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8 U).finazy excreuon of ammonia; fam[lma:es eicration of stiong acxds

ana sezves to-conserve, Boly stores of sodiuns This amonia is provided ' -

'naJ.nlybythemal is of utami; z bytheqllma—

inifase  isoenzymes. | The siicellular localizat.im the isoenzyms ofl A
lm:mmnase has ‘been st\xhed in rat Kidney cortéx and Yiver, Differ- e

ential ﬂantnfugahm ana squose densityigradient technigues. deron=

strated a nit fal ization  for,

S " in both Tiver and’ lqmn@y cortex. Fractionation‘of isolated mit ia
by-digitonin and by sondcation retealed that p sp'habe—dnpudent
glumunasexslocmamﬂe 1 matirin as

finding in agreement iith its demx\strahle latency. 1 o

Poliia U e hlqhest specific acmjety of y i e y “ L
was fomnd in the microsomalfraction’ af rat kidney cortex on differ=, .

; enhal uanmfugamm.' ihis fraction was also enriched in NADH e ; ’
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i st\xiuscn i 1 Fractiors shoved tha dent-gluta: =
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' 'cation, salt treatrént or B alhezar_lms. Y g L o R K
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: : ? Eurﬂ‘er tiies- i indspende ataminase and y-qlut—‘ T

amyl transferring activitiss of rat XKidney cortex. showed that phosphate-|
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acxdasbrpmdwtscfmﬁn]m neweakereazhm:cacmmm'x-

fon-volatile’ acids, | Iy, salfuric ad | st be |

imem:byﬂekm:ey xtifmtamtmmofeesemﬁun“‘“

heauetedmﬁefmfmnrxﬂnnﬂemmsof urinary. .

|
. pH. 'Rﬁseamdsmmfﬂezedmﬂebcdybymm&azﬁtﬁnw
to:the kidney as' neutral sodium salts. o >UM@ ’ ,"

mthem:mein:hasamefum,mmu'ecmemdtantmsofﬁ:ed

| acidosis wuuld s.pgrvme Instead, thesé anions and an eqmvalenh fum

'herofvatmsammtedmhheumekhetasﬂmtableamﬂur
.vasmm:ralmiumsalts. 'mefuaicaﬂmsa!emstu:edmﬁzbtﬂy

S aslnmd’xx\amsalu
\Int}usi\n:ﬁm,bypmducmqmﬂaueth\qmm:eyplays
2 am)mmlemﬁnemg\nammofadd-hnsemmoit}:baiy * Noxmal
. m,mnmadmumeﬂdx pmd\xzsead: 40-to 80 mBg of
st:mgnet&euca-dd Ofthls.mzotnsanﬁqmamteﬂm
mmumwxmmaﬂmmwmmmasutﬁme
amd mmnaxysueumoimmaa!aptstotheacjd—basstat\m

ofd\enrganm\. mrexanple mﬂeketnacldosuoiwmtmlled

,d:,ubetesmzoomsoomafadd re ext ‘dallym l
mth anmmia . s!.mllarly, ih acidosi q:ausedby pmlcnged starva— 5
txm,lbssofhssanrhgesﬁmofamd ﬂeemmfentafreml'

mmmﬁwumxsammfmmﬂmmtmmofwd—base

balarm wlt.hm limits cn'rpatlhle wiﬁ\ life. Faﬂu:e Df/th.ls lrechamsm .

mnngmmalmninhsnacamlmepmd\whrqeq\muuesof 4

XA i A

caticds; buffer stores. of the hody vould'be pmgx:eaeively pleted o s




‘results in a dangerously severe acidoeis such 8, for ‘exarple, losdurs
auxemic stagE of chmuc renal d1sease(e 3 g

| e famhbaum of: acm amtmn n by, acnia is bzwght aboiit 28", oo

"fonws (z) e S -'/ s
.J..‘mmamsomu uasmexeamlypemeantfxeebésem:,

‘and as the pooxl\y pemmbait. amorim iy () in "th pu-aepmémc

eqmmmm- NH3 + H e_>m4. -2t pH' 7.0 about 998 of ‘the mm ¥

mmaausts asNHA,, At the lo»ar PH values nonnally fuund in the

urmethepxo;nrtmasm4zsever\gxeétar i

2. NH. foz'nﬁd m the !enaill fubular: cel].s, rap)ﬂly dlff\JSES mto

tubular fl\nd and is azgely

11es in ﬂle abL ty of wlal u.lhular cxalls to. lrmnl:a.m / gradia'xt;s

het\\eentukmlarflmd and blosd of gzeate:ﬂmnﬂuo/l }) ’lhus,the
’kmneycamotfommneofpﬂlessumabmta 5 m)menonofm Tt N

“at the’ ac:dlfxcqtim sites. serves to bufer the protals of tubular

fluid, thus faclhtahng further acxd exm:et.\m.
I3
3. Ammonia @m 'ontpermu:s r}ﬂ urinary exm:etmn of amds%ch as

swlfuric, x cendu rind\efoanufamm\nn

salts. ‘miis also opezaues as’an i.n'partant part f a‘sodium mnservahm

i &, &8
rtechanlsm since urinary disposal of the anjons of acids vould othemse

xeque ex:xetmn ©of an equwalence of ‘plasma vatlms. a3 ok

/ ? o

samm s:mmymmmmsmzmcrmmm \' 1 ST UR

‘Nash and Eened.\ct (3) Wete the fitst to demsr:ate that anlmma

was fmredbymek.lmeys ﬁmsﬂrﬁp:ecursormﬂwearterialblooﬂand

was rapidly excreted in high wm:entrancns into | u;me. ‘mm, ntil '} LRy ¥

b, cherewas“"' laticn concerni ﬂ)e;dentxtyofthe




sdbstrate froi which the! Kidney produced amonia; Many workers at

dlfferent tures ‘suggested blood urea (4-6) ,. amino acids(7,8) and the
i ‘ . al'ﬁdegroupsofplasmpmteln(Q)asprecnxsoxsofrenalmmdxa. m ot

i ’ :
.1943.Van Slyke' et al: '(1.0) emo: “that. plasna i 15 the

major p:ecuxsor of ammonia pmduced bﬁ t:he )adney of; {-he acidotic dog

- . Jheyobservedthat ici a vas + fmﬂeblood

"~ perfusing the)udneytuacmmt forall of ‘the almnrua addedtorenal

‘venous blood and for m—ﬂ\n:ds or )rDze of that: excreted in the urine.

i 3 I alkalosx.s, both the ml mcmcnm Df glutanune and. the renal

4 !
(7 delms\:rated that' this’ incz‘ease in tate Df ammnia au:retj.on in. .

,urme was also observed: af}:er admnushratmn cf ‘both natu.ral and

'unnatural (L and D) isamers o: certam mino ac.ids. l’.ntspeich and PJ.tts

e LT ey Eleand.nandHandler(ll) f\xﬂerdamstzatedthatsmealﬂm

-acids increass’ ammonia excretmn when then plasma levels vere elevacéa wioy

and others ém not.. Simildr fesults vere also cbserved vhen-a series * . ¢

/ ofanunoam.dswetemfuseddlrecﬂymmmexmalan:eryofthe ¥

acidotic dog -(13)." On the basis of these t:mdings amuw acids ¢ axe

usuallygxmpedmthrespectmum:potmcymmmmnma~' &

e)a::etun. In gaaeral ﬂearninoamds fall mtomrmgmups of
F descendmg capacxty in. t:hxs xeqa.zd lrglutanu.ne, Iraspamqme, I~ and

 D-alanine and Irhistidine are highly efiectlve. Iraspax‘txc acid, " Y

T qucme,Irleuc.me.L' ionine, ‘apd L-cysteine are S s




effective; ‘and L-glutanic acid, L-lysine and L-arginine are completely

e o i 3 % ia

following intravencus and renal infusion of an amino acid into an
: ; R

acidotic animal suggests the existence of thé requisite enzymal

' machinery, for deaminating or deamidating, that aning acid. It telds

by

mthing at all about the cmtn.\mu?n of that amino ac)% to the'

pmductxcn of anmcriia when its p1asm concentration is Vithin the’

. =54
i

nom\aJ. range

. ~
Shalhouh et al. (14) anh pmrs &t al (15) using modern’ te

to msasure t.he ca\canlrahms of amiino amds in arterial and mal

venuusplasm:of ac)dmuc dogs\uvedthat g}.uhanunawas em-_ractsd m
fa:gxeaterannunﬂﬁlananyoﬂmrmumamd msccnfmrsthe

) zegortad in' man (16 - ad:endai fo'rats (17, 19) Pitts /rus

sh:med that; émide’mtmgm of

sekets (2) enploying

glutamme amounm for an avarage ‘of 43 3& of ﬂ~e renal pool of

" amenia whereas the artinio. nitrogen oﬁ g1umme accounts fory 15 »

’l‘hus n an average, nearly mo—ﬂuxds of the renal arm:ma is denve:l
fm the two mt‘.twa\s of plasna glubzau_ne.

Walker: (19)., us;mg th_ murogmcture bechniq'ue o anptuman o

1 k)dneys, shoved | that alm'onla was mt detected in ('he qlmerulus,

 proxinal tibule and the £irse one-4hizd -of the dtstai Eubular fluid.
Hovever,. ammonia fust ‘abpedred ‘i saiples colletted fmn the zmddle

cf the distal tubule and increased’ in conaentratlm as the fluxd flcws

“along e teriinal parts of the nephzm he; inc:ease in concentration:

of amonia: exal:ﬂy paralleled the- jncreasein acmty of the iring (20).




Héever, Studles e showed thnt t:he gloerlar, £iltrate vas :
'maesuy acidified as it £loys alog the proximal tubile (21). . Glabhan

et.al,

(22) wem the fust to ds'lmstrate the contribution of, proximal

»tubules to \:u:me almuma in mt kidney.

snmlar fﬁ_ndmgs have been

reported by Hayes et al. (23) -Ih mlcmpunctute studies on “iormal, .,
. secren.moecurredmﬂ‘lepmml tubule arx!ﬂm(:allpatts ofde
nephrm added anmonia to the luminal' fluid. "In-acidosds, the proiinal

tubule may cmk:.bute as mmh as 50 0708 of ‘the total uru\a}K;m:ma.
Apattem 'of hyd.:ogm ion secret].cn sinu.lar £5 that of ammonia tiozk

i . has a]so bee-n fmr.ﬂ in'rat kldneyA ngressive amdlf,lcahm occuned
g :mﬂ:epmun\alt\.\bule (2425),d.xsea1mbu1eaMco11ecmganct§ zm

meresultsfxmstop-ﬂowst;xhes d\éacgp.ndx tethat:the

and urine 2 are

S G e ,'sxteofammma

;. .07 the distal portion of the nephircn’ (25-27)

obsezvedm thepmoumal tubnna‘} in cmtrasbtoﬂ-e fmd:.x\gsmmmal
< rats. Hmever, bbt,hbecaneev).dmt )nthepmml tubulel.nnhmmc

. metabohc ac:dosx ,me possibxllty of pm}nmal tubular contn.tmt.mn

to un.ne Jammonia in: the nomal state camot be d1scaxﬂed, fmr even LE
suhstanhal, 1t could still be belcw' the lu!nt of" sa)sﬂ:lvlty of the :

‘analytical procedure. eyt ; 2

“he-plasma levels of glutamine have Been' shown'edther hot to : .

chiange’ appreciably, in acute (30) ok chronic (31) metabolic’ acidosis |

inidog,or in chironic acidosis in rats (32) or to exhibit a modest '

In mm'pmcmze Studies =

normal dogs, rexfhe.r ammma secmtmn (28) nor acidlfmcatxm (29) were

acidotic and alkalotic rats, these authors dasarved that riet ammma -

B

!
i
i
t




gecrease in chronic acidosis'in rats:(18). Tm:s, At'seels'unllkély

that glutanine ‘supply. is’a)controlling factor for the production’ of

- almnnia. Since :rmspo:t of anmonia £rom o1l to tubular “fluid is an-

act:zenaly rapid, .passive process (33, 34), it follois thit. the st llkely

sitesof, of ammenia :‘ ion are the tx Tt of

into cortlcal celyan and ms subsequem: mfxacellular metabolism. i
i T 6 "~
" P 1 S

i ‘ auwmembepmiaedwﬂe‘wmmdeusﬂmughmthm_

lunmal and anu-luminal surfaues (,35‘6) In fact, in chtomc :getabolic

lndnsls the fraction of Plasma qlutamme veroved by the k)dney is far

-hxgm: ‘than ‘the ‘fréction of plasma £ terzd so that glu(:xnu.ne ansport

thn)ugh thg anti Juminal’ su.rface occux.s Welhoutne (37) suggesbed “that

3 the renal utake. of glutam.me is not 4 cenderitrative ptu:ess. sesm; oy

' t}ns, there is' fio data avazla.ble to ;\.nﬂ.lcate huw the ttarsport af

glutamme intc cells is regulaheﬂ

thatthe > rtabolisn.of glutaking: s wndef, requlation is

dﬁmstrabed by Hems' and Bmsnan (BB) hhat ﬂ‘ne cmoentraum ©of gluba— e e

kldney (39) That mc):msed axmmxa a(cretacn/’nccurs in t'he faae of s

& cellutar trations of | _‘ azgueg ﬁxa faczuta ion

i




ous‘anmalussm mm(ndmdaufsm:eﬂﬂm;m " e

:hmmemmnbbaﬂmsysmmpabhofmgmg
" ‘glutamine. aemzyneﬂudusacuvatedbypmqmtsuﬁnotby
/" ‘mmwuasmnammxmmmrmmn
£ Avamvamimegpmufwnmmadmtinﬂﬁpxmof

. ﬁmsphahewastefemedu glufalnnas: II. Both of u'sse enzyme

% acthtieshavebeexshodnmbepxesmtmlmlyinthehdneymnax :

: 'nm,glum\maselxsp:esentmﬂnxmermd a and’
P glut:ammase snchaaueetmmﬂ‘.

