
.\tOiLF:cULA to I’lO.0HM .0(0 0 t,tiOt y 10, 501-508

Copyriglot © 1974 by Acaolo’noic Press, tnc.

All rights of reproduction in ony form reserveol.

Lithium and Rubidium Interactions with Sodium- and Potassium-

Dependent Adenosine Triphosphatase: A Molecular Basis for

the Pharmacological Actions of these Ions

THOMAS TotoiN, TA! AKERA, C. S. HAN, ANI) THE0nOIE M. Bmuonv

I)epartoooeoot of Phoirmooacology, .llichigaoo State ( ‘ooorer.sity, East Lutoso tog, llichigaoo 48824

(l1eceived 1)ecember 19, 1973)

SUM MA mti�

T0BIN, TH0IIAS, AKERA, TA!, HAN, C. S., ANI) Bmuomv, ThEODORE M. : A miooolo’o’ular

basis loor the pharmssacoloogical actioons oil lithium timid rul)idiumsi timu soodiumss- timi(l h100tmos-

siui-n depemudemut aclo’muoisino’ tniphoosphafase . ]IoI. P/la)’nlaeol. 10, 501 -508 (1974).

Although lithiuni ion substitutes p000)nly loon l)oottissiUmui itoh ili thut’ ro’actiootu cyclo’ f ( Nmo +

K�)-ATPase (ATP phosphoohydrolase, EC 3.6.1.3), it coimisis(o’mutly tictivated this emizynno’ in

the presemuce 0)1 sodiumsi amid poofassiumis. Imi coontrast, rubidiumoi ioomu, a much misoore o’ffo’ctive

subst-itut-o’ for potassium than lithium, u�’as gemierally imuhibifoory itt (ho’ presemuco’ of somcliumsi

amid po)tassiuni. Li� did loot appear to activate (ho’ o’muzym#{236}so’i�’ sfimiuulatimug ifs phioms�ohoooryltu-

(ld)fl from ATP. Rather, Xa� was reciuirc’d loon Li+ too sfimiiulafo’ ATPasc’ activity , motoc! Li+

directly (though wt’akly) stirnulafo’d dephosphconylatiomi. Utudo’r coaidititins such that- in-

creasimig comucentratiommus oil K+ al-id Rb� itiltihited turmiovo’r oil (hut’ o’tizynut’, Li� stimiiultofo’d its

activity above va-lao’s oobso’rved with K� ton Rb+. It appears (limit Li� stiniulato’s thuo’ furmuoovt’r

oil the ATPase by triggering its do’phoosphuoryla-tiomu amid dissooc’iatimug rapidly lrommn (ho’ d’-

phoospho-enzynie, thus alit owimug t hit’ emuzymo’ too ro’phoosphoorylaf o’ readily . Wit it 1(h� t Iso’

stability of (he depluo osphoi-o’muzymsso’ . rul)idiunu conup!t’x hsindo’rs sul)so’qu(’mit replio msphto orylmi-

tit)mi oil the enzymoie amud thus imuhibits ifs furtuovo’r. Bo’causo’ Li+ timid Rb+ respectivo’ly sfimssu-

late amid imihibi( (Na#{176}+ E�)-ATPaso’ ro’lative (o its activity in the pno’so’mtce oil Xa� toad K�,

they may hypo’rpolarize or depoolanizo’ tio’rvo’ ct’lls imu c’dornt’sj)ootodimug fashioomi. If is suggo’sfc’d

that- these actitomis of lithiunu amid rubidium tout the furmiovo’r oil (Xa� + K4)-ATPaso’ msuav

be imuvoolved in their phmirniacoloogical ao’tioomis.

INTJuOI)tcTmON

Alfhoough lithium iooms is o’ffecfivo’ in booth

(hit’ prophylaxis mimic! fro’atmo’nf oil mmimtic-

depressive i!ltuess, tho’ moolo’o’ulmur basis oil its

pharmmico!ogical mucfioomis no’mmuimus umio’lear ( 1 ).

This work was siopported hi’ a grmttit- frtotuu the
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to) the Senior Itivestigateor frtnii the Natiotial

Heart- at-id Lung Institute, motid Getiermol Research

Support Grant NIH 1111 05623-04 to the College of

Veteritiary Medicine, Michigmoti State Utuiversity,

fronu the Natiotial Itistittotes oof Health.
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Because lithium tro’afmemtf- humus bo’o’tt slot owmu

to) ro’duce bnmoin soodium levels (2), it so’t’msso’t!

appro)pniato’ too itivo’sfigaft’ tho’ imufo’rtuctiomuts oil

lithium ioon uvifh tither alkali nio’ftul o’tofioons

impoorfamif itt flit’ fumuo’fionuing oil flit’ o’o’Iif rat

nervoous svsfo’ni.

The (Na#{176}+ KI�)-ATPast’ (ATP �ohotmsphito-

hydroolmuse, EC :3.;. I .3), ton f-ho’ Nmie 10111551), ‘5

ho’ biooo’ho’niic’tul bmusis oil a-t’fivo’ t’afiomn tramis-

1)orf in mmoninialialu tisstt(’s (3). Sinto’ this

syst em sltaniit�’ c!iscnimimumi(o’s mumnoottg to odiumsu,

J)tofassiuni, tim-id lithium ioins (4), it o’omiusfi-
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tuft’s to l000to’mi(itt! bioocho’rusio’mol ptoimif oil imu(o,u’-

mtt’(ioomi foot’ (ho’ nit)nt)Valt’mit c’atioons, the more

5(0 sitlt’O’ (his discnimiuimifioomu is muppmuro’muth’

msu.it’li slimorpo’r flimin fhmit oil flit’ toctioli l)0f0’fl’

timul msieo’limumuisni (5), Hoowo’vo’n, studies ton the

imito’ntio’fio mis oil rnomuovtotetuf o’tutioins wit-h

(Nmi’ + K)-ATPtuse hmuvc’ tt’muc!ed too ctomu-

o’o’mutrttfo’ tomu flit’ acf-ioins oml Nmtt mimic! F� (6,

7), milfluomughu (ho’ infermoo’(ion of rubidium icon

with this o’muzvnut’ has bt’o’mi imuvo’stigafed in

50mm_iso’t!o’tmuil (8). Previomus ivoork whhi lithiunu

iou limos shoowmu thutit it is a 1)00001’ muc(ivmufoor oil

(lit’ o’mizyls-ot’ syst(’rn, substifufimug for poifas-

siuuss itoh w�if-hi mibouf omuo’-o’ighthu flue appa-ro’nt

molhtoit�’ tumid omue-o�iimuu’fer thu(’ o’flicmucv of

l000tmossiun-i i(omi (7). ‘IFho’m’o’ mum’o’, hooivo’vc’r, re-

l)t0I’fs ivhio’hu suggest that lifhiiomii ivilt substi-
tuft’ boom’ Nms� imu flue phooospliorylmot�omi step oil

(lois o’mozvmist’ (9) amid that. like Nmo�, it st-inuu-

ltoto’s ;\.Tl� hydrolysis �ti it’d blood cells (10).

