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K ~  w ~ :  (Na + + K+~ATP~e; C ~ a ~  ~ ;  ~ b u ~ t ;  Amino ~ ~ q u ~  

Loc~ization of selective proteolytic s~hs in a-subun~ of (Na + + K +)-ATPase is impo~ant for understand- 
~g the mecha~sm of active Na+,K C~anspo~. Proteolytic fragments of a-subun~ from ~g ~dney were 
purified by chromatography ~ NaDodSO~ on TSK 3000 SW c~umn~ NH2-term~fl amino a~d sequences 
of fragmen~ as de~rm~ed ~ a gas ~h~se sequen~or were unam~guously locked with~ the Iot~ sequence 
of a-subun~ from sheep ~dney (Sh~i, C.E., et ~. (1985) Nature 31~ 691-69~ and ~g ~dney (Ovc~nni- 
ko~ Y.A., ~ ft. (1985) Proc. Acad. S~. USSR 28~ 1490-1495). The primary chymotryptic s~R in ~e  
E t-form ~ located between Leu-266 and A1~267 while the tryptic cleavage site appea~ to be between 
Ar~262 and ~e-263 (Bond 3). Tryptic cleavage in the ~itifl fa~ phase of inactivation of the E ~orm is 
~cated between Lye30 and Glu-31 (Bond ~.  In the E~form, primary tryptic cleavage is between Arw438 
and Ala-439 (Bond 1). Chymotryptic cleavage between Leu-266 and A~-267 s ~ l ~ e s  the E~form of the 
prote~ without affecting the rites for ~nd~g of cations or nudeotides. Ti~ation of fluorescence responses 
demons~a~s the impo~ance of ~e  N H ~ r m ~  for E~-Ez ~anfifion. Protonation ~f H i l l 3  f a c f l i ~ s  
~ansition from E~- to E2-forms of ~e  protein. Remov~ cf H i l l 3  after cleavage of bond 2 can exxon  ~e  
~crease in apparent a f f i ~  of the cleaved enzyme for Na + and the shift ~ poise of E~-E 2 eq~fibrium in 
direction of Et-form~ The N H ~ r m ~  sequence in ren~ a-subu~t ~ not conse~ed ~ a + from rat 
neuro~mma or ~ a-subunh from Torpedo or brine shrim~ A regul~ory function of the NH ~ r m ~ f l  pa~ 
of the a-subunh may thus be a u~que feature of the a-subun~ in (Na + + K+)-ATPase from mammflian 
~dne~ 

In its function as the cat~ytic proton of the 
Na+/K + pump, the a-subunR undergoes ~anM- 
tions b~ween E~ and E 2 conformations that are 
coupled to cation ~ansfer across the membrane 
[1]. Re,dues involved in the conformafion~ tran- 
Mtion have been identified by spedfic pro~olyt~ 
cleavage. In the E~-conformafion cleavage ~ re- 
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stficted to the N-termin~ h~f of the a-subunit, 
while bonds near the middle and in the C ~rmin~ 
h~f of the a-subunit are exposed to cleavage in 
the E~form [1-3]. The consequences of these spli~ 
for cation ~anspo~ and catalytic properties of the 
protein have been examined in detail [1,~. Locali- 
zation of these splits in the sequence of the a-sub- 
unit is therefore important for unde~tanding the 
organisation of this protein in the membrane and 
the mechanism of cation ~an~ocation. Recent~, 
the comple~ amino a~d sequences of the a-sub- 
unit of (Na÷+ K+~ATPase ~om outer med~h  
of sheep [5] and p~ [6] kidney and de~roplax of 
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Torpedo californica [~ were deduced from nucleo- 
fide sequence~ but the ~tes of sdective protolytic 
cleavages have not been localized within the se- 
quence~ 

To locafize these ~tes, we isolated proteolyt~ 
fragments of the a-subunff from pig kidney by 
high resolution chromatography in NaDodSO 4. 
NH2-terminM amino add sequences of the ~ag- 
ments were determined in a gas phase sequenator 
and the spedfic cleavage ~tes were located within 
the sequences of the arubuniL Structure function 
relationships are discussed on the ba~s of the 
information avMlabM about the consequences of 
these spfits for the (Na++ K+~ATPase reaction 
and cation ~anspo~. 