It was a:iﬁna.lly d'nught that there were t.wq ma)nr paﬂmays ni
mutmadm&mghtammemmlmm mepaﬂmy 00\ I
gl\xanﬁms& Lpamay) involvesvthe hyiimlysis uf ‘glutanine 40 :
ghxtanucamdaﬂam?mhyglntawwsel‘ Mglumd.caclﬂm

e Rt :




- uketoglutaramic acid, shich is*subsequently deimidated by an-
w-amidase to give ia and a-ketoglutatic acid s

S
> - glutamine-a-keto: acid : .
‘ g v . - aminotransferase e .
s "z“u z'c"’z'?’ | Rf"w e
* Glitamine " .. - eketoasid L . .

2 qlutmumsellsbamdmmsol\bleparunlesofhva:andhdney
2 : - whexeas,qlutzmnasenxslocamdinﬂesupernatantmm. A

r : Siegherd did Ka]mtsky 145 amg;ed glutaninase T fo e arge | ‘ )
; S _grannln f_mct.mﬂ" oi rat hvpz Klingman and: Handle: (45) observed 5 :

that pi Kidney waslncafed olusi in the miltéphondria

-
'ardd\atxtwasalsosnmﬂabedbysulfatemdazsmahe mm. Ianar

2 (47} reported thar. ‘glutaminase T vais found pmamrxnamy in mmdm 2w
ial preparations ‘and that another ‘enzyme; qlutmmhydxm@mz vhich
il i e

The. qlutammase II ucr_{vxty was not mvesugated by ime because ‘ofits
reported localization in the soluble aﬁctim (41,42) and hecause of if;

160 sctivity (o), < .




is able t both
assoc)ated in ‘the mc.tosclml fractlon 0!Donovan and Iﬂtspe].ch (48)

stud.led (:he effects of dlffetmt caxbm(yh.c amd on the rat kidney

i
i
;
f
5
-1

‘cartex mtodlcmdnal glutalm.nase and observed that ‘glitaminase is .
actnated not.anly by . phosphate ahd ‘some d\:her divalent’ qugamc anicns,
= _ butalso by a group of mno-d.band tricarboiylic acms, st ‘of which

A axenmlalmtahohtesofl(rebsq{cle. o . H 2

K ; 4 sig that

ebserved “in’ thees ‘statide. S)m.{larly. i d:g )mfey, thesapkivit

a fae!pt' of ZD (43)

T B i ARG Katuhmmetal (5051)

i of o ifferent i of

brain’ of xat. One

| acmuty is suatly referrad
(PDG) L me secmd zsomzyne w)uch is, not affected by phosphate and as

highly activated by naleate h& been referred to.as phosphate—
rat kxdney are

mdependent gl\xtamnase (PIG) : :Ihe two xsomzynes

1 qmysn-mnwlu.cha:e £

. e Emnﬂtohave i e "
smlmarrnedm'l‘able ol

_Katuh\m\_a‘ ot 1. (51) xeported ma'bom

w8 o il

-1 glutaminass exgas that of glutarine:ecketo/acid aninotransterabe by




. k. g
N ;

,cmﬂcﬁiusiﬁcynﬂmmshgzﬁm' i TSOENZYHES TN KITNEY* "

- protein afet) .

 Inhibitich by-gidtiate’.

¥ From Katonua ot al., (51)




) mmmmmmummc

pw:emselocatm of § “ ca-dep and' ;
: aminas wit.hintha itochondri c:mptmgl: a2l (sa)zepoma
'thatinpigkhhey dria,” s i was

@ 1

fzmﬂgkxdney,livetadmmof

mtwmxmedlugelymﬂemuﬁqﬂnalﬂmum. Pranklin and . .
Goldstein (52) suma:hepmperasofm glutaminase acnvityin

a]nﬂt,moldaMMrats. T?eyd)&rvedﬂutﬂ'ebmdﬂr—

i

glitaninase remained the same ; Most of
dewﬂentglutaxmnagmthtyvmsmmbemtmﬂﬂmmdm e
dxmfracuén.f v

e mperments have been patftmmd by many worke\:s ‘bc establish tha

mwmmmmummmmwmt
glmmhaselaybemmﬂemmmmm In
mmm Oﬁppell:tal (54) assxgned ;h)sﬁ\ate—ix@endmt

glmanmammehemmax o ond * Kovad (55)
xepmbsit!utmmhmmte—d:wﬁmtglumwasfm

d:servedlmnlymtremmmlhacum l-halsosugwstedthat
mnﬂm:auybeamamdwim

g

e \ g
ﬂ"ewte:n\ito&u\ddalmmm mewurkx-epuztedmﬁusthesls

whe\:eas,

fmdmgshavaalsoheenebseweﬂmxatk&dnsyby'
* workers (5557). mmuymmdms(sa ss)andny omsums




. reported.in this thesis suggest hat. Ji
isa uatalytm function of y—gluta|llyltran5pept fidass.

P 5. n ccrisiderable body of infom(\ati.m is‘_av‘_llable on phosphabe—

Lo i The imelmas been 'lyyunf:.edfrcm‘

& pig: kidney and its 'pn‘perties have been! strtied (6u) his, nzyne can

exlst in ‘three" d.xffaent foms each possessmg d).ffersxt nnlecular

ieights,. depending cn the imic . ‘Althoigh all, forms of the ’

s eiisyne exh:lnt kinstic chfferences rhey are au. attivated by phosphate

e andarem}uhibedlyglumte (61). Kvameard‘lbrgzer(ﬂ 63) reporbed'

-r;utg'mziﬁ i % ender fni fmnp).gkm;\ey s

g ol g mlecular aggtegates

" Ithaslmgbemlmomﬂxa\:nebabolicamdnns:esﬂrs:.na.n o) R

zﬂaptl{m increase i ﬂmsdzabe—depeﬂent gmtmumse actimty\ in the oy
ot W rar (BS)butnatJ.nthedog(sﬂ ’nusmczeasemt‘mrat;smhrely LT

aue to: an e].evat_wn of enzyme. acuwty in the, pmxmal l:onvoluted .

| tubules oxrmysand Lowry {68) teported that phma:c-depmdenc fage
D0 grueaninase s prm;:ipany fona i distal jstraignt and distal [
cmvnlucad tubules in ncvmal rats, bt in acidotic animals | ﬁm:ewas a

20 fold increase in the actwlty m pzmmml cm\bluted tibiiles such

that these Strctures now’ possessed the highest actAv:Lty. S;lml]ar o
cau:lus;ms had earher been arrived at oy Ka:cncvsky (69) usmg




i

! excreted.

hl‘_,mchamxcal techn.\,quzs chroplmcmre ‘studies. in nm:mal and. acldot.lc G

xats Have shown that:‘the proximal e is respcnsl.ble for. at least

70% of exc:eted,awmnma (22,23). Thus, it seems -redsonable to pr.vpose

that. phosphatie-dependent. gliitaninase in the proxinal convoluted tubules

is. responsiblé for the production of the major part of the ammnia

L Rsoently Welb(mme (70) and Phenix a.ndwelbcume (71) have e,

. for, ammonia < ion to
minsexpathway ami ‘; 2 lz‘nHX + g ketoglutaxarz )

that ‘a*ratlo of one for ammm.a pnﬂuctlm m glummne uﬂlxzaf_xon was .

3 aduevedm&kxaneys f:zu'nbuﬂi ﬁ:ennxmlaxﬂam.dmaratsmmhigh 2

ez i e e




e R,

=

‘.Wit@oncavefmntfmd:sérvati
5 Wy A ¥ 5

i) 1
’ ncmal hdn.eys, but had a llllch e \_y}fect in acidotw klﬂ.neys

e e ml‘eof i A :.nammma"

) kidhéys, these é@ezhenm clearly indicate a simifinant'diffemce in

the mechanism by wluch per aaldol:xc and nor_mal )ddneys lletabolne

near. iological mi. “Phenix and

(71) explamed this difference suggestmg ‘that glutmmne metabolism

in'riofmal ‘kidnéys predominately ¢ via ‘the glutamyltransferase. '
tochiondrial phosphaté-, .

ay). . Evidence, for ‘this

“réaction and in acidotic kidneys via.the

g

s that acetazolanide’ (which inhibits

-allso i amgnia duction by

fx:au the fmdmg of latge anti ofpteuned y—u] Otamyl
Kidneys after perfusion w;aé ‘" $imilar onclusi

" reached afte:\.smgmr o it (4501 a3, an 4 5
Lot glumymanssmse activity (32) 3

The ltajow uﬁsalved pmblen\ witn' Ue.ux:um s postulate c:ncatns

wmv-_he fats of the: y-glutamy] peptidés genarated " They euuld it be

allwedtoancunulatein vivo asﬂeydnm dmeperfusedkldneymda

suitable desoription of thdix jt. disposition’is

an'nonia

mlg of ammxa pxodueed e mle of. glutzmme is \luhzed.

's xeporhed > se is shom' r.a'he capame
of hydmlyzmq ot the L-nnd Discers of g r;mu.ne eqially, Welll




oty

*of amonia in acidosis: e '

R d'mmxc netaball acxdos:ls. - Since it

of substrate. ;maver Felrouna's postulated glutmnyltransferase -
“appears 0 be su\'d_lar to. the y-g1ur_any1txanspepndase at least it
xega:ds to "ubstrabe specxﬁ:u:ity (73)': ‘necenﬂy, Wadoux and Welboume
(74) ‘showed that addition of HG0,to the glutamylt.ransfezase assay

system zeduced both ammnia duction and’ activx.ty. iy

MSO to the y—glutazwltranspept:.dase assay sysmn

had no-effect on ammonia | ion and y-g : idase activity:

" 1t vas suggestid that y-glitamylt idase does not: significantl

2 contuhute o ‘ammonia pr.oductlcxp and that it i the qlutanyltxansfezase ;

: wmch “appedirs to be the pradunmant snume of ammonia ymaucuon in the:

m for. amroniz

depamdmt g1uu.mnme is prmanly Sible for the’ rensl i

Ithasbemhellesrabhsmd wanandcartamdﬂxexmn_@&t_
thc kldneys shcw a zemsrkabl.e ty'to :maaase t.helr rate of amoria

a(cxaum :Ln acubsls (75—78) E\thher, ‘, (78) sha»ed that An't

normal and idotic’d ia ¢ xa‘tated to utine.

o R e u.n.ne B, the rate of ammonia excretion yas highar, in,

the’ ehronic acidotic anmalﬂlanmthenom\alanbml 'maseubser— >

vat_\ms -are t'.he basis’ fcr the vxew of. 2 n ‘of anmonia

B amcxuswely shcwn




B e

aiffusion atross the cell membrane but rather by. rate ‘of amonia’”
production vithin the os11, changes i * the production mechanism have

been pmpased 6 explain Hn adapuve increase obs!wed during )rehakvhc g

acxdbsis. ‘ 5+ )

Davids and ‘mndn, (68) aivanced the hypothesls that sy

produmm in rats was xegﬂamd, at ].sast in part,. by changes in,

in the rat (44}

!enal '. i ama ition for changes

inﬂ)erataofanlrmm pzudm:umandexcze mmt'heinb‘ictrat.