Bt’c’miuso’ lithium is to poooor sul)sfifute icon

F�-t ito tist’ ro’acfioon nio’c’hutimtisnu oil (his o’mi-

zym-i to ‘ , to t’Oflifli(OIi assunipt it on o’o mmic’o’ruuiuig t lie

muo’fmomi tof 1�4i� O)lt (iNtu� + l’�i�)-ATPmiso’ humis

hoo’o’io thumif it tucts to imihihit (Ito’ O’IiZ\’liit’ 10 1)110)

( I 1 , I 2 ) . Ho o\Vt’vo’r, (Ito’ ro’sults prt’so’muft’d ho’ro’

suggo’sf that Li� stimsiulato’s flue activity of

(Nmo + 1’1)-ATPasc’ in iilo’o 1)0’ stiiiiula(imug

it 5 do ‘putosplit oryltitiomu mimic! chisso oc’iaf ing rap-

icily froomss (huc’ o’mozymsso’ too atloow ifs rc’phos-

l)hutim’Ylmttitmti. Iii c’o)mutrmus(, I{li� itihii)its (he
fum’mooovt’r oil flit’ o’nzvmiso’ l)\’ loornsimug mi ro’la-

fivo’lv sf mil)it’ ruhitliumiu-o’mizvnso’ to mniplo’x and

sb mwimog ifs sul)st’tluO’Ii( ro’phioos�)hoorv1a(ioon.

I t i s suggesto’d t limit f ho’ phtirnsmio’o mit ogical

tuo’timtus oof lithiuns timid rubic!iuisu ioomis nsav

1)0’ m’o’lmito’d too tho’it’ tOO’tit)lis toll tho’ m’ato’ oil

tum’mooover oil (lit’ soo(Iiumis 1)umiul).

MATERIALS �1NlO METHOI)S

Rm-ot hraimo (Xmo� + l’�’)-ATPmuse was pre-

Ptom’t’(l l)V (h-it’isuo’thomd omf Ako’rmu mimic! Brody

( 1 3 ) l r (Ito’ imuifimol t’xpt’m’iiiut’mifs. Imt (he c’x-

l)o’m’imiio’mufs subst’oiuo’mut (to l”ig. 3 ‘‘Io�ow’-so-
cliumii ‘ ‘ t ‘muzvnso’s \vo’ro ‘ ro’quiro’d , tumid so all

t’m-izyliio’s wont’ wmisluo’o! ti�io’o’ mtfto’m’ fro’afiioc’ii(

i�ithi so ocliumuo it odicle by mul(o’ntuatt’ t’o’uufnifuga-

tiooit tot 1000 X �/ mumiol ro’suspt’lusiomml imi 10 fl�iM

Tnis-1 nut E1)TA tout! 2 issim MgCl2. Tnis-

huf’fo’ro’d to’t-rmuluvdrto-lH)TA \Vti5 uso’d

flirt onmglto out tho’ o’muzvnio’ pm’o’pmirmufit omu rather

flutomi disooc!iuni ET)TA mus clo’scnibed by Ako’ra

mimic1 Broods’ (13). \Vho’mu flit’ o’mizvnso’s wero’

prt’part’d in this \vtuy littlo’ activation l)y
lithiuni aloomio’ was oobso’rvo’d (sec’ RESULTS),

and such loow-so!)dliumii o’muzymsio’s were used in

t-hc’ rc’ma-iuuimig o’xpo’nimiio’mi(s. The prot-o’in

conco’mi(rafiomi of fhuo’se o’muzyrnc’s was o’sti-

isuafc’d l)V tho’ isso’thood of Loowrv et al. (14).

Phosphorylaf it omu oii no’rvo’ co’ll nsembramic’s

and o’sfimoia(ion oil (hto’ir ATPast’ activity

wero’ performsied as c!o’scnibo’d by Tobin et al.

(15). iModificafioomi of (Ito’ (Na� + Tc�)-ATP-

aso’ activity assay moons that dc’scribo’d by

Tobimi et al. (15) is do’failo’d in (ho’ appropniato’

figure lo’geuuds. Thio’ (Xa� + I’±)-ATPasc’

activity oil tho’ lsic’mssl)ramues vanit’d bo’twt’o’mi

150 amid 301 �.Ll5io)1t’s oil P� per milligram tof

protein po’r luoour at 37#{176},tumid nitoro’ (hami 90 C/-

of (he activity was oouabain-so’misi(ivt’. The

lithiuni chloniclo’ uso’d imu these expo’nirnt’muts

was \Ia-llimuckroc!t amial\-(ical grado’ and ccomu-

taiml(’dl less thtun 1 part imi 10,000 of K�.

lJmulo’s oflut’rwise muo)fed, a-Il o’xpc’riniemifal

Poiti(5 mint’ flit’ nseans of vmilues oihfaino’d with
boar so’pmurmuto’ o’tizyi-ise l)r(’Partitidolis ± sfamud-

ard o’rroors. To) mullomw coomisparisoomi oil data omb-

taimued o�omudifft’remtt t’tizymiio’s, amu approopnia(e

value was set- at 100 � in o’ach casc’ and o)tho’n

valut’s uvt’re o’xpro’sst’d as a pc’rcetutage oil

-this (15). Statistical significance was calcu-

lato’d by nio’ans oil a pairo’d t-fesf, (-ho’ en-

to’niomu Ion signifio’amuce being i X 0.05.