M ~ h ~ s  

(Na++ K+~ATPase was purified in mem- 
brane-bound form from p~  kidney outer medulla 
by incubation of crude membrane proton with 
NaDodSO 4 in presence of 3 mM ATP-Na 3 and 
centfifugafion for 120 rain at 48000 rpm in zon~ 
rotors as described before [8]. Incorporation of 
fluoresc~n ~othiocyanate and fi~ation of fluores- 
cence responses were done as before [9,10]. 
Chymotryptic digestion and sequenti~ cleavage 
by chymotrypfin and ~ypfin were ~so described 
before [~. After cleavage the protein was solub~ 
I~ed with NaDodSO 4 and injected into a TSK 
3000 SW column, 7.5 × 600 mm with 100 mm 
guard column. The sys~m is equilibrated with 1% 
w/v  NaDodSO4, 100 mM sodium acetat~ pH 4.5 
at 20°C and operated at 0.5 ml/min by a Waters 
modal 6000 A pump. Absorbance is monitored at 
277 nm and fractions are c ~ e d  at ½ min inte~ 
v~s. 

Amino add sequences were determined u~ng 
an Appfied Biosys~ms Modal 470A gas phase 
Proton Sequence~ essentially as described by 
Hewick et ~. [11]. PTH amino a~ds were an~yzed 
by reverse phase HPLC, u~ng a Waters Nova-Pak 
column and the gradient dution sys~m described 
in Waters Asso~a~s Applications Brief M3500. A 
Waters HPLC sys~m including two M510 pump~ 
a WISP 710B autoinjector and a M440 du~ chan- 
nd  absorbance detector was used. The detector 
was set to measure the sum of the absorbances at 
254 nm for quantitative measurement of PTH 
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amino adds and 313 nm for qua~tative detection 
of breakdown produc~ of PTH-Ser and PTH-Th~ 
The recovery of PTH amino adds at each cycle 
was measured with an integrative recorder (Waters 
M 730 Data Module). Yidds of PTH-Ser and 
PTH-Thr were usually low and sometimes not 
detectable at all; but they could Mways be identi- 
fied from the absorbance of breakdown peaks at 
313 nm. PTH-Arg and PTH-His were Nso often 
recovered in low yidds. 

R e s ~  

The high ~sCudon of ~e  TSK 3000 SW cC- 
umn for ~p~at ion  of pepfide kagmems in 
NaDodSO~ ~ ~ u ~ m ~ d  by the data in ~g.  1. 
A~er dution with 1% NaDodSO~ at pH 4.5 the 
~subu~L f l -~bu~L 83 kDa kagmem and 18 
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Fig. 1. Separation of a-subumk fl-subu~t and proteolyfic 
~agmen~ by HPLC chroma~graphy on TSK 3000 SW cA- 
umn eq~Ebra~d wi~ 1% NaDodSO4, 100 mM so.urn a c ~  
pH 4.5 and eluted at 0.5 ml/min. 
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kDa ~agment appear as separate peaks of peptides 
with wall defined NH~termin~ sequences. In 
con~asK ~olation of the kagmen~ afifing by 
tryptic cleavage near the middle of the a-subunit 
poses prob~ms. The two kagmen~ are ~most of 
equ~ fize, 64 and 47 kDa. The COOH-termin~ 
kagment of 64 kDa was duted earlier than the 
fl-subuniL while the smaller NH~-termin~ ~ag- 
ment could not be isolamd. NH#termin~ se- 
quences are shown in Fig. 2 for the a-subuniL The 
NH~termin~ 13 refidues of the purified ~-sub- 
unit of (Na + + K+~ATPase kom pig kidney ou~r 
medulh are identicM to the rat kidney sequence 
[21] and to the sequences deduced ~om nudeotide 
sequences of sheep [5] and pig [6] kidne~ The 
sequences of a-subunR ~om sheep [5] and pig [6] 
kidney both confist of 1016 residues. They are 
idenfic~ except in 19 pofifions that are fisted in 
Table I. 