Iemaxd and Orlaff (ao) showed'a four=fold increase in the rate"’gr-

in

utgc‘ea hy 3m'imxe;._sed ’glupami,nm o o

5 proximal, ccnvoluted “tubules.. It'is, therefore, -

e




; activity of chronically acidotic dogs dsspite a marked. imzease in

" affecting “the iricrease in aimonia mmeum. hese: fmgs'nave been

‘Goldstem (BZ who shmed it ﬂE mducr_wn of glutammase I actlv:u:y

© of rats.. Animils given aiondim chlorids exxzrehad cnly slightly more

 condliaed that renu'l ammonia’ production in rat: is nat dlosely :eg'ulated }
" by the ext 'Ieact].\ntyof, " o s, )thas.lgenpzwosed .
that thd, functional activity of ngase ifvivo' is increased asa i

possible that when this anz;@acﬁvity is neasured‘j.n-w}‘mle kidney, * /
an iricrease in proximal tubular activ'ity my not be detected becaise of

the large’ activity' in r_he distal ‘tubule) Pollack et a1, (81) and E .
Rector and Orloff (67), hokever, found no adaptive incyease in glu!'ammase 5

4
mnmagxc;edm. 'm“s,'m the EE-lth}l: dog an adaptive mtxease in

glutaninase activity is not required for the .increised amonia excretian. <

The est ew}idme against: the hypothesis conss, f£ron Ehe vork: of ;

was, prevented in early acidosis in rats with actimuycm b without g

omfmved by Bxgnall ot “als (83) Alth:mgh t‘hese am:hurs stated that

actsrionyciil D Blocked both enzyme. and, Gcinary aminia increase. m

acidotic rats, their Sssnti sho\-ed chat rats. given bou: act-_\mrycm D.
ardannmxmd\lorldem«:mted ten times as mich amronia 4s control Tats
although the aEthlty of glutammase I was xdenucal‘ in the tuo g'zoups

ammniaﬂ\anmosegivenbcm ix chloxxéeand i 'D." & -
i il g

Ho«evet there was ‘ay ‘increass” in renal activity of glubammase in,
ammls glven only amronium chlox;de. Frm\ t{ese studms it has been

¢ of some’a Eion. ‘of ‘the. i elldar milieu.  this | *' ‘

‘xeasmmghasledtothepmposalthatdmngesmrenalanmmapxo—

ductxcn in’ rnts are mechated prmanly by dctivation, or mh:betJ.m of.

J e:uscm ‘glutaminiase .- Indéed, it has bea-. demmstrated that glutamte,




19
ammofuegluwdlmeliza:ﬁm,isminhmmofﬁe
aﬁ‘.“ntyoichumzyneinmt (8¢,85), pig 16), and &g @), and bas
heens.vgastedmheﬂ:mbyﬂucht}emysmlognnlmguhum
of amonia excretion is achieved. . Goldstein (85) suggested that the

©Of renal nesi duixugadlhsislﬂg!ltu;aﬂihte

to the risé_in yenal awmiawenmby lowrisg the concertration of
glutamate. . It vas proposed that the renal concentration of glutamate.
tnlldbemgulnﬁedbyacidosumdalhlosh (85). 'In acidosis the

: mvxwgwmmmmyheinmsuym.utohmmof
o withih ia.- of intranit :
gmmmmmuhmmalmmmhypmesu n:m_amt-"
sm:-em:a/m\squbepermnmnn vivo.
- A

The content ‘OF glutamate in nomel Tat kidney is- high enouh to

s ssn inhibitign of glutaminase I activity in viero. Tn “Chimiic
adﬂnsxsﬂmxsammnntelya m&Mmﬂe:mummtof
gxutama (85). This decreass in-glutamate yould be expected to. -

pmducaaz(!\

of ammmita pro of & @ it
e bycmanedmimissullhelwﬂ{‘acumlysaenmuhmmcamdosu

ms,xfﬂehﬂuviaxofglutalmnasel in vivo iliimllarmthat

mbymlﬂstein (85) Jnvxtxomdifﬂ\eueas\medwralkldnw
5 ¥ FLA

-contents of glutamate reflect the nitoc ‘ matrix ‘concentration,

c;emmglumimémumy; Tesultirg in an increase’
T i




other factors would have to be invlved to account for the magnitude of

the increase in ammonia excretion in metaolic acidosis. C

e redax state of nicotinamide adenine in the
Of the Tenal tubalar cell is viewed as an inportan factor in renal

armoniagenesis. - Prewss (87,88) corfelated alterations ih glitamate L
s mmmzamgmmennmmmJ
rat Kidney. " He' cbserved a decreise in. ‘the content of glutamate, a rise
musmzemmmuandansemthezanoofbomm/nmﬂanam/ .

wezeacourplxshslt}masmﬁicmtrxsemthe‘ e it
ofmandmn?andas:.gxummtmmthszmal

cuxmtrat.\mofﬂm mmmnmofmmdmémln
acxfhsls but'not to a s;gmcantdegm Bemshsiﬂzatsudx
chanﬁmﬂerah(staheufpyndmemdeouhlpyphy.ambm

EReaenITat————sEY e U

- lowering renal ‘glutamate content through their effect on the glutamate .
~Gehydrogenase ‘reaction and sibseqently increass renal ammoniagenesis.

-Since ¢ se_is an intrami ial enzyme; it is
mtmwmnmofmmmmmmmmmm P
maﬂmsn,:mmmuﬁsmcmmtofmx‘ymnmlmaaan_ B

‘ ‘
3 ;
: not claxify the i ¥ 'on.he j betwe: vanmsm]l
! mlparhm{‘.sandnlm failmdlfferenuatebemem f.reeandbm:nd :
; i
L=t

N Damlmandl’xtts (B?),usmq pulselahe].\.ng tedquue,neasuxui‘
.&erateaf T.and d ion in pat' i LT

kuhey ned;ffumcehebammasemntasmdappxmimbeae
mtmteuﬁpxuiuctxm ofglumte a-dmmmoz dxenetrahe‘of




L

i

contination of glutamate and amonia to form glutamine. ‘I'hey cbserved -
that the zate of glutaminase T reaction vas J.nczeased in acxdosis st L A
de::teased in alkalosm whaxeas the qluha.nune synLhebase xeacbm was <
redwed in acidosis and was unchanged in ancalos;s, Aaeoxamaly, in. : i
acidosis amonia vas pmduced m net amounts and ex:xeted in ue urine
whereas jn alkalosis glutamme vas p:u:lueed in net: amouiits and added 0
rEnal vengus blood. ‘Tt appears that 'in’ac].dasls increased profucties:

of almonla is a amsequenoe not. anl!r of an mcrease m.the glubammase

TL reaction, but dlso ‘of a Gecrease, J-h [the qluhmk.ne synthetase reacn

They suggestsd maumese tvo freactioris’ constitute \an aperatimally

and n-ketoglutaram, These stu:hes were perfm on the basis _of

kid.néy i oliFicsly nét asingle caxpament “system. Instead, i€

i cms)sts of vascular, intexsuual 1um.nal and several nm\—?umgenem}s

ceilular fluid aumartnents among. wl-u.q; labeled precu:sqx:s could be ..
d.lsl’_mbuted at uhknvdn rahes 2 el

-\ M and Maxqmsm (90) pzeaented nsul 'w}u.ch umhcate ox:.da

uva pmcesses “in the mducum of a:mcma fmn glu by r: &

‘asatapndlymmh.zable :
ma:apmeabmzy' :

idney ito

for thase

ar gmnamine mm ‘rat kldney

ia or on the reg ion Of its
hydmlysas i mtodu:ndn.a. 2 LR et W




"»mitj'zxné(aiekmzy;réby fpetition with
S Wl AT
'cuppeu(sd)- £ r.ha,t-,\ v;of

. O'Donovan.and cosorkers ‘(48,91,92)' proposed that glutamine
hydrolysis is regulated by the éntry of acti into the mi 1

| ‘matrix.. They ohserved that the rate of mitochondrial swelling and'
= - oo T ' Serm .
mpﬁﬂ\xxxmuezehothmmasedmn&sxsalﬂsgwsteddut

uf&l\n‘ ndrial membrane, making the

n

idosis altkrs. the :
eqzynemxe arsmbl.e macﬁvaumbymtainmuﬂs. fo-e'vet, it
appaats 11.ke1y that the mtochmdnal pteparahms used m their stud\es

wé.tvot ‘iptact E\.u:tlnr, mst of the expe.rumts Were catned’out at
. ine and . 2, thése'

1 :
expexmeﬂs are not xelavan: o the in viyo situadm. 'iwvaéeuc et, ai.

nayhemﬂ'lﬁ
O\ ﬁnm;matgix._ 1 vas' postulated at
n—vofkniney' ndr ‘mentbrane "to
o5 inside. the-mitochondr maﬂusmmm




Simpson and' Shezerd (96)73 srmea “that' conversion of [U = g

ghitaiine ‘o “m in dog kidney mll:c-chandna was‘aacelazated in media .
o, Vi

i,}r) eu-.her PH or; nooz. 'mese da
of mi a1, ase By Hntras,

o attention tothe -+ L o §

possﬂuhtyaof the r
‘celyiar’ alterations t‘_hat are ].Lke].y to ccour in acidosis. Unforku* ]
: nacely, in “fhese stulies. ammonia pzuductlm Vs ‘ot neasuzed. It need' )
AdamahdSmpsun (97)sugveted_ i
“hondr' 'mnermrbxanemy N

In the:Lt studies,

natxix ﬁqn

: aciduhc ot velative e gl vats. ‘it Ws”is,\\thp_!efm.;e,»pmposeﬁ that, |




e R

W

: snnanm cuu]d be decided.

it

5 Tt was:

i e

of ammonia production from glutamine and that this rate was markedly

bt s e

stimilated by the addition of &mall quantities of trimwinolme. This
mmmmfmmmmaeglmmsexpaumy He
suggeshedd’ntth:mthkelysxheofacﬂmufglw&mmwm:.
the mil ial merbrare, in in Permeability o glutamine

This is needs to ke inyestigat atthelevelu{

mwdmiabefmﬂesxwofacbmfutqlwrtmlﬂmthls ' @

Gndman et ul. (99) obsezved macwans ﬁul,glm,
acm x and ‘G ot Lsgzeatermsh&s

Emna:n.&ﬂncnt:thmhmalkaloucnu Gl\msep:od\x:hmkmy
mscmseurglyuem\asmmzmammd&m }\:rgl\maogenesls

from

via.a'step

shiip of

hyputhesxs xwaived amgrlmn\zl s\.\ppm’tm Mlyyne (100),\&5 and:

“afmn (101), aﬂmmueaﬂ scillard. uoz) ma-s)uas;s ofanalysxs.










; _‘y—glutanyltxmspeptidam catalyzes ‘the Eransfor of the' v-ql\xranyl o

> bf scldotu: rats. The mcnzase in enyyms activity oonelated with'

. e et ; Cse

of the ‘of metabolic i iates in.frozen kidney and direct - .

estinates of PEPCK activity noted increased PEPCR activity in the kidrey -

amonia ekeretion i the mtact aninal. ‘Both thé, PERCK activity and *

ammonia o_*«:zetm wag shwn to rise ﬂun 6 houts .of -induction of
amonium chloride acidosis withoit & change i glutaminass T activity,
Further, Alleyne (103)- showd that Both gluceneogenesis #nd mmmnia
'p@ﬁc@'wm increased as part of early: response to metabolic
acidosis, bt these processes wete no(: as,closely ‘related as dn the ’

~ more chtmxcally aci mc xaty Fecendy meyne and Rxhol (0.

found:an, increase in ammrua and glumse funnat.wn from gluhmm

fzunacutely 'A_v" ‘ s thatanm ialysab) tactcr

Jxesen in plasna of acutely i :ats may be’ respoh for, the -

early mcrease in the unnazy a:mumaA

Besides the well

‘Glutaninase, therk are a anel:y of mzyn'es vhich oould. z:atalyze “the'

*transfer of & olitamyl fmiety Various accéptors in rat’kidney.