RESULTS

A co omisnso omo musstnsspf io)mi niado’ co ouuct’rning

(ht’ imi(c’nmuctiomi oil Li1 with (Xa� + �+)_

ATPtuso’ is (limit this ion inhibits (he act ivitv

oil (Ito’ o’muzvmsie HO 1110 (11, 12). Figaro’ 1

shoows (YPi0�ttt data- which suggo’st thus act iton

oil litliiulii. Iii fluis o’xpt’rimiiemit (lit’ activity

oil fl-it’ o’muzymno’ was tussayed in (ho’ pro’st’muco’ oil

diffo’ro’mtf- coomuco’nt-ra-t-ioiiis of Na+ timid K+ (or

Li� ton Hue). Whilo’ RIY� was mu ro’Iafivo’ly

o’ffec’tivo’ sulsfifuto’ for K+, Li+ \vtis motif t’f-

fo’cfivo’, ParticularlY at the low-o’r o)omuc’o’lotra-

tioomis mottmuimied in i’ioo. On (he basis oil tho’so’

dmutmi if is tt’issptiuug to assunuc’ that �vht’iu

Li+ or Rb+ is acldo’d imi (he prt’so’moco’ oil Xmi�

amid I(�, mis omo’ours in- 111)0, their i)nimsiar� ac-

(iOu will lit’ imuluibifor\-, since (hu(’y uiiay 1�’

expo’ctt’dl too imifo’nlo’ro’ with flue ac’tiouis oil fhc’

isioro’ o’ffo’ct ivo’ l)Ottissitimii it out.

Figaro’ 2 shoows (Ito’ o’ffecf of Li+ ton (Na,+ +

K±)_ATP assay imi flit’ presemuct’ oil differemit

comoc’o’mufratioomts of Xmu� auto! � Umider all
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FIG. 1. EJJ’ect.� of.sodiotooo aood poota.s’sioiooo, Iitlooo,ooo,

(iT ro/bidio/m iDOlS 000 rat bo’ooiol (�Va#{176}+ K#{176})-.1 ‘I’Pa.se

activity
flat brooiti (Na� + K#{176})-ATPase WOOS ituctobated

with the indicated coticetutratiotos oif niooliovalent

cations ito the presence of 5 nirot MgATP at 37#{176}for

10 mm. The concetitratiooo of Na#{176}was iticreased

frons left to) right, amid the cootucetotratitons of the

other mootuovmoleiot- catiouus, frono right to left.

:�<- -x, ATPase activity in the presetuce tif Na�

atod K#{176};0----0, ito ti-ic presetice of Na4 atid lU��;

.-., iti the presetuce o)f Na� atid Lit Activity

is plotted as a percentage of that in the presetice
of 60 fl5M Na+ and 5 fliM K+, which was aboout 217

.omoles of P, per milligram o)f proteitu per hour.
ATPa,se activity in the preseioo’e of 250 �ti (010abain
is indicated by the da.shed hue. The pooitits are

simigle experinsental deternsit-iatiotis.

coomuditiomus (o’sted Li+ muo’to’d too imucrt’asc’ flit’

activity of the (Nat + Is�+)..ATl)aso�. As

might l)(’ t’xpecto’d, (his o’ffo’ct was gro’at’st

w’ho’n the comico’ntratiomi oil K+ imi (ho’ svstt’mst

was loo�v. Nd) inhibitory actitomus of up too 100

muu�i Li+ w’o’re apparent, evo’mi ito flit’ pro’sd’uico’

t)f 100 fl�iM Xa+ amid 15 !iiM K�, tht’ tiptitistil

catio)mi cooncenfratiomus foor ac’tivafioomu oil (his

(‘!iZ’�’fl5O’ . These observaf itomis raiso’ (hit’ possi-

bi!i(v (hat the actiomi oil Li#{176}in cio’o is too

s(imsiulate thc’ (Xa� + 1’�)-ATPaso’.

Itt coontrast- to the stimulmifoorv mucfiooii of

Li�, Rh� ��‘as imihibitory to (hut’ (Xa� + K�)-

ATPaso’ except- whc’n thc’ Xa+ comoco’nt rat ioni

was high and thc’ K+ comuo’o’mutra(immu low (Fig.

3). This finding with I(b� was mic)f umio’x-

po’cto’d, simice it has been shoouvmi too bimid to

the .E2 foonmsu cii (Xa� + 1’�)-ATPaso’ amid

oomulv slo�vlv dissoociaft’ iroomn if (8). Simico’ (ho’

FOG. 2. Effects of lothooiooo boo ooo (.Vo: -f- �

. 1 TI�a.se activity ooo t/oe po’(’.soooo C tof .‘�(0(Il 0/ 010 01 II (I

potozs.sz 0/010

Hat liraiti (Na’ + K)-ATPtose �vtts iticoohtoted

wit hi 5 tiiuo toIgATP tot :37#{176}for 10 taiti in t hoe pr�’s-

etice of the itidicated (‘oolicetit rtotiotis of liioolooovtoleoit

(‘tttiotis. Activity ito the presetut’e of Ntu totod K�

was set tot 100� �- , titidi t lie chatiges proodtoct’tl boy t lie

ioidioi’ated concetitratioons of Li4 tire 1)lo)ttt’d as per-

t’eoit-age increases iii moctivitv. 0 ----- 0 � toctivitv

iti the preset-ice of 100 mM Na#{176}�and 15 tiiM K’

A-----A, 15 mimi Nuo#{176}titid 15 ui�i K�; � 11, 10

li�OM Nmu+ and 1.5 li-itt K+, #{149} _�#{149}, 10() tuiui Ntt+

and 1.5 tOM K+. �(�t ivitv iti ti-ic presence (of 100 ti�oi

Na� atd 15 miom K#{176}averaged 263 ± 21 j.�nioles oof P

per milligram of l)rtiteiti pc’s’ hoour.

dissoic’iti(iommi oil � ton its t’omigo’mio’rs tnt mmii floe

�I�J:i loins oil flit’ (Xmu+ + K�)-ATl�tiso’ is (‘O)Ii-

sidero’cl too be fhuo’ raft’-!imisititig stt’l) ito flit’

reactiooto sequemto’c’ oil (his enzynie (8), if wmis

nc)t surprising thtit Rli� micfo’d to itihibif this

(‘flZyfli(’, loin 1U)+ fonisss o)tue oil flit-’ iuuost-

stablo’ ioouu-o’mszynio’ O’tllihllOl(’Xt’soil till (lie

nuonuoivmilo’mut emit ioomis.