An ex~nded sequencer run on the fl-subunit 
identified refidues 1-29 of the NH#terminus end 
of the protdn (not shown). The sequence is identi- 
c~ to the sequence of fl-subunit deduced from 
nudeotide sequences of p~ [12] and sheep [13] 
kidney. The NH~terminus of the fl-subunit is a 
highly polar sequence with 12 charged residues, 
that may form the antigenic rite of fl-subunit that 
has been identified at the cytoplasmic suffac~ The 
fl-subunit has one Wansmembrane segment [12,13] 
and the bulk of the hydrophific refidues of the 
fl-subunit are exposed at the exwacellular surface 
[14]. 

TrypHc c~aoage m NaCI medum 
In NaC1 me~um (EtN~ or after Nn~ng of 

ATP or ADP (E~AX~ Wypt~ ~activm~n of 

TABLE I 

Differences in amino add compo~fion b~ween sequences of 
~-subu~t of sheep [5] and pig [6] kidne~ 

Refidue Re~acement Refidue Re~acemem 
~ sheep ~ p ~ n e  ~ sh~p ~ por~ne 
sequence sequence sequence sequence 

5~Asn Ser 57~V~ Leu 
58-Thr Pro 65~Arg Lys 

10~V~ I~  668-Pro Set 
431-Asp Glu 83~Gln Lys 
455-V~ Leu 841-Arg Gln 
46~Ala ~hr 86~M~ Leu 
48%Ala Pro 87+Asn Ile 
491-Ala Thr 879-I1e Leu 
49~Gly Ala 882-Thr Asn 
55~M~ Phe 

(Na + + K+)-ATPase and cleavage proceed in two 
phases [2]. The initi~ fast phase of ina~ivafion is 
assoda~d with re~ase of small peptides ~om the 
NH~terminus of the a-subunit. This rapid and 
sdective cleavage of one or more bonds near the 
NH~terminus ~ters the poise of equifibfia be- 
tween both dephosphoforms (E~Na-EzK) and 
phosphoforms (E~P-EzP) in the direction of the 
E~-forms [15,16]. 

To localize this clip, tryptic cleavage of mem- 
brane bound (Na + + K÷~ATPase was carried out 
in medium cont~ning ~gands (Na-ADP) that 
~abfl~e the E~ conformation. NH~termin~ se- 
quenong of the protein duting ~om the TSK 
3000 SW column at the position of the a-subunit 
locahzes the split to the Lys-30-Glu-31 bond in 
the sequence as shown in Fig. 2. Prefiou~y it was 

Na 
Try 

1 10 20 30 40 50 

P ~ n t  da~  ~g ~dney a NHz-GRDKYEPAAV SEH EVSMXXXKLS LXELXXKY 
Sh~pkidney a NHa-GRDKYEPAAV SEHGDKKKAK KERDRDELKK EVSMDDHKLS LDELHRKYGT 
Rat ~dney a NHz-GRDKYEPAAV SEHG 
Rat ax~emma a + NHz-GREYSPAAEV AEVG 
~ NHz-MGKGAASEKY QPAATSENAK NSKKSKSKTT DLDELKKEVS LDDHKLNLDE 
Brine shrimp NHz-AKGKQKKGKD LNELKKELDI DFHKIP 

~g. 2. N H ~ m i n ~  s~uence of ~ b u ~ t  and l ~ t ~ n  ~ ~ m ~ t  ~ ~ b u ~ t  ~ w~ ~ a ~ d  a ~  com~efion of the fast 
phase of ~ y ~ c  ~ ~ N ~  ~ m .  ~ m p ~ n  ~ h  s ~ e  data from s h ~  ~ d n ~  ~ ,  rat ~dney and axo~mma ~l] ,  
~ e ~  ~ [7] and brine shrimp [2~ 
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~g. ~. ~c~ of ~p~c dcavagc b~wccn L~30 and ~u-31 

on apparcnt a~m~ of ~a + ÷K + ~ATPa~ ~ mc~a of di~ 
~rcnt pH. ~ u ~ N a  + ÷K+~ATPas~ 20-25 ~g pro- 