.. xesidue fxun glutdﬂume and other y—glutanyl ctmpcmnds to vazious s




f -

Uy 2 idase 'is mdely in, antial tipsde,

being highly active in acichey. (105). Tk fas b demonstratéd both

'wmchaccmphshesme lysis of 'y ; andof" e

Hydrélysis: 7
y-glum-xn+no———.> glutawm.cacld +m-n< e g

histothenically and ically that y acr_wuy

m the kidney is ma:uzly cencmtrabed in-the brush border M\branes of
pm:nmal tubules (106-109) Tn:Ls enzyne has been partia.uy pun.ﬁed 7 oo &

. Erom kg, beef and rat kidrey aiid sone of its pztpertleshzvebeen
mcammed (110 112) 3 'Jhe hydrolytie xéacnm of y—glutamyltranspepudase
by ‘phosgh

'me waick mported i :this thes:Ls b 2 »m;c‘

3 the

o i "
catalyzed by the 'sams ‘enzyme. J\ncbher actws.ty, gl\xtanohydxoxamase,

o : \L 1_“ ',‘ ":

i has beert tobe in the
fractu;n/uf ral: cidney (47): Gluta:mne synthetase i also presem: i
Fe dneyand,mdeed ' has beeri thDomnmnmd“' ich :

(91) and by Goldstein (113) m%msponsihle for t.he phosphate—

independent glntammass acu
*, hyd: 1 ami _) Y

y. y—g}umryltransferase aqt,th

synu‘etase (124). Fecently Parzfeld (72) denmstzahed that qlutamzn 3

andy

ook |




aut a role’ for a gluhanylg:zmsferting activity, distinct fmm phosphate T

' in the o of ‘ammonia in rat kxdney £rom’

o
Weespeciallymnmlkzdney. g w o o




STA']EMEIT FOR THE mmﬂm‘ FKJHIEM
'me work xeportai Sp this thesis was, Lnif.lal:ed in 1972.: At that

time it was well ebtablished that the major source of ammonia. productior

in dog (15); min (16) and rat arn idney was glwéxmne derived, fram ?

the blood, whici'is hydrolyzsd by renal 'glutamigiase (41,49).. Katunure |

et.al. (so 51) strated the exi and ion of "o

dxffera'xt iscenzyires of glutammasem the )udnay, Tiver and bxam of *
rat. ‘One iswnzyma whlrzh zeq\u_ms phbsphate fo: maximal actuuty is
usually 2 od “to°as phe tami The * second:

isoenzyne whu:h s nm: affecred by pmsphaue and hlghly amvated by

tochmdna;l frachcn. Br.:era (41) and F.rzex:a ‘and. Greenstem (42).

“hive o, that: phiosphate actd is hond 5

)

i‘vely ‘in 'the mhodwndna. lbﬂevet, Jane, of ﬂuese woz‘kexs have \.md...P

baken emwehenswe subcellular fracucnatlm of lwer or kiﬂney

7 p&cﬁduc:im from glubaming, andi¢8 requlation;
T the prec:se Localisation of both the

b

£




reported in rat kidney and their possiblé ‘inportance in-glutamise
mtakvu:n, I mmmw;nnwmmm
*xlamd 5
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ANDMALS ) “
Vale Sprague-Dawley rats, Veighing approximately 150 to 200 g

were used in these experiments. The animals had. frée access to food

and vaiter. Animdls vere cbtained fran the Medical School, Memorial

University of Newfoundland, or from the Canadian Breeding Laboratories,

¥ ‘Siglm(’lleniczlmmry $ mus,m‘,mp,mm,m,mm,a@
: mpweremauedmmmenmmemmm 1= ey tyranine-

" hydrcbranide (specific acmuty 6.04 rCi/m male) as pirchased £ram

Nwmglandmmlearcw:p.,ﬁoswn, ass. mlcthexk:!mu.calsmnf
amlytlmlgmdea:ﬂhete btained fram Jo T. Bakex' Chémical Go.;

Phxl psburg N. J., Bnt.l.sh Drug. House (BDH) Chemicals Ltd. , Poole,

mgland or frm Fisher Scientific Oavpany, Fair Lawn, N. J.
‘mzmis‘ . v v

AETEIRT o s
i c:ystalhr.ed) Irgluramate de))yquenase (Kype II, in 508 qucerol
R el ‘centaining sod;mpmsgaaue butfer, ‘g 7.3). and creatine mqmoknmse

were cbtained ‘frem Sigma' memiml Qmpany,'sb. Ia..us, Mo. ey

"Hummmmsumummmﬁummwm

St. Constant, Quebec. ° e
; _—

CHEMICALS

GEMICALS & .

R Ir t acid, cytoc 0,

. Try-glutanyl-pnitroanilide n

- pni _creatine , ‘glutathione
and phén 1ein g ic acid were px s from

'




was immediately removed, weighed, chopped finely with/a scissors and

suspended in § times its veight of ice-cold 0.33 M shorose containing

5 mi4 MgCL, and 2 mM HEPES, pH 7.4. The liver was homogenized in
L

', a smooth-glass Potter-Elvehjen hoogenizer at 470 6 Strokes with

a loose-fitting teflon pestle (clearance 0.30 mm)., | After filtration

throgh two layers of cheese cloth, the hamogenate as ionated by

+ diffe tial lzntrlfugatum into a nuclear Erécf_x
fxav:zie“ 1Ml, a lysosanal fractwn ), a mcro

|
5 soluble fraction (S), using essenl:lally the meti—.cd £ de et al.

s, as modified by Sedgwick and Hibscher (115)
pxnmdurels/s}n«merhmeZ. 2 :

tants vere .’

combined and_uam:rxfuged at 3, 15005 -For 10:min to give pellct and:

£ o B . supernatant fractions. . ‘The pelle«: was. msuspanded and = tnfuged at’

BOOngforlomnmngeamwnrdnal (M) fraction. ihe’

supemabmts were conbined and u:nf_ufuged at, 10 000 % ‘gl for. 20, mmvw

i
e

4dive pellet whu:h was zesuspa\@d and csmtnfuged at 10,

" min to nge ‘a lysosmal (L) framcn. 'me X sulung

GDnuntosedxmntme i "1(P)

“as termed the soluble (5] fraction.’
were performed at 0-4%, 3

() , la -mitochondrial
fx;é;_\an‘ (®), and a

00 - For 20

R

4
:










X
mtodmd:ia vere prepared from the 11ve: by mchfyx.ng the mthod
ofﬂlappell and Hansford (117), 2s ‘st :.ns::hare 3. e 1ive.rwas

i 3

d-opped into small.pieces and hand hurogenxzed mth a Pott&r—mvehjen )
 heogénizer (clearancé 0. 30 mm) in o ZSMsucmse cm\tajmnglmm
andSnMTrLs—RCl (1salanmnedmuo,pu74. ﬂhehmngenatewas

: cent::.fuged at 450 X g £nr 10 ml.n to sedu\'Ent nucle_l and debrls. ﬂhe

swmﬂtmtmth?eentzitu@datSSDOngormmnm ve,a

pellet (mtodmd:' ) and suphinaiint frction;  The pelist vas washed

was-suspmged,in a small’ i}dlmvg'oﬂ'isok;tiun madmm

toc}mdna we:e d.i.luted m a pzo\:ean mmentratwn uf 20 mg :
per ml. hﬂemternab:anemsmvvedbyﬁedlgltmm tednmqve

i Sdmaxunan and Gxeenawalt (ua) with sug)m; nnd.lflcahms. Ahquots s

Cofice eold chgimnm}(m ‘g -per ) ‘vere added to the suspensmn of

n\itodﬂmdria m gwe a final ccnoentrah.cn of 1 mg‘of digitonin per 4 7%

10 g of mtod\ordnal prm:em. The result.mg suspenslm was sb.rred
‘L gmtly for 15mn1at0 maﬂmdxlutedwichvolmes c: i 1auon

medium. ;. The ﬂxluhed suspension was eentnfuged at 9, ooo x:g for 10 min,
' The supernatzxtwasxerlwedand Baepenetmswas!m«x\ce. :me; e










e 2 A ey e,

mmrmmmmummimmmm

: mmﬂsmmsuiﬁneﬂbymldmlombmarﬂﬂaudneys
vere repidly removed, mwmw. The cortices were, then
hémbgenized ‘in “a, smoth glass Pottar-Eivehjem hoiogenizer 4t 470" 2am
- by six strokes with a loose-fitting teflm pestle (Clsarancs 0.30 .
mmﬂmmmmo.anmm@wsmm?‘ﬂb
'zmm;;ﬂvi. 'meduuummsm&mlgofhﬂmym
wasmxzaimlﬂmlmmun. Mmfﬂmﬁmﬁm@muyeps’

‘of ‘¢heese ;e e vas  fractic h_Y" nts uenr.:i-/"

oAl opmticms were named out ‘at. 0-4°.,

'mecentnmgadm were essentially rding to the

4 mﬂwdofdebuvecenl (].15) mﬁlslightmiwum!ass'ﬂamn.l
schave::.ma vas centrif in an sticnal B-;

'zeéfigémtﬁ@nmﬁx@atlsoxg;hrzquivésedihmt"aiﬂ.
me ratait ves decenied, the soimnt:

&y mmawmmmmmaﬂms

abwewgwenmm)fmcum 'nnmpe:nntantsmmmﬂ

aﬂ:nfugedatlibooxgﬁ:tmmnmgivalml+nluﬂa\dxhl
(Lnn frmﬂmmmma}suwas}edum hmnunqsmamt
vasﬁmmtriﬁxqadmaaedumxrso ultzmmfugaa:ms 000 X.g
ﬁmsommmsedxmneagmuw)zzacam m!ﬁnalmpe;-
natantwasmmedﬂesoluble (s): fraction. m:hsed.\m\twasmsus-‘

pendea :m a snall vulme of hulngetuzmg nedium. ’.lhese optuml hcno—

and ntrify condi ti wexedaosmaftercanyingout‘
a‘seties of prelininary rents. Gesigned to yield

1] and i 1 fractions by di










’mmmmmm;mm
Ebtdmsitygndimaxpenmu,memﬂ:medlymal+
mudnﬂnalim&mnspreptedasdmimdmmdmsw
umeemg 'niexvs\llungpauetuass\Wmamllmhmeof
0.4 M suczbse containing 1 mt-EDM, pi 7.0, This Fraction vas layered -
- eiueraqmeadimbmvusmosegndimt (pmpuuibyhyqu
,14,12,11,1o,andosns\mosemmninq " :

"‘5mleachofl9r .
maadlhbe)nrabmtin

ssm:msegtad.\ent
s 5 ! O)Nﬁwasmtd

A ﬂ\esﬂﬂmelﬂ'asplxmlrsoulmuiﬁqeatzsUOOrpn
'_ (szsoOxg)fm:zSh. Mterwnmﬁgaum,ﬂewltmsolﬁnhhe

wexemnectedﬁmthatmmlmlahq\mmgammﬂﬂb-

comsiy oot B A1 P oo setlonted 36 09165 £
1m(zmmf&soaeﬁ-),atsomumt,mmamw :
1ummm)mmm ;

mmmmmﬂammmm!mm)m L4

umammmﬁmazuesbymmmm.

e 30mn)i.n

(8 strokes) with a-
V.BZSHmmxtamuvglmmmilnHkis-l-ﬂ (isnlabmnadx.m\),

pi74.»l!‘|ese_.» iti _mxe' ed after
mmﬁmdiffaxmtpzmaduzasmawmyedmozdaxhonbhﬁna
' of ‘intact mit6hondria with least contaninabionwith

m ‘16 horogenate yos cent innn rmational B-20.
'mtnfugeatﬁﬂngurlﬂmintandnmthemclaimﬂmhmksn

cells. .The ut5500xgﬁm"
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a small volume Of lsolahm nedmm. These’ mxtochondrm weré intact was

e & ‘ evidenced by hlgh respiratory control xauos & absclute lahency of
glutanate dehydrogenase, mamhty o mnauef extamil wao, and the

i ical distri of outer- (rot: -insensitive NADH-cyboduure &

i _reductase) gnd inner oy rare ¢

nmmrana maxkax:s after 1supym1c centnfugat_lm on;a lmear s\x:mse

tratxms of dxglmnm wexe psed ior the a. ion' of the oute_r

1 cf nntcchcndna. Ahquots of. :oe cold dxg:.tomnwexeaddedhome :
i, of washed mitocka ria tngiv?afznalcmcen ation of 2,7 -
al p;otem. mexesulung'

25and mg igitoni pe:ldnq
suspens;mwas stu.-:ed gentlyfmrlSmmat 0° mdﬂmdal\n:ed wn;hz

vol\mes»ef xsolat\m ned.\\nn._ '.lhe diluted suspenslm was hamgem.zed P
byhandandcant.rifugedatQ OOngforlo min. mesupemaeantwas ;




was suspended in a small volure of isolation. nedium. e Supernatarit
follwmg removal of outez nenbrane vas designated as the soluble (scm . (

fracuon. B . . g B

. : When mitochndrial fractionation by the nethcd’of Curthoy$ and 5

Veiss was performed; inner merbrane + fatiix particles prepared as
g above wers treated as follows: ' o the inner menbrans + matiix fraction
: wasaadeamévmmofo1Msuﬁmbo:a:e-1Mpmsslmmspme
i M‘pomsmm pyrostiosphite butfer, B4 §.9;ard the suspension vas |

a]lmed to, mcubate at yoom tenperatuie foz 10 to 20 m:Ln An appxoptiate

. volire of 1\melsnluL1m (20mg 'ml wasthen added toafmal T i

‘meenttahmof()lﬁm;pe:mpmte. :mesuspensmwasallwedho p
was then dlluted Z—E(nld wlﬁl Lsolatwn
M potassim pmsphahe P

-0 Mpotassim\pyxvp!bsmahe, pns 4, e xesultmgsol twnwas »

mcubate for; 15 min at 0-4‘

. nedmm ccntammg 0 01 M aodmm bcrate 0.

mntn,fugt?d it 105, 000 x. q for 60" min, bo separate J.nner m\brane
lhe inner. nﬁnbrane pel.let

(pellet) and matnx ptmtems (supe:matant) <




\ A." sonication, 1 . .