Tht’ isseclimimuisns by �vhuich Li� stititulmoto’s

tho’ (Nmu� + K�)-ATPmuso’ wmus lurthoo’r

sfudio’c!. Becauso’ tho’ro’ tort’ ro’porfs (limit Li�

o’aul incro’as(’ flit’ sft’aclv-sfmote lo’vo’ls oil flit’

phosphoo-c’muzvmne, (hat him tiloomue stimisulmuto’s

ATP hydrolysis itt flit’ pno’sc’ttco’ oil �-slg�’ (7)

( Fig. 1 ) , mimic! thumot Lie nuimsuic’s (lit’ muc’tiomo oil

Na#{176}t)ti (ho’ ro’at’fioin st’t(tit’tit�t’ cii (his o’tuzvnouo’

( 10), ifs effo’cfs ommi fist’ plutsphcor�ltutioti oil

( Xa� + I�i+)_ATPtiso� moot [y_:o2p]�Tp ��o’ro’

invo’sfigafo’d. Xoo o’ffo’t’ts oil up (to 50 nut Li4

out flue sfeadv-stmuto’ lo’vo’l oil (lit’ j)hi( osphto

t’iizym-i--io’ loormised imt (lit’ pr�’��’u-i�’e oil 1 niuum
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J”oo;. :3. Lf1t’(’t tif ro/t)i(I0 01000 0000 1)10 (.\�ti� -4- Ii�#{176})�

,-t TI�i.so- (let 0 Ii t!/ ilO the pro’.� 01 (‘C (0,f .‘l0(Ii 0/ 000 (110(1

/)0)1(l.5.501/010

I Ooophio’:uto’ oof Fig. 2, except t hitit I � b ��‘as stob-

st i t ottt’(b foor Lit The iotoic t’ootodit iooos tond svnibols

more tis ito l”ig. 2, mood (Na-#{176}+ K#{176})-ATPtose activity

iti tlit’ ahsetio’e tof rubiditotui toveraged 248 ± 13.5

goiuooles omf P, per nulhigrtini of �)rtoto-’it-i l)C� litiur.

)�1g2’ auth 0.05 msi�m 1..�_:021)�\�fl) wo’ro’ (observo’dI,

suggo’sfimig that Li4 has mito o’ffo’c’t o:omi (hit’

sto’aolv-sfmoto’ labt’limig oil tlit’ t’mizviiit’ frt)lTi

P

Lao’k oil mimio’ffecf oil Li� tomt flue sto’adv-stafe

lo’vo’ls oil flit’ I)h00SPh00t’liZ�’fli0’ did muof rule

cit�if moo’o’o’lo’rmotioon by lifhiuni tol booth fho’ phos-

1)h(mnylmtt io imi ttmud do’pho osphoonylaf iootu steps,
wliio’h \VO)tilc! result imu imucrt’miso’cl (uormtoover of

flit’ t’nzynio’ ivit-hiouf- momiy o’hmotigo’ itt (Ito’

sft’tt(l\’-sftufe lo’vets oil fht’ �)hioosjolitorytafed

ft inns . To o ( o’sf f his po ossibil it y , rmuf brain

t’tizym-iit�’ \vmus iuuo’ubafc’d with vmmnioius commucc’n-

fnmifioomss oil Li-I--, molootse amid in thuo’ loro’so’tice of

N�a-’-- momoci� iti tho’se o’xpo’ninit’mifs room act iva-

ticomi oil fli(’ t’tozyme by Li+ o)r IA�+ + Js:�+ was

so’o’li il cmoro’ was fako’mu t’xcludo’ Xmo� moot (he

ro’muo’tiomti SV5t(’fli (see IIATERtALS ANt) IIETH-

ons). Hoowo’vo’r, flit’ addifiomu oil Nmo� too the

ro’moo’tioomi svsfo’m milloowed mictivmitioomu by Li+,

siuggo’sfimog (limit tue lmitfc’r oomily stimulates

(Nmi � + Kj-ATpmiso’ affo’r flit’ svsto’rn has

imif(’rtto’fo’d with Na+.

1”iguro’ 4 shoo�vs f-hi(’ t’fft’c’(s oil Li4 amid Rb+

ciii (lot’ do’�)huoosph(ony!atio)mt 5(0’!) oil flit’ (INtu+ +

F�)-ATPmuso’ o’muzvrne svsteusi. Tlio’so’ t’xpeni-

nienfs wont’ joo’rfomrrno’dl at 0#{176}bo’o’miuso’ flue rate

to!’ flit’ tle�olioosphioorylmificmmu sft’lo is fooom host to

bo’ tiitotuifooro’d tot- 37#{176}b\’ to’chmuioiuo’s currently

tivmiilcobh’ (15). Altluooughu Li sfimulato’d (lie

c!o’j ito osphoo orvlmofioomi sft’l) #{176}ii fluis O’ttZ\’flit’, it

\vmIs nuiu’h lo’sso’ffo’cfive(luau K�. �fhuis tootiou

oil Li+ is ctmusisto’mut with flit’ dmuta oil Fig. 3,

ivltio’h show (limit Nmi� is ro’oiuired loon Li+ too

stimulate the mio’tivit\’ oil flit’ t’uizynue. Homw-

o’vo’r, in contrast too flit’ relatively pooor act ioomi

oil Li+ ton flit’ (!o’plioosphioorvlafio)mi sfo’p, Rb+

was nicore c’ffo’ctivo’ titan K+ iii stimulating

do’phuoosphoorylafiommt oml (Nar + Ic#{176}�)-ATPast’.

Sfirnula(ioon by Li� oil (Ito’ cleplioosphooryla-

tiommistep itt (hit’ro’tuo’fiomicyclo’ is muootsufficient

too t’xpltuin if-s sfimulatiioui oil (Nat + K#{176})-

ATPasc’ activity u-i flue pro’st’nico’ oil optimal

t’oomuo’entnafiommus oil Nmo� timid F�. Foor o’xamplt’,

Rb1 \\‘as mooro’ effo’c’tivo’ thamu I� in fniggo’r-

imug the dt’phoosplioorytmifiomu sfc’p, yet its act it in

whio’ui addc’d imi (lie l)ro’seuuce t)f Xa+ and K�

was gt’no’rallv inhibifoorv. The mechanism oil

flue Li+ stimulatioouu arid Rb+ inhibitioon (of

(lie c’uizymo’ proobmubly do’petuds on difft’reuuco’s

imi stability cii (hue lithium, potassium, and

rubidium iom ‘ o’muzvmo’ cooniplo’xes. In expeni-

meuuts oiiui flit’ sfmubiliti’ 0)1 tho’se complexes in

kidney t’mszymo’s at 0#{176},Post amid coo-wo)rko’rs

(8) shoowecl (-hat flit’ lithium ‘ t’muzyme complex

is relatively lmobiio’ while tho’ rubidium .

zymc’ complo’x is mup�)areuifly (he most �fablo’

of all (he monoovalemit ca-fiooru . o’muzyme coom-

I)lexo’s. Thus, whi!o’ all (ho’so’ ago’nts act too
stimulate f ht’ dephuosplut mrylafio mu step oil

(Na + T�)-ATl-�ase, flit’ ro’lafive stability

of (he ctu(icimi . emuzvnio’ ctornplo’xo’s results in

rubidium inhibiting furuutovo’n oil (ho’ enzyme

nelmutivo’ to turnover imu (he Iro’so’uico’ of po-

tassiurn, while lithium stimulmifo’s it-. This

livjioofhio’sis netluiro’s that (-lie stability of (he

rat brain lithuiuni’ c’mizyme c’tomplt’x ho’ less

thim-o-uu f-hat oil the j)o(assiunt . o’nzyme corn-

plex, 50) that lithium cmumu dissoociafe more
rapidly froini (he o’uizyntc’ timid thus al!oow’

rapid r(’pliosphorytmutio)m timid imicro’aso’d turmi-

oovo’n oil the enzvnit’.