~ n ,  tither comr~  ( ~  or cleaved ~ t~pfin ( ~  was f i~a~d 
~ t h  Na + in presence of 1 mM K ~  in 50 mM Tf i~m~ea~  
~ t h  pH as ~ c ~ e d  on ~ e  a b s ~  N a ~  was added ~om 
HamH~n ~ f i n g ~  ~ p o ~ o ~  of 0~-1.0 ~1. H u ~ n ~  
~ n f i f i ~  w~e  recorded ~ 519 nm ~ t h  ex~mt~n  wavden~h 
495 nm and 10 nm fli~ on both monochrom~o~.  

observed that an ~a~ne  formed the NH~termi- 
nM ~fidue after t~s split [3] suggesting a split 
b~ween Ly~18 and AI~19. It is possible that 
trypfin may cleave at ~ v ~  positions at the 
NH~terminu~ and that cleavage at bond 30-31 
represents a more extenfive degradation when 
cleavage ~ carried to completion for preparation 
of the '~valiC (Na + + K+~ATPase. 

The experiment in Fig. 3 shows the effect of 
t~s  cleavage on ~anfifion from E2K to EtNa at 
~fferent v~ues of pH. C o n ~  (C) or cleaved (T) 
p~parations of membran~bound (Na++ K+~ 
ATPase ~corpor~ed ~entic~ amounts of fluo- 
rescon isot~ocyana~ cov~enfl~ Ti~ation of lhe 
fluorescence responses with NaC1 showed that 
K a ~ ( N ~  was decreased when pH was r ~ &  At 
~gh pH (7-8.8L K ~ ( N ~  was o~y  slightly ~ g h ~  
for contr~ that for cleaved preparations. At ~ w  
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pH (5~-6.2) a larger difference in K1/2(Na ) be- 
came apparenL In the range of pH values from 5.9 
to 6.3 K1/2 of the cleaved preparation (T) was 
fignificanfly lower than for con~ol (C). Removal 
of 30 refidues of the NH~terminal end of the 
a-subunit thus increased the apparent affinity of 
the enzyme for Na +. This result sugges~ that 
removal of an ionizable gr?up wilh pK near 6, e.g. 
H i l l3 ,  is responsible for the increase in affinity 
for Na +. 

Chymotryptic c~aoage m NaCl at ~w ~nic ~mngth 
A bond ~ca~d  in the N-termin~ h~f of the 

a-subu~t is cleaved s p e ~ f i c ~  by chymotryp~n 
when the a-subunit is ~ the E~-form [1,4]. As 
d e m o n s ~ e d  in Fig. 1 the large fragment re- 
m ~ n g  ~ the membrane co~d be purified after 
completion of chymotryptic cleavage because sec- 
ondary cleavage is negli~ble. Sequence data in 
Fig. 4 show that the 13 re,dues forming the 
NH~terminus of t~s fragment am identic~ to a 
sequence s~rting ~ A1~267 of the a-subu~t from 
sheep [5] or p~  [6] ~dney outer medull~ Thus, 
chymotryp~n cleaves b~ween Leu-266 and Ala- 
267. As c ~ c ~ e d  from the sequence, the m~ecu- 
lar wright of the fragment (Re,due 267-101~ is 
M~ 82978. This composition~ v~ue is greater 
than the mass of 78 kDa determined by p ~  
acrylamide g~ d e ~ r o p h o ~ s  in NaDodSO 4 [1,4]. 