Of the Medical ‘School. . oo

DISRUPTION OF }’IWDRIA

In the e:permmts for the studies of mtrautochondrlal
locahza‘cxm Qf glutaminase, the )‘solated mitochondria were separated

into s_oluble and mrhm.nous fx‘acums by.the follk txeatnm-ns"

Ebmeptmueshar.sitoﬁueccnmry £né mitochon=

» drial suspmsmnwas sonichted at 0° for b nun(zbursts T

fcx 30 3 eaah), at 50 Watrs outpat, mh ‘a Branson w
iss D su’ufler us].nq a prev).ously codled nucmpni:e
- The sdspe'n un\nas than ce_nu:imged at 05 000 X.g’

'fsr 60 min mm pellat and soluhle f:amcns. 'me

’msulmgpenet(mmmfmti )wasxesus-,_-
) .p;@eau, solation meditm, :

'Lubt‘l Tieatment e 8 ol e W
Bioept whare Statéd to the conttaxy aliguts;of

.5 ice cold lubrol (ZOngparml)wasaddeﬂtoﬂ'lesus-

pension ufwashed ifochéndzia to 2 final

“oil tlon onnglubzol perlommmcmnalpxote

The pellet ey s " i was:esus

2 ;xmded m isolaum mzhum.
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was added to' the su ion of ‘washed

+to_ a final concentration of $ mg digifonin per'10

g mi '1pmtem The 'wassh:ned.

4 : gently at 0° for 15'min and was then cenmfuged at
105,000, g for 60 pin. * The resulting pellet

was 5 in isolation

mal fmcr_mnm :

* prepared by differer ia rifugati ' a5 described above andl vas
w:ashed once. Enzyme nﬁrker st\uheson such p:epa:atwnsshmedlas

1
thain 13 contanindti withon This fzact{nn

s layexed a.bave a cmtmmus ‘sucrose grad).a-nt (mng:.ng fram 1 1 to

1.9 Msumse aont:aimng 1mm,pu 7.0 and ‘wa. centfifuged to

equu ium at 0-4° in ‘the SW'27 mtar of the Sp:mm L850 ultra-

the: contents cf the tube were collec\:ed fxun l:he ccp i

1 ahq\nts

us}.nq an ISOD mdel D—densxty graduent fxaatmnato 151

centrifugeat 35, uou T (82,500 % g) for 16 h.: fter cenmfugauon, '




- EAET
y

output, vith & Beanison ¥, 185 D soni £ier using the.
* ‘icroprobe. -

B. KCl Treatment . .

The microsonal fraction (L0 inl) vas treated X

. mho3chl(1ona)r.ogmafma;cm\cmmmm L
BT " of 0.15 NXCL'in the slution: mesuspmsxmwas “ o

».ulo.aeﬂmsma:o"foraomm T q W EER R e

‘:Pﬂuearations e * . ¢

3. - NaCl 'Treatment:

. 'The mcmscmal ﬁach.on {1.0 ml) was treated el i

a fma’l concen—

-‘wn_h uauuam (1 0 i) tog.
: . -cxamoto 15MNaC1m t:hesulutmn. The .

s&spmsmn was allmed to stind at o° for 5Ymm.v

,wm T:eament " Z

_'h\e ,(10nu)wasueated« i

wiﬂ\'OlOBMHJL’A (10)!0,) pH7Btog1veafl.na1

ecncanuatxon of 0. 054 M mm in the solnn

s were then mulﬁﬁ'at' 105,000'x g for 60 min.




'\;solat.lm)\'edl\m. % i AR

‘Gearge and Kenny (109)- The, incwbation mixtre contained. (16 il

N 37Eand at dzfﬁerent u.ne J.nbawals smplas (4. mL vulme) were v
pr am, 'umediately ‘oooled’ to [ and wntn_fuged at. 10'

)

_washed muqsanal fraction was trea‘ted with papaih as dasc.:;ha? by
" volime, T 6.8), the microsanal frdction (about 10 g protein), 0.3 M

'suum's'e,'u’smxci, 7's‘nmr’zis-m1 butfer, 0.1y dithioftireltol,
01mcyscem,amiosngofpapam :mes\spen mmsimmbatedat~.

equﬂxb:ated with the. elutmg buffer, containing 40 nM XCL, 11|M :

fraction after “Ereatment at 37° for 60 T

mesupmamcwaswmvedandu\epeuatwasxesuspaﬁedinme .

PAPN:N mmm

In a(pernrﬂﬂs designsi to solu.bllxze brush boxﬂe: enzymes, the -

min. Msupmmtantwasmcvedandﬂepel]etﬂasxesuspeﬁdedm
isolaumnsixm ) K

T Sepmde.xs—mo {Phammcia Fine chamcals, e, Mmtreal, Quebec)
wassmlmsnzomuis-nubuffer,px74foxlzhat 60 Afr.er
cmhng, ﬂ\eswollmgelwaspad(adinaw‘:nxlSuneol\nmand

mm,osmmmzomms«mpue . ait 4, memamsaml

mumpapmnwaseenuxfugaa Lot

ffmrateofosm::ermnmdlsmfracpcnswemeo ,us;ng:-‘f-l‘
mmaumczac&acummuecm. 2l F s i 5

mtmnmmmmwmmummmm B . = a1 v




! within the kidney was determined by the procedure” Of Waléman and Buzc-h

(119) In.these expennenrs, a cone shaped segmentwas cutfxmthe

canterofaacﬂlndney, wxﬂ\ﬂleoutba(as&\ebasaandmapapilhat :

thea;fa( memnewasﬂmcutfteehandmtafweshces(m e S

£rom mrtmz,. two from meaul}a and o papilla) . Carparable 511 S

SnMMgCIZandZHMPm P 7.4, Bnahqmtpfﬂ‘nae}nmgenabeswas
used&r’"‘- Gtarminatichs of enzye activies i

l120) . by maasun.ng spectro;hatm\etu y

* Brdic: ka el: al

.BJOM\Mreaaumnume ai‘ntalvul\meof
.3l contaified

smm OZZnMNi%IX{, 31!M’

b -ke:lx_uuranc acid, 2 M nm=, S mbenme, 504+

< trmmanolmune buf_fer, pH

memacmmwas 5

E staxtedbymeadm moramm sulfatamg:ve'

a ﬁ.nal cmcenf.raum of 0\33 ™. me enzymau

ntes wexe calwlabed by \Emg an u{mc\nm o~

"etficient for NeDi ‘at 340 'nm of 6. 2x 10 14

m‘xlm (121) f Ay
L

B Lactatu Dehydmgen

. . 2 <, tmemzymavuvitymassayeds.




C T et 2., massaymxtu\:emafmalwol\me

o e 4 Lef 201 ml;otx\tained 100 i ‘Tris-HCL buffer, B

74 GISHMNADRBXIBZORMnlcotmmﬂe ‘me»

,xeacblmwas starteaby t.‘ne add.lnm of sod.unn

pynxvate ApH 7. 4) 0, 1ve afmal unnceatzaum of .

1622x103].1txe nm'lqul(lzl) s e A S

ve NADH: -~

: ne\—_ncany (.ahmmipetahme) by ﬁqllmngthe
zedummofcytodxqvecatSSUmasdmbedby
Sotma et al (123) Eheassaymlxtu!emafxnal
wl\nmafanﬂ.umtamed DlnMnx.\dazedcytodimm

”mm«mad, SuMmtenme he reactiai was startedby

}-_meaaammotemexmozmmmaf a1euncen'




RS

ATV

. was measured at 560 nm. |The concentration of e R

F.,

chrame. ¢, 0.3 i KOV and 50 M phosphate buffer; pH

" the mettied of Gianetu: and g Duve (125). ‘The

. Bhenolphthalein was detenmined £rom a calibration

PO L

sottocdsa et al. (123). fhe assay mixtwré in'a Finad =i

volime of 2.1 ni containedi’ 0,1 m oxidized cyto”

5. The reactitn was started by the addition of .

sodium to a final con ion of 3 mM.
An ticn icient . (reduced-oxidi for o
cytochrane © of 18.5%.10% Litre:. mol Y art (124)

wasenmayedin'memmulaumofug_zgacummrg. Sy

B-G.!ur:uxonxdase

!Iheenz)maacuvrtywasneasu.tedawxdmgw i

reastion mixturs! in a total volurs of 1 ml containeds: %
0,00125 M phenolphthalein glucuronide and 0.075 i T, S
_acetate buffer, pH 5.2. (The xea&um was started by -

"the additicn of enzyme source. Aftar leicamtion EE

L fckﬁmm,ﬂezeacd was teminated by adding:

3l of a solution cmtanunqonznglyame, 0.067
MNamandODEJMNuZCDs,‘pHIOL '.lhas\:spenqim"

vas ‘and the ‘absorbance of the L

curve pte'pare:l £rom a sanple Of ‘the pure substarice..
Adenylate Kinase | '

y 'me enzyne’ vas usayed spect
(at réom temperaturé) by a modificat:

Ofl Schnaitman and.Greenavalt (118). 3




e

- version'of ADP to ATP + AMP and coupling the for-

.. consumption Of trace amounts of ATP present in the

.

_ was started by the addition of AP (i 7.4) togive a

rate'vas measured at 340 mm by following'the con-,

mtimufmm't}e' ion of NADP with

ﬁxosphate rogenase. * The assay

mixnxemafmalvnl\meaf&mleontained 15 @M

glucose; 0.75 mM NADE, ‘10 umt‘s of hexokinase, 0, 4 4
wits of glicoss h nase, o 33 e X

sodium sulide, 3 mM ADP, smygmz amxsomnns—
HCL huffgr, pH 8.0. In this assax mxmze 0.33 M ,
sodi\m\:slﬂifide replaced Ka\(-as a cytochrame axidase
snhibitor. ' This s\msumum vas wiade because the v’ s

ofa; ".g,‘ i cmplmc L 3 i
with an absorbance maximan at 320 nm could vesult. - Skt

m analytieal errors. - The assay mixture, was allowed

to incubate for about 5 min so as to pemmit the

20P. - fihe redction vas started by the addition of

v

enzyme source. .

s “Hucleotidase \

'me mzyl\'e acuvn:y was assayed as descubzd by
Pletsch’and Ooffey (126)7in a fu\al Volwie of 1 fi,«

contained: 0.2'M KCl, 0.02'M disodiun tartrate, 0.02

M MgCL, 01 M Tris-iiC buffer, pit 7.4. The reaction

final' concentration of 0,01 1 and allowed to proceed
;at 37% for 15 min. The reaction was terminated by the




L

"

\

R ey

‘acetaldetiyds. The assay System in a volums Gf 1 ml -

"6 0.2ml of 10 N HCL. The product was quantitatively

addition of 0.2 ml of 30% trichloroacetic acid and the. -

precipitated. proteins vere renbved by centrifugation,

e 4 i in- the-su was SR

byuaene&maof_nmandmibbaxmunL

Henoamine Oxidase

uhe -enzyme act.w.vity was assayed according to

. Alimemn ot a1. (128), by naas\xdng the rate of con
versien of [1 - Yoy tycaine to 11 - U pnyaro-

v ’
syishenylacetic acid and (1 - o] #hyaromyshenyl- ~

contained: 0.3.mt 11 - 4] tyramine and 0.1 1 i
thosghate busfer, pil 7.6, - Aftersinaubation at 370 . - e
foir, 15 min' the reaction vas tarminated by the addition ‘

femoved by, extraition of the assay mixture tuice with

0.5 ml of ethyl acetate, ‘The layer of ethyl acetate

vas vashed with 1 Tl of 0,1 N HCL and counted dn a

‘Beckman 1S = 333 h.qmﬂ scinkillation counter using -

Muasol as seintiliation £luid. ‘Control experiments 3 o 5 4
wezem;edw:wmmuwmuntafu-‘c] Fars

meamnmdbyemylaceeammanmof

.enzyme.