Althoough it- is lot)ssibio’ too mo’asure (ho’

stability of (ho’se ioomi ‘ o’mizymc’ coomplo’xes

directly at 0#{176}(8), it- is motif cunrt’mutty possiblo’

mit- moore j)liysiOlogic’til tenoperatures. There-

loono’ flit’ expc’nimo’nfal mippromich was indiro’o’t.

Iii expo’nimo’nfs to) O’toflij)are (ho’ stability of

flue pootmussiuns, lithiunu, anti rubidium ionS

t’mszvme complext’s, t-hc’ir abilitio’s booth too

sfimulmofe amid (cm inhibit o’uuzvme activity

wo’ro’ co mntI)ared. The o’xpo’nimc’mifs art’ bmised

o)mi ro’cemu( dmota 0)1 Ptis( et al. (8), ivhuich show

thsmtf l)oiftossiun-u loormiis mu stable coomsiplex with

flue .E2 ioorm oil (hut’ o’muzvmo’ ti-mud that this
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Fl 0; . 4 . Ej/’octs of litlo i 0/ 010 tor I’ll bi(1l 0/ ooo o 000 o,o rot tt of depho.sph orylat 0 000 of (.\�, � -f-- K� ) �. 1 7’I�a.st

Ahootot 2()0 �g of rat braiti eoizvnoe were itootobooted with 15 nut NaCl, 5 rout \Ig(’12, atid So tuuut Tris-hl(I,

1)H 7.4, at 0#{176}.Five sectototis heftmre itiolicated zeroo tinie 0.05 niM ��12PJATP � aoldetl too the svst eon.

.-�--. , t inue course oof t hue lahelitug oof t he ouietiibrtitues frooni -� -32PIATP ; 0 �--0 , ltohoelitig wlueti 1 mit

umilabeled ATP was added too the s\’stemuu at zero timne; A---- - A, lmohoehing wliemi 0.05 mn� K#{176}was toolcled

with the motolabeled ATP. The tither svntbools sliomw ltihelitig after 1 mutt ATP totocl 5.0 tioim Li± (LII 0 ) or

after 1 hiM ATP atid 0.05 tuuum U b� (� --- -#{149}). Ltohoelitig is 1)1001 ted mis a pero’etot age of t htot at zerto t inie

itt the tobseouce cof todditiomtis, wiuich toveo’toged 640 ± 69.4 pt-iuooles of 12f� pe� milhigratii tof po’otein. Ltohielitog

ims the presetuce of 1()0 oiiut K� � dediocteol tos httckgroutud.

complex imuhibifs o’muzymo’ turmoomvo’r umider

certain circumstamico’s. Titus, ii lithium is

lc’ss effo’o’(ivc’ (litutu pooftossiunu con rubidium

imi complt’xiuug w’ifh flit’ ATPtise, if sluoould

bo’ !o’ss o’ffeo’tivo’ in imohuibifitig tunrooovo’r. F�ig-

tire 3 sluooivs such a study io’rloormo’d in tho’

I)reso’mic’t’ of 1 ciii A.TP tot 23#{176},ivlsero’ (hit’
stability oil (ho’ potassium . t’nzyme c’o)mplo’x

remuders K+ imuhibifonv too tho’ t-unmooovo’r oil

the o’muzvme (8). Undo’r tho’so’ o’oomic!ifiomus Rb+

is an evo’n mooro’ o’ffective inhibitor thmumu �

consisto’muf- witlu (ho’ o’omuo’o’pt thmut f-lie rabid-

ium � enzvnie c’o)mplo’x is msiorc’ stmoble f luton

the potassium ‘ o’nzymo’ complo’x. Li�, hoo�v-

ever, dic! muof imuhibif but miimunlu’clly moctivafo’cI

the emizvnic’. Tho’se ombservtifioomis with Li+ mint’

consist(’mut- w’ifh f-ho’ OOimict’l)t flit-it it mitts (to

(rigger flit’ dephosphuoryltufiommi sf0’!) itt flit’

( Na+ + K’)-ATPmuso’ ro’tuo’fioomt timid fho’ui

dissooc’imito’s niuchu mooro’ raj)idlv flutumu tither

j#{231}+� Bb� too ti!loi’uv no’�oluoosphoorvtmotioon oil (hit’

enzyme. These fitudimtgs mono’ tilso imi goood

agreememut with (ho’ oobso’rvatioomus ooi Ho’gy-

vary amid Poost (4), whioo havt’ shoowmi (limit- Li+

is uttit�tic’ amoing tlit’msiooruoovmolemut(‘motioittsin

that if dooes noof clispltu’o’ ATP lro)m (Na� +

T�i+)_ATPmist� ton mimit’ tho’ tio’tioomu cii Na-#{176}in

amuftigoonizit-ig flit’ c!isplmuo’o’mno’mif oml A.�fP from

this o’tuzymo’ by K

Ii J�j+ amid! Hb+ prtmchmo’o’ tluo’ir phimirmmuo’oo-

!oogio’mui o’ffo’o’fs by no’siio’o’(ivo’lv sfinmulafitig

tumid inhibitimug (Nmo� + K�)-ATPase, (lucy

shooutcl prtmcluo’o’ flio’so’ t’ffo’cfs in l’itr() tuition

(‘o)ncli(ioomus w’hicli mi�0pro oximmi(o’ (hit’ s(mite /n

0/1,0. i”iguro’ 6 shutows tlumtt itu (Iso’ Pro’so’mio’o’ oil

flit’ cafiootu mimic! mouclo’ootidt’ coinco’mutratiootis

�vliio’l-i ao’fivmifo’ thio’ o’luzvmiie -in lilo, Li#{176}sfinouu-

lmu(o’s timid 1�b+ booth stimu!ato’s timid itihibit-s

its muo’tivifv. Itt ( luis sf ut!y flit’ to omst’’mut rmitio omi

tol Nmo+ uvas 40 mit mit-ic! that oil ATP was 2

n-ui’ot, t lit’ a�opro oxiniate t’t imic’t’mit m’motit mt-is oof t huese

iigmuuuds in brmuimi tolls ( I 6) . rElic � � omuco’mi-

tratioomu \\.mus vanio’o! inoomis 0 too 4 nut, mitud Li�

momid Rb+ wo’ro’ :� tumid 2 mit, ro’spo’o’fivo’lv.