The m ~ c ~ a r  mass of the fragment ari~ng 
after cleavage with tryp~n ~ NaC1 me&urn (pr~ 
f loury  designated the 78 kDa fragmen 0 appears 
by polyacr~amide gel ~ec~ophore~s  in 
NaDodSO 4 ~ be identical to the fragment ail ing 
a~er chymotryptic cleavage. The ~yptic fragment 
co~d not be ~ e d  with the pr~ent ~chniqu~. 
P ~ o u ~  the NH~terminus of t~s fragment 
was ~enfified as Ile [3]. It is therefore most fikdy 
th~ ~yptic cleavage of the E~-form occurs be- 

240 250 260 270 280 

Na 
Try Chy 

Sheep~dneya-subuni t  TNCVEGTARG IVVYTGDRTV MGRIATLASG LEGGQTPIAA EIEHFIHIIT 
P ~ n t  da~, ~agment M r 82978 ASG LEGGQTPIAA E 
P ~ n t  da~, ~agment M r 18722 ASG LEGGQTPIAA 

Fi~ 4. NH~te rmin~  sequence of fragment with M r 82978 a~er chymotrypfic cleavage in NaC1 and fragment with M r 18722 after 
sequenfi~ trypfic and chymotrypfic c~avage. 
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tween Ar&262 and Ile-263 as i n ~ c ~ e d  in Fig. 4. 
Sequenti~ cleavage first with c h y m ~ p ~ n  ~ 

NaC1 and then w i~  t ~ p ~ n  in KC1 m e s a  allows 
is~ation (~g.  1) of a f ragme~ wi~  ~ t i m ~ e d  ~ 
of 18 kDa that ~ c o w o r ~  3Zp from [ ~ P ] A T P  
[1,4]. Sequence data ~ Fig. 4 shows that the 
NH~terminus  ~ t~s  fragment is ~enf i c~  ~ t h~  
of the large fragment ~ri~ng after chymo~ypt~  
cleavage in NaC1 me ,u rn .  The fragmem is there- 
~ ge n~ a ~ d  by ~mo¼ng ~ e  NH~te rmin~  171 
~ d u ~  (Re ,due  267-438) from ~ e  fragmem 
with M r 82978 (see bdow). From the sequence 
~is  fragmem has M r 18722 in good a g ~ m e n t  
with the m ~ e c ~  mass of 18 kDa ~ a t  was 
determined by p o ~ a ~ a m i d e  g~ ~ecuophore~s  
in NaDodSO 4 [1,~. 

Afier ~quen t i~  deavag~ a 64 kDa fragment 
arises by ~ypfic cleavage of the 83 kDa ffagmem. 
In Fig. 1 it is ~en  ~ a t  t~s  64 kDa fragmem was 
eluted earlier ~ a n  ~ e  f l - ~ b u ~ t  (~g.  1). It had 
NH~terminus con~sting of AI~Val-AI~GI~X- 
AI~X-GlwX-AI~Le~Leu  ~us  ~entifying the 
cleavage b~ween Ar~438 and A1~439. This ~ v ~  
M r 64274 ~ r  the COOH-termin~ fragment (re- 
, d u e  439-101~ that was p ~ o u ~ y  de~gn~ed 
the 58 kDa fiagment. Data of N H ~ t e r m i ~  and 
m ~ d ~  w~gh~ ~ fragmen~ ~ e  ~ m m a r i ~ d  in 
Fig. 5. The N H ~ t e r m i n ~  fragmems a i l ing  a ~  
tryptic cleavage in KC1 m e ~ u m  have M r 47 998 
( R ~ u e  1-438) or M r 44528 (Re ,due  31-438), 
~ s p ~ t i v d ~  as comp~ed  with ~ e  m ~ d ~  
m ~ s  46 kDa and 41 kDa that ~ e ~  determined 

E~ E 1 E 2 
Try Try Chy Try 

? 
11~ NH 2 COOH 

~ 1  ~g ~ 9  6+ T ~ - ~  

~3__1 ~ ~g~¢~ 

B ~ $  83 T ~ - ~  

~ 7  ~ T ~ I ~ 6  

A~=26~ 1~7 ~¢38 

~g. 5. ~near modal of a~ubumt (1016 re~due~ M~ 11225~ 
~ (Na ÷ + K ÷ ~ATPa~ ~om ~g ~dney with position of tryptic 
and chymowypfic spli~ ~ E~-forms and ~ E 2 forms of the 
protein M ~ d ~  w~gh~ ~ ~e fragmen~ ~e calcined 
~om ~e aminoa~d compo~fion ~ ~e ~agmen~ ~ ~e ~- 
quences d~mined ~r ~ b u ~ t  ~om ~g ~] ~dne~ 