o i i (s

nmmesxmmwyas;éyedby»mepxd— 29
cadure of Gurthoys and 1owy (8). - The initial incibation -
“mixture. for phosphate-dependent gluwmmase in lml g




ined:. 20 m ing, 150 mM i
‘phosphate (KL,P0,), 0.2 i EOTA and 50 mi Tris
. . adjusted to ‘p!‘l‘B.G.( ‘The corresponding incubation

1 10 contained: 10 it glutémine;, 60 M maleate, .
0.2'rM EDIA,. adjusted to Hi 6.6 inless otherwise | /
- indicated. - These onditions ave ot Gptinal for

o8 © " the'ph tinase but were -

$ . % selacted to minimize xnterfe:mce with the phosmate—

,,dependmt glutaminase. For e].f.het assay,
,:eacﬁmmsstamdby genzyllescume After
incubation at 37° for 15 min the reaction was tei-

minated by the aamumot 0.05 ml of 10'N HCL. Yl;g
:esultmg soluﬂ.nn was nxntrxfugd and ' an ahqmt § Yemod
©.2 ) of’tha supemat.ant was used for. the deter-
inati of The vas neasuzeﬂ e
B i EpectroﬂlmicaﬂjratB;iOmna;dgmihet}by :
g ik | curthoys and Iowry (68). L _
' ) L7 vhile measuring the latency of phosphate- A O
- R : dependent glutaminase, the enzyme activity was also

! assayed at 340,mn by & contifuous spectrophol

of ammnia

=) s —anetric in vhich the
w % was coupled to NADH oxidation. The assay mixture.
" contains the following in 2 ml: 0.2 mM NADH, 20 m

a-ketoglutaric acid, 0.2.mM4 EDTA, 0.5 m4 ADB, 0,25 s B
M ‘sucrose, 50 mM Tris-iCl, 75 m4 phosphate, 5 ult

i ' rotenoné end 0.2 mg glutamic dehydrogenase. The

PO . i




 ‘trithloroacetic acid and of 0.6 M ferric nitrate] as

final it vas' 8.2 and the resction wasstarted by
ﬂeacmumofglummmgweaﬁmm
tration of 10 mM. @mmﬂﬂwﬁﬁt
mmdﬂ;ﬁmmﬂeﬁxst%smlazgelymem
summfmveﬂmamdﬁgl\xkxlil\eml\ldm
mmﬁnze,enmentesmmmedumthﬂs
time. s

~‘Glutantne synt)mtase L

e ehzyma activity was assayed by the mittid of
H}ms@d (72), based on' the determination ‘of the
Y-g > formed vhen

xeplamsmmiaasasubsmhe, wceptﬂntﬂn’
mgamatlmmafﬁecmdmuaahmmbsplus

ine inase as by Vorhaben et al’ O
1129). - The ‘réacticn. mixture (pf 7.3) in a total ot
volume of 1 ml contained: 65 m L-glutamate, 65T

‘hydrovylamine, 16 1 MC1;, 6.4 x4 ATP, 10 m creatine:

phosphate, -15 inits of creatine phosphokinase and 32

'mmmumsfex,pa7a. The reaction vas started

bymumofﬂeem&mmmdﬂnmmwas

ﬁmincuba‘mdat:iffarvmmin. “the reaction was -
stopped by the addition of 2 nl Of ferric mitrats .
redgent. [consisting of equal valumes of A0% (w/v)

i . P
Gescribed by Tgbal and Ottavay (130).. After rapid

mixing and subsequent standing for 10 min the precipitated
. s Fd 5




.

'pmhems vere Yenoved by cennnfugamon and the

of the was measure at 500

nim. . The _' of y-glutamy

was ‘determined ftun a cahhrzatlm curve ptepared

masmhoﬁﬁ:epxemm.

y-t;lu:amguxansfarass

: 'n-emzyneactivltywas assayedbymeneﬂmof !
Thormdike and Eif—m (131) as mxhﬁed b}r Herzfeld
{72). itie reaction ixture (g8 6.3) in a botal volume,

of 1 mL coftai 260 tamine, 40-m1 hydroxy
amine dzmarsenate,ZSnMciuate,ozmmPand

'anMM-A(‘.'Lz mz‘eactlmwasshartedbyﬂleaddlhm'
'ofvmgyrreandﬂwm'turewasmincmatedatsf .
* for 10.min. The reaction was ‘stopped by the addition
‘of 2 ml of fefric nitrate redgent’ (130). After rapid -

mixing and subsequent standing for 10 min the pre-

cipitated proteins were removed by centrifugation and
the absorbance of the supernatiant was measured at 500

" nm. The ion of y-glut: : was

determified from'a calibration curve prepared, from a

_sample of the pure substance: ‘A blank containing the

‘total incubation mixture minus the enzyme vas also
-tised in each assay. The optical density of this blank
was substracbed frem the oprt_loal Qerisities of the

expenmmtal nnxm:es.




LD iy e,

LOE Glutamhydlaxamse

i y—Glutsmylttanspeptidase
The enzyme‘activity ias: assayed using y—glutamyl—
pnitroanilide & substrate (73). - The xeaction mix-
h.memafinalvolmeuilmlthamed. 5 '
y-qlutanwl—p-mt:oa‘ml_;ds, 10 mtgclz, 20 M.
* glycylglycine and 0.1 M TrisSHCL butfer, PH 8.2 'The
- zeac\-_\m wasv's(:art'ed with the enzyme and thexm.xture i

was ‘then incibated at 37° for 3 to-5 min: The reaction -

msstoppedkyﬂxeaidi
acid and the absorbance of p—ni\::oanih:w frmredwas

afz:nloflSNaeetw

: neasuxed at 410 nm agamst a reference solution ‘con—

téining the ‘same u:lvpormB tixat the enzyme

v ‘aided nfter additich of acetic acid. The quantity -

"of p-nxtx‘mnxlme formed was determined From a cali-

bratiancurvepmpamdfmnawpleafﬁepuze -

; e enzyne actwity was measnxed by a mdiﬁcatim
o oft.hexamrneﬂmd (an. nvebmcubatxmnuxtmem

lm'l cai 5. y-gluta > 100 T
Naz' anazommm,pu7s.-)\'fte:incubadmat

7 forib'nnnthereacnmwastamu:\atedbyme iy

add)ltim of 0.05 ml of 10 N HC1l. The solutién was

. centrifuged and an aliquot of  the supernatant s used

1\ for the" ination of “as descr]
an'uﬁysmdmv(ss).




TRINF .

. W. Maltase

The enzyne activxtywasnesu:edby the ‘method
of Dahlqv:.st a32). ﬂhexeak:tmn mixture containedi |
0. 056Mmaltcse inDlMsodxunmleabebuffer, pi
6.0 and erizye Souroe. nftermcubat\onat?lofor -
lﬁbmﬂxexeactionwastm\inatedwﬁaamhum

" of 3 nl of Tris-glucose oxidase (1G0) reagent. The

", solution vas mived and 1et scandmawanerbach‘ét_‘
.37°furafurthex&0mnfozﬂ1edev&lopmtof
‘colcur 'meamuntofqlucosa fqmedmneasm:edat

430 mi‘against a reference solution oém:al:‘lj.ng‘ the .
© sane, ccxrpcment‘s éouept iat the s{hsti:ah(;, Qolutjm e
wasadﬂeﬂafuertheaddiﬁmofmzeam 'lhe'@
reagent 'ca':ta.i.ned 1007l of, 0. 5 M Tris-Hol bilffex, s

'-.ﬂv;pH70,115mgglucosemudase,4mqofparmdase, .

'DSrnloflio-d.lmlsldineandlmof'l‘nth‘mm b
',(l Smlutndwi.th 95% euaml).

“Azkaune Phosphatass
menzyneamvxtymms\xeduslngp‘nitzo- :
4 ptmylpmsphate as substrabe _(133) he ‘reaction
'lmxcuxe inatotzalvolmeaflmlmtained. 0.0055°;

M mtrq:}mylp!hsphabe and 0 os " glyc.me Buffer; v
e 1u 5. !lbateammwas sban:edbyﬂ\eaﬂdltlm of
enzyne source. . After i.ncubablm at 37°, fu.: 10 to 15

,mmmeneammmtemmwabyaddmgmuﬂof




- mixed w 05mloficecold20_' ¢

*'of ‘the T was at.

- 405 nm, me emamtra‘h.cn of p—mt:bphenol was

fmnasanpleafthepummbstanw.

DA ESTOMATION.

‘mm;nmuum Stions was' extrad bya 3
ofdxesdmeiderneﬂ'ndual). Osmaliqmtofead\f:apumwas

G mzmlo osumﬂm“mammmaatsq fo:lSmi.n me
v:,suspméi.mwasthencen‘f\zgedat3500xg£ormmm he pellet -
mmmmedmﬂmmgmofmmnmmmtmusedm
DNA rent: with di ine .xqumt (1;55_) ,usmg/t:al_f*-\wx{'!ws

5 i i

k m.isstanaa.:d.

PROTEIN mﬂl )
Protein was. measured. enhe: hy the ‘biuret mam (135) foumjng

~solubilization with' blats. (137}, oF occas: i ny by e M

/ % :
neﬂnd (m),usmg‘ serum albimih ‘as’ standard:







inpertanmhecauseof itsmvolvenmtasam{zogansaumeandasa‘

cmst.u:uent of mst p;otexrs. ‘me amide ;and am.no mtrcgms of ” e

gluta!ldnenqybeutﬂizedmﬁ\ebmsynﬂms:sofanmoamdswmlethe .
-‘amlde ‘nitrogen nay 'aliso be used m the synﬁhesis of n\::laoh.des,
aeminosu@ars and. oofactots In view of . thé metabolic sxgnlflcancz of .

gl\xta:yune, it is not s\xpnsmgtu £ind"that of: alltheplasma amino
acids glutamne 15 pzesem:'in the i
mededforﬂngxmthofsevualmcmozgmisnmreasmxsmtm;uued

cmcmh:af_wn Glutamme is:




i
’

acidosu, makmney extracts more glu(:smme ﬁunwhmh “Tore: ammenita s

. :
L4 i i ; the re ib t::ansfer of | /che
a—mmcg:m;pdfgluea:n;ne to an ~Keto acid to fcmtheomdmg

L-amirio add and o~ “The' e ‘is. hydro~
1yzed to n-ketogluta:abe and aminma By 3 ;an a}zyng present, in

¥ .zt liver and in ot;he: tissuds. ‘mhe xn!hmed acticns. of g]utmm.ne

trmsminaseanﬂthem—amxdaselsus:aﬂyzefmedtoasglutamiﬂaseﬂ.
MszxnesM;spxmtmﬂesolublepu:umofrathver

pxumai(z). mspu-.enfuns i mma.t




‘Lueck and Miller (141) St\idied the metabolism of glutamine in the

'isolated perfused rat.. hver unrler Dmdxtxons surulating metabolic.

idosis. Itwas = that lic acidosis esses both

and utilization. Howéver, the suppression

/ : T lof utilizan:n was greater than that of synthesis o that’the: :Vesiilt vas

_an apparent czeasl in net, synt:hesxs. ‘Their studies suppor!;s the vlw

o - e
2 ey t-_hat du.rmg acxdoms in v1v6 t.he liver ll\ay contribute to the J.nlzeased

U ied.of the orgeniisi fob glubind by i eltl-etanetautpztof

glitamine as a result of a relativdincrease in synthesis or as a -
E ‘cmsequehce of; lessened upbake"arﬁ cacabolim of qlutami.na. 'go vhat
et v\ e‘f&:mt the concentration of glut;nmm in the liver depends bn the

