uiayama O , Sweadner K J (1988) Ouabain sensitivity of CV3 isozyme of rat Na K-
ATPase Biochem Biophys Res Commun 156 , 796—800 

W a t t s A G Sanchez-Watts G , Emanuel I R , Levenson R (1991) Cell-specific expres 
sion of mRNAs encoding Na K-ATPase a- and /J-subumts isoforms within t he rat 
cential nervous system Proc Natl Acad Sci USA 8 8 , 7425—7429 

Yoda A A'oda S (1987) Two different phosphorylat ion-dephosphorylat ion tycles of 
Na,K-ATPase proteohposomes accompanying N a 4 t r anspor t in the absence of K 4 

J Biol Chem 2 6 2 , 110—115 
A o u n g R M Lmgrel J B (1987) Tissue distr ibution of m R N A s encoding the a isoforms 

and /J subumt of rat Na ,K-ATPase Biochem Biophvs Res Commun 1 4 5 , 5 2 — 5 8 

Final version accepted September 5 1997 