Umid!o’r (host’ o’ioioclitioomusLi+ stimulmoto’c! flit’

activity oil flue o’mizynio’ by tujo too 30 � ,

sisto’mu( with previomus (!tita. The at’tioomi oof

i�b± u��as biphimosit’, hoowo’vc’r, stimiiulmot imig
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F�’oo; . 5. L’Jlec/s of polo s .si-oo 010 , o’ub-ioli 0/ 000 , (100(1

1/ t/0i0/000 000 (.Voi�) -. 1 Tl-’o’i.se (IcE-ito t1j at low . 1 TI�

(‘ooO(’e,O tratioios

.-\.loomoit 20 �g of i’mot lortoitu o’tizynue were ilucoohitoted

�vitIi 10 tuim NaCI, 1 trout ‘ulg(’12, totid So tout Tris-

I ((‘I, 101 1 7.4 , ito a titoal o’o’too’titoto voohtoono� oof 1 nil,

Wi t Ii thit! i tuolictited (‘O�)tiCt’tO t tat itotos oof }�#{176}, Li�, �or

Rhi� at 22#{176}.�Flit’ ATPtose rt’tuo’tiooto wmos started liv

toolditug 1 .iii ��TP o’oto I toitoioig t-l’tuo’er anitomotits tof

� totid stoml)Io(’ti :30 sec lato’r by t lie toddi-

tioito (if 0.5 tnl oof 1.2 it 11(104. TI-ic 32J). � thueii
o’xt I’tt(’tetl iiitti 1 .5 miii of hoot vi acet tot 0’ tutiol o’omoonted

iti to hi(htOi(I scititihlat ion speo’t rooineto’r. Na�-

ATPtose to(’tivitV � (‘alcooltoted liv ok’diocting

ATPase a(’tivilv ohoso’rved iti I lie jrest’tit’e mf 250

;AM (010mobtoiti. S #{149},1�’FPttst’ too’tivity itoIlie pres-

etuce of Li�; � -i,, ito the m)ro’seuio’o� of K#{176};

.- ----U, ito I lie pro’so’toce oof I � h�. Na#{176}-

ATPase activity ito I hue ttbso’tice oof t)tiler tt(lde(1

nnotuomvaletut- (‘moti(muoS is l)lOt teti as 100#{176} A’fPase

tuo’t,ivitv ttti(l toverageol muboooot 25 toton olt’s of P � per

touilligrtooi(if l)r(oteitiPet’ tolititoto’.

(‘tiZ\’lii(’ ao’tivi(v ioo’ltiiv 0.3 iis�i hi � timid imi-

hoiloiting if miloovo’ this t’oomio’o’mofrmtfiooi. Situc’e

t ho’ comtto’o’motrtotioomo oil t’i� is gremito’u’ fhmumo 0.5

II tot flit’ o’xt rmuo’o’lhmlmom’ pto(mossiutii-too’tivtofimig

sift’ oil tlso’ t’mizyisit’ in limo, (lust’ data ant’

o’oomisisto’mot ivithi flit’ O’oomi(’O’lOt fhimot Li4 timid

Riol tnav mot’f i/o P/l’() (ti stinuultofo’ momici ilihiil)it

(Xmo #{176} + K�)-ATPtoso’, m’o’spo’o’fivo’lv.

lOISt’i’SSlON

_�\s m’o’poot’to’d l)y 0 if hot imovestigmofo irs, I � itt

I lit’ ot’t’st’mit’t’ t ml N’mt � muod! � l� is to P0 00 01’ mucti-

vmtfomm’ oil (Nmi� + l��)-�\�FPtoso’ amid in somiuio’

oil (hit’ t’turtu’ o’xloo’t’inio’mofs 0 ml Sl�oti (7) if w.mis

o’lo’monlv flit’ ivemokest ttt’fivtotoot’ oil’ till tiuo’ muioomuoo-

100 #{231}�SLtTHM��

�//�\PLUSRUBODOUM/ I

;�:: � �

� mM

1”tt;, 6. L’JTect.� of litho uooo (111(1 l’l/bi(liO/OoO 10,0 011

. I TI�a.�’ (j(’tO rity 0/ /00/Cr ‘ ‘ plo yso o)logioa 1 ‘ ‘ o’oio (liti010s

F(ortv tnio’roogrtoouis of rat bortoimi etizyoite ��‘ere
ituo’oobtoto’ol with-i 40 mit NtoCl, 2 n�it ATP, 5 nut

\Ig(l2, toud 50 mit Tris-IICI , phi 7.4, for 5 tniou at

37#{176}ito the presence t)f 3 � Li+ and 2 iiuu lihi�. K+

(‘OitiCetut rat iomoi -ovtts vtorio’d tos indio’ated ton the

hi(orixooto t mul toxis. #{149}----- S , act ivi tv iti t he prt’seoice
of t h-ic itidic’atecl cooicetitrathotus omf K; 0- -- 0 , iii

the preseouo’e of K 1)1105 :3 � Li�; A- -- A, iii the

� of K� I)lttS 2 unit Rh. Activity is plotted
as to �)t’ro’etott-oge (of thtot iou 1 lie presetoce (if 40 mioit

Na+ and 4 ant K�, whuich tuveraged 137 ± 3.1

j.ztiiooles of P , per tnilligrtuni of l)roteiti P�’�’ huour.

Li’ sigtiiuicatitly iticreased ATPase activity (p <

0.05) at toll cotio’o’tit rat iootis (if K+ less I hmon 2 unit.

vmtlo’tof cati(omis. l)o’sioifo’ its po�tmm’ o’fft’c’t imu

(lit’ toro’so’muo’o’ ooi Nmo�, Li+ coomusisfo’iutlv s(iniu-

lmio’c! (lit’ mictivify oil (lit’ o’uuzymsio’ mtixmvo’ (he

lo’vo’l so’o’mi il-i (iso’ hort’so’muo’t’ oil INmi+ timid I’�.