. balance between i h R actwu:y and i actwity
g 3 is stil) uncertain., 4 i .
T8 077 sinceSnorganié ‘ammonis i ‘@ direct substrate of'carbamyl
i I . _ of

phosphate ‘synthetase: in the urea cycle, glutanine is not directly used
! ey for carbaryl ph:sphate S{n\:‘nssxs. The amide nitrogen of glutamine
wmm 15 txanspormd “to the liver should be hydrolyzed to innxqanm

almcnia pnor to urea’ i Li‘{e;.r is 5i to
.play uﬂ uvpbrtant mlg in this metabolic paumy. . ‘.
o ... " The localization of glutaminase in rat liver is not well

i es:abushed almough Errera *(41) has rlermstnated that mosphate-
o e R dependent glutaninase i pomd 0 Ihsolyble tiver particles and ¢

o Shephezd and Kalnitsky {45) have. assig‘ned this enzyne to' the “1azge

L granular" Eractxm. g

\

e e




R
H
¥

|
i

. . INTRACELIUIAR Dlsmm oF )ENZY'MES\DW LIVER

’verysmulartathatuf iniate-cy c : 'Mosr_ofua,

; not’ satisfactory. -Previous workers' (143). reported that liver phosphate~

_in understanding' the cmt:ol of the potentxal “futile’ cycle fhat cold: ..

bewtabiashedby stainase’ and t e

.Tablenshodsmsﬂ iby of

as .campared' to that of markers in dxffe.rent subcellular fracticns
isolated from a hmpgenate_ of rat 11ver, These results are pzesented in
‘the manner pm'posed;by de Duve et al. (115). -The subcellular- distri-

bution pattems (Fig. 1) of typical nuclear (INA); lysosomal (B-glu-

e intracellular distribution of

a::thr.y is pxesent in ‘the nntoc.hcndnal fraction Lmi.l.rat\ng that '
pmsmate—depenﬂent glutaminase .is located in the mitochondria.: “The

inmaellular ibuticn of i wasnot"‘ g

clear since’ there vas nct appreciable activity detect:ed in any f!actmn 3 3
s
under r.he cmdltmns employed. It could well ba that che dmhums
enpluyedmlry stud.\esfu:uysneasuxmtnfthisenzynancnwtym .
inase is e 1abile but they measured this' enzyme |
X 7 b

acttvxtymﬂiep!esmceofloz hate, Thé presénce of |

‘in the assay. system cauld well cause an nrtifaq: hecause phosphate 15 v a
needed for phosphaté-dependent glutamlnase activity.- 'memfoze, the
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FIG: 10 Distribution pa'c'uex;x of [.hosphate-depmdmh glutaminase,*

’ mmﬂmmmhf&cﬂms&mmtl&m.
The' xe]at.we specific activity of the fractions (per-:

cmr.age of-

activity/percentage of tntal protein)
on)the oﬁ}meeﬁ 00 the-abscissa, the

by their relative protein.

" the arder in Whiéh they are isolated L4,

5 Vil content,
Tt m o trom tert tutjght;vN,’mlﬂ.é.‘atfratﬁm:g

arial L, Lysoscxbal ?, m

M, mitochon~

3 S, soluble PD Gy 5
P - _ Phosphate-dependent: glutamiriase.
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T

'wasnotsh:diedfurtherinr}elivex.
The presence of all the enzymes in the nuclear fraction is undoubtedly
due in part to contamination with unbroken cells. )

mmmmmmmmmm

Fig. 2 and Table TII shows the distri of phosgh
ghztaninayseardn(anmberofxﬁtnduﬂdaimrhe:mzmmsindiiﬁe:mt
of btained after with aigitonin,

. "g wasenpluyedasaiv

"marker for the outer mzrbrane, adenylats kinase for the inter-membrane

space, glumte dmyd:ogmase ﬁur the matrix and s\nci.nate-cyhod'm
czed\msefarﬂnhmerna!bm (118,123) . Each of these mitochon-
drial enzymes is clearly associated with a specific. isolated mitochon-

drial ion (Fig. 2). was distri d in the inner
menbrane + matrix (1M + Ma) fraction. 4 ¢
mmmmmmmpmm-mm Al

"that‘

\'me results in Fig. 2 &
glutamume is. l@@e}dﬂmmmmmwthmmxof
mimd:mdna To distinguish between these possibilities the
mmmmnm@manwofmuaﬂﬂmmd-
f\x@dmtonalbrmxsands;luble Ahigl’nr

of d:.gitmin was enployed fm: carplete disrlxpti.un of niwdn'\dna.

. ‘The di: on of &n ‘these wasnmpazgd
with enat of glutanate dehydrogenase (atrix marker) and, succinate-
ytox c (i mirker). Results are shown in

Y

Table IV. The recovery of all enzymes was greater than 85%. « The




FIG. 2.

Distribution pattem of | r gluta-

mﬁu&ﬂmmwmzzmm
By N .
following digitonin of liver .

" mitochondgia,  The relative specific activity of

~

. the subkractia age Of total

- percentage of total protein) are plotted mn the

- " the abscissa, the are
xepreserited'by their relative protein content.
'mtm,mmfnt_r{xhcum:m,

* +cuter mestrarie; SOL, soluble fraction. b Gluta-

minase. , Phosphats-dependent glutaminase.
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TABLE IV

AND TWO ENZOES

mmmmmmm
mwmamyuuammm%m.nmﬂm miaohmdmlmd:mdnavam

uthermtateifozlmnﬂhxstsﬁm‘m;udﬂ tmaisdﬂnrﬁmatoowithl\hml (2maper10m;

mtnd’uﬂnalpmtzin) urwiﬂmdigiuzun (Sln;perl.ongnd.tnduﬂtmm).
m:qeﬂav_los,onongazsom The

mesu.wmsxmwas

before use. -

m:eval\usgivgx\mﬁgpamlammg.

Treatment e .
reductase glutaminase - + dehydrogenase

Sonicaticn. Menbrane g s 200 % 65
Saluble . 0 24 35
Lisbrol Menbrane : 100 25 an
Soluble : .0 - 75 69
Digitonin Mesibrane S s, 3: = - 25
oy Soluble 6 . 3 .15

> >

=

')




phosphate-dependent. glui:a’minase is not bound to the n\itochémdrial

‘menbranes and Jlargely appears in the soluble fraction of mitochondria, -

4 5 | p

The distribution of this enzyme is vexy similar ‘to’ that of- glutamate
dehydrogenasé. These’ results siggest that phosghate-Jependent glutamin-
as{a is located in the’ matrix‘of liver mitochondria.

b W .

DISCUSSION - .
@ncose is readily formed from glutamine by the perfused liver

4). e of ¢ inﬂle i toondrial matrix g

uﬂicatss that the. path of glu&neog!mesls £rom glutanu.ne involves the
an\ino acid the dria and bem; there, The '
“outex-menbrane of nitochondria does not present a bharrier ta small

mlecu:les but: the ume.:-navbrme generally does.” 'I'ne::efore, r_he

uansport of ine across the i may xeqm.:e a specific

urmsport system. Addxtmnally. a rratrix localization for glutammase

mplies that regulation of this enzyne will e effected by the concen—

tration’ of in the mi fal matrix: .

" The presence in the same cell of enzymes carrying out opposing

reactions poses special problens in metabolic requlation, Geneyally)

a“'futile cycle" can be 'if the conditicfis that are
f.or cne enzyme are J.nh).bltaty for ths other and vica wzsa (145).  The

pnesence in liver uell.s of both and 5

would result in a net htez\kdom of PB'P if they bothiproceeded simil-
((

“tanecusly.: In addition to direct rodulation of enzyme activity, this

potential "futile cycle" could bé regulated by mitochondrial permeability. '

Glutamine synthetase is found on the surface of.isolated microsomes and

A




/ . respensible for the in vive jon Of the : - 3

" and ammcnia are present in lov concentration, suggests that intra- o ..
o " cellular glutanine levels may be important in the overall regulation
: S 0

it can be readily by hysiological ions of ‘salt:

{146) . Thus) the is of isacy process..

- 1_have demonstrated glutaminast-to be located In thelmi.tasnﬂrial
smatrix. Thus, for the "futile cycle' to operate glutamine mist: gass
into ﬂnmtodnﬂriamﬂglutmte st exit. - Little is known at

present about gl.utamine moverent across mitochondrial naﬂmnes b.\t

it has been that is by a specxfxc '
tmnsport sy:wn (147) | Zweck and Miller (i) have clearly shown that v
r.hepﬂefthe o lled.utncan i /' perfusedliver

Qtilizes glutmlm ar 'ynthasises it. It may waél be that' the control ety
ufglutammandglumﬂzﬂmamthenﬂndmdnalnmhtansu ! oS

synthetase system. ; Tl
mmumémmmmmﬂwmz' i
herogeneity and shon.to be lshibited by alaine and glycipe vhile

Wmmmdmmtedmmtacﬁvampfm el
enzyme (148)y The findings that ne directly inhibits

its G and is more as an or vhen . :

+ of ‘glutamine synthetase (149). - -..' ; B T

"

The ‘liver gluhmine synths!xsa is also sezcnqu inhibited. )zv
pnsph‘ate (150) which ey ba of physiolngh:al mpamnce in that
1is ted by * This'would suggest that _ <

b

,' ;myoffar control of g und L8 AR
mwauwﬂwdnm.ﬁum&ﬁngﬂehtherem
]










R

: mxtochmdna. Smce the rena.'l’ pmductinn and Sxcretion of amonia 16 an- .
sia i both in n

factur 1n

o the sub(lelular of both

N mdependent glutaminase in rat kidney cutts: \

mmmmmmmmmm
\Table V.shows thé @istribution of indent and |, . {0
te-indd glutsmi ang hhat of markers ih different < T

fracums ;solauad f£rom homogenates” of rat: kimey cortex. The resultsy'\
msmmmummg. smﬁsmmsedbyaemnﬁ

(115) , The subcellular distribution pattems (Fig. 3) of typlcal

uc]eat (oway (B )
i )

Yy e )5, 5 Fiy
) plasta menbrarie /(5 (and oy S (actate -
iy 'n‘axkers : mﬁnsecbsetvedbydthermvest— oA

igators”(151-153) . * Although the Specific activity of mnPH‘-cy{::x:hm:e
c zedux:tase 15 h.xghest in-the. mansm’a‘l"ﬁaction A sxgrnﬁcmt mum:
GE thi’ endyme is aléo present i the lysosomal + mitochondrial
fzamm. ~he amount of a-gxumzmn\iase acl:w\lty appearing in the
solubie fmu\mmn Be emplamed by sqme d.lsrupt\m of 1ysosmas
-?du:ingﬂ\ethxifugaﬁmpzu:edlre B e S o B P

'me mtraaﬂ.lu}ar dai
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'ndnase. i i c : mAana'

smemﬂcerenzymsmﬁactimsﬁanmthdneymm MR ¢

The za'lauve spec.\.f;u: activities (pe:centaqe of total

E acﬁv;ty/pem«age of total pmt:ein) of. the fractims

‘are plotted cn t.he oxrunaee. o ﬂm,apscgss.x e

fr.un 15& to rigm: N, nudea: ﬁacum, LAM,.

+-, 1 % »,

s, sclubls fractien, Sue,

yt.~c Reductase. ',

‘_, z:' "mx:.,"'.,w.
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¢ mitochondrial. fraction whereas the di ibution of

5. —nucleo\-_\dase ‘The presﬂme of these ehzymes 'in r_he nudlear £mc«—_im

‘electron micrographs of the nuclear, lysosomal + mitochondrial and

: ential’ cerrifugation does not Jesult in pure preparations o single

dria. * Fig. 7 shows - the result of a typical experiment in wl-uch the

" aiscontinuous sycrose gradient and vas centrifuged ahd Eractionated as

s |

B~glucurcnidase. Most of its activity is pu:esent in the lysosamal + g

clusely les that of | i~cy c an

is undoubtedly due in part to contamixation with unbroken cells.