by gd  d e ~ r o p h o ~ s  in NaDodSO 4 [1,2]. Com- 
parison of compositionM vMues wi~  m o M c ~  
mas~s  d ~ m ~ e d  by g d - d e c ~ o p h o ~ s  in 
NaDodSO 4 thus shows a good corr~pondence for 
the NH~terminM hMf of the a-subu~L while the 
m ~ e c ~  masses of ~ e  COOH-terminM hMf we~ 
u n d ~ t i m M e d  by gd electrophoresi~ rike ~ e  
m ~ e c M ~  mass of ~ e  en t re  ~ - s u b u ~  Rdat ivdy  
fast migration in gel de~rophoref is  wiffi under- 
~t imat ion of the m ~ e c ~ a r  mass of the ~-subuMt 
may thus be r d ~ e d  to abnormM bM~ng of 
NaDodSO 4 or ~compM~ unfol~ng of ~gmen~  
within the COOH-terminM hMf of ~ e  ~-subu~L 

D ~ c u ~ n  

Chymotryptic c~avage of bond 3 and tryp#c c#a- 
rage of bond 1 

The ~te of primary chymo~yptic devage at low 
ionic sUength in NaC1 medium (El-form) of the 
a-subunit is identified as the bond between Leu- 
266 and Ala-267. The data identifies the fragment 
with M r 82 978 ari~ng a~er primary chymo~yptic 
cleavage and the fragment with M r 18722 a i l ing  
a~er sequenti~ cleavage with chymouypsin and 
~yp~n.  This confirms the l o c ~ a t i o n  of the 
chymotrypfic sprit to the N H ~te rm in ~  h~f  of the 
a-subunit that was based on experiments with 
phosphorylation of the ffagmen~ [4]. The frag- 
ment with M r 18 722 incorpora~s phospha~ from 
[y-~P]ATP into the phosphory~tion ~te, Asp-369. 
It ~so incorporates hydrophobic l ab , s  from the 
ripid bilayer and it partidpates in formation of the 
binding site for ouabain at the ex~ac~lu~r  
surface. This information together with the locali- 
zation of the cleavage points at the cytoplasm~ 
surface [17] were e~en t i~  features for the modal 
of the path of lhe a-subunit in the membrane 
bilayer [1,18]. 

This chymo~ypt~ sprit interferes with motion 
of segmen~ in the a-subunit that are essential for 
E c E  2 ~an~tion [4]. Binding ~ s  for cations and 
nudeotides are preserved a~er cleavage of the 
bond between Leu-266 and Ala-267, but cation 
exchange and conformation~ ~an~fions in the 
protein are abolished. In con~ast, tryptic cleavage 
between Arg-438 and A~-439 does not interfere 
with E~-E z ~ans~ions and cation exchange [1,~. 
Based on these data a mod~ for the structural 



~an~fion ~ a-subu~t was proposed in which 
E~-E 2 ~an~tion inv~v~ motion of a part of the 
18 kDa ~agment ~om rdativdy hydrophiric to a 
more hydrophobic en~ronment. 

Function of ~e NHe-terminal pa~ of ~e aqubun# 
The experiments with cleavage of the bond 