‘This o’ffo’cf u\.t-os 0 mhiso’t’vt’d o’vo’mu imi flit’ I)m’�’s�’nce

oof 100 l�IuM iNmu� moat! 13 msiim F1+, t’mutiimmo coomi-

t’o’mof t’mifioomis mit ivhsio’lo issost nimomismismulian

(Nmo’ + K)-ATPtuso’s mint’ o’oomusic!t’rt’d fully

ao’tivmuto’d, mimoci milsoo tot buy o’oouio’o’mofm’mif-io)uus oof

Ari�l), whuo’ro’ 1�i+ ton 1U)� W’tis imohuibitory.

I’vo’mo ussooro’ ro’nsturktiiilo’ is (Ito’ iac’f (limit souse

tto’f i vmofiootu \\.mis 0 iioso’rvo’d at t’t omic’t’titrmifioomus

up too 100 mss�i Li-’ . Tho’so’ t)l)so’rvmificomis art’ imu

goooot! tugrt’o ‘1550 ‘mit wit It f luoso’ r(’o’emuf !o� rt’po mr(ed

i)\’ ( utmuuati et al. (� 7), wluoo oohso’rvo’cl (hat

Li+ � tul)lt’ (to muo’fivmifo’ ro’iual nuo’dullary

(Nmo� + l��)�ATl�tuso’ too 60 #{176}; iiuore (hami

flit’ lo’vo’l oobso’rvo’ol iou flit’ � oil Na amid

K ‘.

Li-�-- did hoot tLPhOt’tOt#{149}too s(iiisulmuto’ the

,.\_1-, l�tOst’ i)y toli:\’ toot it ito o oti (lit’ plt(osj)huo orvla-

(itoh stop. hit’ sto’moclv-stmufo’ lo’vo’i oil iiluomsihto-

0 ‘IiZ\’lflO’ it mrtust’tl ito t lit’ � o ml 1\ Ig�+,
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E“y-32P�ATP, tumid m’esidumul Nmo ‘ ivmos roof toi-

(ero’d by (Ito’ pro’so’moo’o’ oil .50 muium t4i� in flit’

sys(o’m-it. Simisilmurly, Li� molootuo’ omr tomgo’thuo’r iviflt

F%T± uvmts o’sso’tufimullvtimutil)lO’(to stiniulafo’ momov

ATPmuso’ tuc(ivitv, mis mssighut lot’ o’xpo’o’to’cl if’

lihuiunu sfimssulmu(o’ol(hut’ Plutosl)huoonYlmofitolioil

(his o’nzvnuuo’. Na� ivmos ro’oiuim’o’d! loon I4i� fom

St imuiulmoto’ ATPtuso’ moot ivifv, suggo’stimog (himot

thuo’ mutt it oh 0 ii I4i-�-- t oh ( Ins o’mizvmsio’ omoo’um’s molt 0 ‘t’

(-hit’ o’muzvmsso’ limos imoto’rat’to’c! with Nmot . Thio’so’

ro’sulfs toll suggo’sf (limit (hut’ iot’imio’ipal moctiommi

cii Li� is toti (hit’ phiomsphioo-o’mizymiit’, moot! l’ig. 4

shutiws o!irt’c’tly (ho’ moo’tiomuuoil Li � iii muo’o’o’Io’rmo-t-

imig t!t’plttisphttii’vltofitimi oil (‘tu ‘ + l� ‘ )-

�VfPmoso’.

‘Flit’ ro’sulfs oil l”ig. .5 sluooiv t loot Li ‘ is to

attire o’ffo’ct ivo’ moot ivtoto it’ o ml th ‘ ( Nmo’ + l’�i ‘ ) -

A.”I’ I �miso ‘ t himumo o’if luo’r t’�± t mm’ 1�i o� umiolo ‘r to ito-

di(iiomus no uvluio’lu flit’ imihuibifoorv too’tjoons oil

(lieso’ iomns would be nstixinsal ; Li wtos vim’-

tumoll�’ umimui)to’ too iluliil)it (hit’ emozvnso’. �Fhio’so’

result 5 o’iisplitusizt ‘ t Ito’ msimoj0)1’ (hilt ‘no‘muo’o‘ I it

i)o’f\VO’O’li lifhuiiiiii tOtid! (Ito’ ti(lio’r ititis whuio’ho

mio’tivtoto’ this t’muzvtuuo’, atid I)m’tmViclt’ to !‘rmoliio’-

u�’oorl� wifhuimi whio’hu flit’ stimvoulmifo mrv toot it otis

of li(liiuni t’t-oii 1)0’ imuto’m’j)no’(o’c!. ilto’ itimti)ilify

oil Lii imo f’onissimig imohiibitoom’y t’toi--iijolt’xt’s ivithi

flit’ (�Nmo� + Ki’)-ATPaso’ is moppttro’miflv (lot’

reasoomo ii#{149}liy(his 1(oti o’oomisistently stimuitulmoto’s

( Ntt� + l’�#{176}�)-ATPaso’, muppmuno’mofl�’ l)o’ing Otto-

101)10’ tom iomrmsi a s(tiblt’ lithiiumu ‘ I�’� o’tomuijolo’x.

Bt’c’tuiso’ o’sso’mufiallv mooo imultil)iti(olo oil tho’

ATPmuso’ by Li+ � obso’rvo’d utit!t’t’ flit’

issmimty it ohio’ t’t mmucht it mmos t ( st o’ol , if so’o ‘Ins 10 ‘tO-

so mitublo ‘ t om (‘0 imit’liic!t’ f limit I �i � iii 11 mooot mutt too

itiliiiiit flit’ t’tizymiit’ in oioo.

lito’so’ vo’i’y bmosic cliffo’ro’tuo’o’s ito flto’ imOt(’t’-

iiO’f�( 010 oil’ Li� momic! 1{h� ivifli (Nmo � + l� � )-

i�rfPmus(� nsa�’ b)0’ ro’tmoto’d tom fhuo’ir l)hitOI’littOt’om

loogit’mol t-tt’(itomts. i�h is co omuo’entm’moto’cl 15-Itoh!

( 18) itusic!o’ l)m’ain tolls, liLt’ l� ‘ , motid tort’-

sumssmoblv soubs(ituto’s o’lo’o’tu’o ophivsit mit ogio’mollv

fo or t\’ 1)0 itli itisido’ motto! ooutsido ‘ t In ‘ lot ‘rvo’

(‘t’ll . 1-Jo o-ovt’vo’r, FiIj± imosiclo ‘ f ho’ no’rvo ‘ t’t’ll ooill

imohibit flit’ (urmuomvo’r oil’ thto’ sodium 10111i5l0

IsitoI’o’ tiutomu a simusilmom’ o’oomio’o’mofrmotiooti tot’ l’i�

i1huo’t’o’loom’o’ili flit’pm’t’so’ti’t’tot’l�h � flit’sooc!iumso

Ptilisl) uvill tum’mu oovo’m’ nuoom’o’ sloowl�’ fhotuto in to

nonmnttl t’(’ll, toad sootsso’ovhomtf less soot!iunu moot!

I)(iftossitmlii (ton m’ubic!iumuu) iou!lit’ iotumoolot’cl
l)\’ m’Ubi(Iil.ilis-ltitut!t’t! tolls. �Fluus ruhoidiuiii-

tro’afo’c! o’o’lls ivill miutoimotmoimi to slight ly ttoovo’m’

n-io’miui)rtomio’ 1)0 t omit imol 1 limomi too mm’iiitol o’o’lls momitl

omtloer fhimigs ioo’imigo’o�tomol,ioill lot’ mutoono’no’-

5j)t01051V0’ fom tlo’to olmot’izimog itofluo’moo’o’s. I mu this

\\.muy f ho’ I oo’hmovio ml’tul t’ffo’o’fs oml 1(1 i � , �vhioli

toots to m imio’ro’moso’ It moo mb of 0 it’ mot’f ivi(y ( 1 9) mutitl

moggt’o ‘ssio mit mom-it! i ito 0(10100 ‘5 0 b ‘of m’omo’mio’o’plsmih

grmoplsio’ uuo’tivmof it ito ito tnt omoko’vs (20) mimic!

rmofs (2 1 ) , nimoy I it’ (lt’l)O’totlt’lOt (oh f iso’ lmot’t f lumof

it (11550 oo’imitt’s so omuoo’ivlttof loss t’o’too!il�’ Iro mmi flit’

(Nmu + ls�i-- )-A�Fl0moso’ t limoto cit it’s I�

Iii o’oomttrmost fom lU�, Li ‘ iimov 1)0’ o’xpeo’fo’o!

t 0 0 st ituuulmuf 0’ 1 Ito ‘ ( Nmo � + l’�--�-) -�Ai’ Ptoso ‘ in

i/to tofld pr mctuo’o’ imo’t’t ‘mtso’ti toot ivit y oof’ t ho’

s(it!iumii j)ttmuijl. .\ simiuiolo’ hiy�)0O(liO’5i5 too OX-

j)ltOili thut’ toltmoi.m-ismoo’oloogio’tol moo’fioorus oof I�i
ivo malt! lot’ too tossumiio’ t lomot it is t m’mutospomm’to’o!

liko’ l’�i’ mutici stubst if aft’s o’Io’t’t t’tOt)huvsit mItmgi-

t’tollyloon I’±�. In this ovmov its lmock oil imihihi-

foom’vmot’(ioomos0010 (lot’l011lil) �vomtuIo! mollow. muiomro’

m’mopio!�)u1isllimig by tho’ somoiiutn 1)110111) tOIO(i

huvpet’loomtanizafio ito 0 ml moo’rvo’ o’o’lls. South huvpo’r-

pomlmonnzo’c! tolls �iouIc! too’ ii-itoro’ no’sis(aruf tom

(it’j)O mlam’izimig itifluo’muo’o’s, mutt! tlio’ resulttomof

t-iio’miul ormomoo’ ‘4tohilizmuf io it-i might o’xplmuimi t hit’

iolimtrmismio’oolt mgit’tul ao’f it otis 0 ml lit huiuiui , oohuo iso’
lio’raioo’utio’ uso’lulmoo’ss is ito o’oototroollimig tho’

msuamiio’ l)h5t050’ 0 ii’ li--itoliio’-oit’l)rt’ssivo’ PSYO’iit isis.

�Fhuis simuj)lO hoyjoo of lo ‘sis is co iIOsisft’tif iiit Ii

(lit’ toi)st’l’Vmo(ioomo (limit- lithiiunu thuo’rmipv ito m’tols

ro’(!ud’o’slot’toitis000!iuni lo’vo’istonic! proociut’o’s

tt’momusio’mof motif t’iuro’sis (2 ) , mis �oooulc! too’ cx-

iio’c’to’tl il s� Od!illfli lotimiollit-ig � imoo’m’o’miso’o! iii

flit’ loro’st’tot’o’ 0 of litloiumiu. ��gmoiiist t Isis liv-

1)0 othit’sis is (lit’ smuutoll sizo’ 0 ol t hut’ sfimulttt io ill

i)\’ lit luiumn , o’sI)O’t’ittll\’ tot f hut’ hiigluo’r t’o mtit’o’ti-

fm’mofioomos oil 1 � omt)s(’I’V(’(i ill Jig. 6. �flio’r’

mi_Itt-’0’,iutmovo’vo’t’,lot’cli!l’o’ro’moo’o’sits (ho’ tithuiumui

so’mosi(ivitv oil (���‘tOl + I� � )-��‘i’Pttst’ in vmit’i�

oil_is i#{176}#{176}orf io otis 0 ol f lot ‘ o’o ‘mit m’multio’rvo ins svsfo’mui

tos oohoservo’o! toy ( �utmiimooo ci a!. (17) im tlt’

ki(!tit’V, timid tloo’t’o’ molsto moppo’ars too io(’ (‘Vi-

c!t’lit’o’ fhmut ivliilo’ lifioiuni o’momomoot ivtofo’ I lois

1)1_ut-u-ill, it- is too it tI’tomosIot orft’t! liv if- (22) . Tloois,
tos iio’lItus moo’tivmotitigfist’s000!iuni l)0i1111), Li’

m-i-imiy imit’ro’toso’its elo’o’tt’oogemuio’ifvmomociito this

\vtoy sigmiificmotoflv imoo’ro’moso’hut’ luso’i-iilit’momit’

lit oto’mif itol 0 ii’ tot-itt eliot t’io’tollv st tol oilizo’ I)l’mOItO

cells.

.10 � K NOOiVLEI)Git ENT

�1’ioo’ toot hoots t liatok �oIt’s. )oltoo’ilvto Ioortil)oo\v fot’

(‘Xt’ellt’ti t t o’o’hioo io’td tussist toot’.
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