b~ween Lye30 and Ghi-31 illu~ra~s lhe role of 
the NH~termin~ segment for the Ex-E: ~an~- 
tion. Trypfic cleavage of this bond and rdease of 
the NHE-terminal 30 residues increases the ap- 
parent affinity for Na + at low pH. Studies of 
phosphorylation kinetics [15] and conformafion~ 
~an~tions after this sprit [16] showed that the 
50-60% reduction in (Na + + K+)-ATPase acti~ty 
and N a + , K ~ a n s p o ~  can be ascribed to a change 
in poise of E~-E~ equilbrium in the direction of 
E~. This appfies both to dephospho- and 
phospho-forms of the protein. Since remov~ of 30 
N H ~ r m i n ~  re,dues is the only modification of 
the ~eaved ' invafid (Na + + K +)-ATPasC enzym~ 
the data allow the condu~on that charged re- 
,dues  in this segment are impo~ant for E1-E2 
~an~fion~ The dependence of K~/2(Na ) on pH 
for both con~ol and reaved enzyme shows that 
H + compels with Na + for binding ~o anionic 
~tes as the deprotonated form has higher affinity 
for Na + than the protonated form, in agreement 
with observations on (Na++ K+)-ATPase ~om 
shark ream ~and ~ .  Comparison of control and 
reaved (Na++ K+~ATPase shows that protona- 
tion of an ionizab~ group with pK 5.9-6.3 causes 
a decrease in apparent affinity for Na + ~nce 
removM of the NH~termin~ segment increases 
the apparent affinity for Na + at low pH. This 
increase in apparent affinity for Na + following an 
increase in pH can be compared with the Bohr 
effecL i.e., an increase in pH increases the affinity 
of hemo~obin for oxygen [2~. 

In ren~ (Na++K+~ATPas~ the ion~ab~ 
group respon~ble for these effects is rikdy to be 
Hi~13, since the weakly ionized imidazole grcup 
has a pK near 6, whi~ pK v~ues are much higher 
for the po~tivdy charged groups of ly~ne and 
ar~nine that are abundant in the NH~termin~ 
segment. As the difference in KI/E(Na ) is ap- 
parent only at low pH, protonation of this group 
antagonizes Na + bindin~ Remov~ of this group 
causes a shi~ in E1-E ~ equilibrium in d~ection of 
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E 1 forms. Protonafion of the H i l l 3  refidue there- 
fore fadlita~s ~anfition ~om E 1- to E~forms of 
the protein. 

It is in,resting to note that His-13 in the 
NH~terminM sequence of the a-subunit ~om kid- 
ney is replaced with V~-13 in aLsubunit ~om 
axolema of rats [21]. Kinetic an~yfis of (Na++ 
K+~ATPase cont~ning a or a + shows coope~ 
ative dif~rences with different affinities for 
ouab~n reflecting different rates of conform~ 
tion~ ~anfifion during enzyme turnover ~ .  This 
agrees with the present observation, but the mech- 
anism behind the influence of the NH 2 terminM 
segment on E~-Ez ~anfition rem~ns to be estab- 
fished. The presence of excess positive charges in 
this segment (8 ~fines and 2 ar~nines among 30 
refidueQ suggests inv~vement in sMt bridge for- 
matiom Modds involfing formation and d i ~ o ~  
fion of s~t bridges as pa~ of ~an~ocation mecha- 
nisms for Na + and K + have been examined before 
[23]. The NH~terminM segment may engage in 
s~t bridge formation with other cytoplasmic do- 
m~ns within the same a-subunit. It is in agree- 
ment wilh such a role of s~t bridge formation lhat 
the exposure of bond 30-31 to trypsinolysis de- 
pends s~on~y on ionic s~ength [~. 

The particular features of the NH~terminus of 
amubunit from mammahan kidney are not con- 
served in a-subunit ~om Torpedo [7] and brine 
shrimp [2~ (CL Fig. 2) cr in Ca2~ATPase ~om 
sarcoplasmic reticulum [25]. Tryptic cleavage pat- 
terns and effects of sde~ive Oeavage on (Na++ 
K+~ATPase actifity and Na+,K~transport have 
not been examined in preparations ~om Torpedo, 
brine shrimp or ~ e ~  ~and. Cleavage of the 
NH~terminus does not occur in CaZ+-ATPase 
[26]. It ~ possib~ that a reguhtory function of the 
NH~termin~ pa~ of the a-subunit in E1-E~ ~an- 
fitions is a unique feature of a-subunit in (Na + + 
K+)-ATPase from mammalian kidney that may 
be rdated to the regulation of Na+/K~pumping 
in ren~ medull~ 
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