PURITY OF DIFFERENT SUBCENIUTAR FRACTIONS OF KIINGY, CORTEX I
The purity of different subcsllular fractions vas estl:natedby
eJ.ecumndmnscopyandenzylmnarkexs. Figs. 4, 5 and 6 show
pr :

:I 1 i Tn, camen with other studies of

this type it is appament that’ pzeparatlon of such fracL\cms by differ- " i

‘crgmellies., Fniyratic atssy of the. fmcticas. fa di therent. mmpheis ©

gives'a quantitative measure of the extent of cross contamiriation:

METOCHONDRIAL, TOCALIZATICN FOR ‘PHOSPHATE-DEPENDENT GLUTAMINASE

A shown. by diffes 1 ion i (Fig. 3), )
mehxg‘hea p of b - glutani is present m‘*.ﬁ
the Iys + mitochondrial fractioh. The'mito fris in'this .|
Etacticn vere, { £rom the by reas of &
giadient centrifugation.” Both di and ‘continuous sicross 3
gradients veye enployed for the i of £rom mi n-

lysosamal + mitochondrial fraction (L +M) was abave a

described under "Materials and Methods". ' The qrédien/t' profile: (Fig. 7)
[ S
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(FIG. 7. Distribution p’a‘ehar}: of bhospnate-aepenamt Qlitarinase

. and ‘markex enzynes afte!: cmtufugauou Ln a dison-
tinuous su/.:mse dmslty grad:.ent. \l‘ysosmal ¥
mitxdmdtial fractwn was We.red cvet t.he gzad.xmt

/ox:detofﬂxei.rposl min&eu:be fmylanlscus

(a6st) to'bottamn (right) . e

pemmtage of Ehe xelatlve enzyme am:.thy xeoqveted
in each fxactu:n x—x, glufaunm dehyamgeﬁase o—o,
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sv.oscleanyt.&:ﬂ-e s not
in'an 1-vxt.h..- ivity X
tutminise ma Sltamte g (tocngcia moer) agered
in fhe s Sractictis. Sinotdiscontime can astiactally
shatpen bandkst the interfaces of the aifferent layess, éxperinn d
('ue‘zeéléo' - witha, 5 's\x:mse adi hg.ﬂshws A

s U‘ezesultofatyphﬁencpezmtinwh&?\dalyml+mtuim

/‘) dtialfracumﬂn+mmlayaedaboveaamtumussmzosegta&mt

andwas' bed and : 1 index "Materials and

Vﬁﬁhﬁs hate-d nase. and criase.|. .
Mwm)wmmmmsmhﬁ-gmx-'
uudasewasminuedmse:, ticns. , The distribution of & b ¥

mcm(ﬁhmﬂm)mhﬂmm&utuiglmz‘

"lbtestﬁorhhmuj Mam&glumﬂmsemsasuyad
in"inact mitoc i andm 00 ia vhose rembranes’ were broken

I.mxy mmptm-mug tmmehmmmofqlﬁtml%
mdpmsphatememmmsommpecuvely,ﬁmtozsumose
,vas‘pu:esmttunﬁintain isotmxclty and r.hat xofmme (2 Sumwasadéed
mpm@tmdﬂntimo{glutﬂmte 'lhhlevlshﬂdsﬂe of
tidro “and s




FIG: 8. Dist:d.b\mm pattam of ﬁ*ospha(:s-depmdent ql\r!mm:me
E J, "y
andmﬁ(ermzynesaftercent.xfwatmmammw:s IR







ammm :
we:eeimer foxlnﬁn(zrmstsfuzaos"
eath), treated for 15 min‘at 0° with lubrol (2 g per 10 ng mitochon-;
amlm)orwxmmgimusmpummmm{aﬂnﬂmm) e
" before use mmgivmmfmammm:}m :

i lietenw;e Enzyme. Ac;i‘,'ity
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musedmﬂ@msmmmamvxtymwecﬂwbﬂeas&y .
neﬂmwfmﬂemmtnfa:ﬁvity ’mesemntssuggmt
thatﬂemzynehlocabeﬂwiﬂunﬂeﬁdmchmﬂnalpemgability '

/ 3

! ) barzier (i-e., within the inner-membrane).

‘vmmmmmmmma’mmm

= . In these studies, i i Y ©;

lasusedasannﬂteriurﬂaemmmbz‘me. adawlamkumseasa

naxke:fnrthe ‘space; forthe
matnxmd : -y e ¢ t fo:the

_mesea\zynasmmrmﬂy\sedasminnmmwdmdna(ﬁa,
© 1. mtﬂm:\seasmﬂmmk{meywmmbdnﬂrmum
.wasstablmndbyb«:cypesoimmts. In the first type.of
m@ennmtﬂ:ehfmqofdsemzymmsdehemm I.nt}eseux\d
typnfmqexmmtﬁelpulmbm(!ﬂhmneutsﬂlhlefnmm)of
ined after disruption of the'mi

ﬂ-)emzymm

kmﬂmfms\ﬂ\mtsms!mml‘ahlmmatdvﬂl e

adenylate kinase was shown not €6 exhibit- latency - (Table VI, and vas'

1eganmdmﬂnm1um@ﬁ—acﬁﬁmfmemmduﬂﬂaaimm

©+ rupture- (Table VITD); ﬂemfme,itssmeammm'

i Sinilarly, glutamate Gehydrogenase #as latent and soluble, therefore,
Yt 1s localized in the matrix. -Fotes ~cy

s credmsemmhtmtmtmsmmm,ﬂuefm,umm

in the' ey c red : vas both [l

‘latentandnelbtamps r.hezefme,itislocamdinthimmerbrm
‘Paplcymgthesenﬁﬂterenzymmdefwethevanousmwdnﬂnal
an” nt o i ofﬂeinwrmllnmhuﬂm
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‘of inase’ in mi vas, demor s .

using the

of schnait; a (us):
prelininiary studieswith kidney cortex mitochondrid, 2.0; 2:5 and

'3,0mg digitonin per.10 mg

protein were used ‘to establish

the best.ca ption of digitonin ‘for, the n of outer and

1ongmmchmdna1pmmnwas fmmdmbeopthmlfortheseparatlm
‘of outerand mner mhrmsjnhdneymrtexmtodwmdna without

' release ‘of mtn_x mzymes (nq. 9). ngher ‘concentration resulted m R

1 release of glutan: £rom i fatrix, There-
fore), this quantity (2 mg digitoni per 10 mg mitochondri L protein) of
nin vas enployed in peri his is dowsle the

recamendéd ratm ‘of digitonin to protein for rat liyer mitochndria

":(118,154) . . However, the p.\:o(:e.\n xxnmtratm (10 mg per ml) 1n\ these
exper:unmfs was oné—termh of t'hat used by Sc)maitman et al.. (118 154) -,

so that the actual a:nmntrahm of dlgxtu'un in solution was less in:

- these inents. "It is/ : s that the digitoni

cmmntraum as well as the as the dqutnn_

‘fortl'ﬂseexperhmmfs‘. e s B

mlammﬂmg.ms\mme istributicn of

_.gmmmnase i & hlwbet - of: mitichdadrlal marhzr: enzyes in d.lfferent»

of ‘mi i d!tained:u.wr ot with digi

inner-menbrane +matrix. (1M + Ma) ix‘actian " ‘This confifms the infemal. -

:Locauzaumof,“ staminase ‘indicated by latenty

,‘@cpermmts (tmbleVI) i pd
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‘and sarie marker enzymes in subfractions isolated

are pld(:ced on the onl(nate. o the avict




e A




& g ™AL uuTIede TeoRdR € lndv.-\..!‘-!_.!c& gui.ﬂri!.ivlg!vﬂglxﬁgkﬂi. f

)
]
g
d

G
. i 6708 o 9° e
e ) Lot'T, 9 ™ 0 £°0T 1 LORT 4 oTgnTos:
: , R T 0L T KRNI & SURV oz 2300
T T & e s or szE »ie T 8- g 4
oot - ey, oo w oot ot et me 0T Esg. T coor it wrabudpoad o
> ity w W -

Bmno Rror ey fmna Rjner | Bweee Sisnse e o Ay weies - et 2
™RAL  ORTRNdS gual.gunﬁ.& ﬁﬂigi 2

u..!!re.l-ﬁknﬂ © ke 5 wnporionoat -lgl!.ﬂll ¢ eymmanm R
> ST TR -

| "UHROPOI RIROTIRIIIN D peseq &% SIRTARY 4

o ggﬁ?ﬁir Sﬁaiaﬁuxu niﬂé]lﬂnl:-g_l!i-ﬁ g!i.iln
!ﬂﬂ!ﬁii.ﬁuﬂ'ﬂﬁﬁlsla ..glgil}l%sgﬁglﬂ p

KINOLIDIQ WY Egiﬁgguﬂg iy o




pattem of pix

and some markeér enmss i’ subfractions isolated
folloan.ng dlgltcxdn traab!ent of: it Kidney cortex
i ¢ m:.l:ochmdrxa.‘ :me zelatwe spemfxc activu:y of the
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nksmmm OF MITOCHONDRER ’ 1

The above experiments clearly stioved that pmsg:au%—depmdmt

glutaminase is latent and is distri vith the i dne + matrix

(DM F M) f;acti&x'. Tt was; therefore, u'parhant o d.isrupt the |

)  mitochondria by thffemt treatménts in order to achieve, optimal -

forch.. e ion of ! inm ‘soluble and,
- ous fracticn and subsequa—.uy for the localizat.-\on of'f te-

depandent glutaminase: B T

Table' X Slms the dlstri.butlm of na:ker enzyltes between soluble

ftach.m is gzeahex:v i ﬂnse fracums sonlcated Eor t‘.he 1mgar tinﬁs

It is clear that 1 min smicacmn \:zeatlrent mu.\(—s in rore t.han 50! "

J'relefse of glutamate’ Gehyrirogenase in the solible E:actxcn 1he 1ongez

(Znun)txeaurentresulrsmthe v' oft_he

cytodnrme ¢ reductse) enzyme activity, in the samﬂe Ez:act_im. ;ni‘ere—

ioxe, in futther i the al

was ach:eved by smlcatlm for 1, min A fm/ lusx:oiz eéncmfxatzm of
2 my per 10 mg mitochondrial ‘protein re:

magwdxeleaseuf

101 ', gntosoluble_‘ £ Sumhxxesultswe:eubramed

wima‘finai neeritration of § i digitonin per 10,m

p):vte:m. . in . iments, a-£inal concentration:

eongluhmlorSmg

in ‘per“10. mg.
Used for ‘the ion: of mitochondrial
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vas cmpazedmﬂ: thattof glutainte dénydrogenase (matrix naxkez) “and
g v & e (ifner- marker) . :Resultsaze,““

92
~ T S
MATRI TOCALIZATION FOR PHOSPIATE-DEPENDENT GLUTAMINASE
The latency experinents and those reported in Table IX ahd Pig.
10 ingicate a location for the phosphiate-dependert. glutaninase either
on the inside of the inner—mexbrane or in the matrix. To @istinguish

'bemes\thaepmhmnuﬂemmdnﬂzmm nptumdbyamxﬂaz

of .and ther iged into and soluble

m:.- of ! i in

shown i.n.m:ie XI. The phosphate-deperdent glutammase is'not boind to*.
ﬂemmdnndxmmneswﬂlaxg&lyagmzs in thes:h:blefrnctxm
ot‘mitodxndrja masstrimmmoftuseuynexssnm.larmﬂntef
qlmddmﬂlﬂ

1mﬂusmmsmtai omsmm(ss)wmt

> vas ined in the imer mitochondrial
moﬁmxﬁ.&ey mt‘heitsuﬁisﬁeyusedadigimﬁrhml
for the aigh i of mitechondria vhich vas differ £rom the
Wmmmmmmmm Therefore,
ndri into ai : i bxu:edigﬁn-
ni ni 'as} ribed by Carthoys and Weiss (56). to establish
e kY o _1' . e ‘ : i g ’
mnl_mﬂem‘ r '755 pt : - glu 3
Y c re and e 1§|

swfxacuam of mitochondria abtained after treatment with a:g.\\mm-
lubrol. “he highest. specific m_mty of Mute—dqmamt gluta-
mmasemubsexvailnthgmt:nxsuhﬁrmpmufmﬁ:dn‘drmtﬁt el
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- mitochondrial preparatmns ‘Fron whole kidney vere a1k used to estiblish

. vetecbwvsdasrepnrtedm Tablemwhenw}mlenth&:eymh)dm

washedt}wxcebyzesuspmﬂinqmﬂ recintrifuging atSSOngfcxlO : I
iR, - mtofmwﬁ—wtodmc and 4 e
- guutainase activity vas Gbserved in the yashings (Fig ). mgpf " By
- the a ivity f

95«

. enrighinent.(increased speclfic activity compared o, ifractionated |
mtednmdna) Was also med in tha Axlne::\-nunbrane fracticn. : In
these studies mi\:odmdrml prgpamums ﬁun zat kidney ‘cortex ere.:
ussd whereas; Curthoys and Weiss IEEd whole kidney. Therefore,

“the 1 ion for

S}Jm]ar results

dria- were usﬁ far the shx:h.es. 32

i
mmwmmn+mmummmmmmm ) \‘
|
vmamam |

" As shown’in Fig: 3, a sigiificant anownt of

Y c
teductasewasnhservedmthelysosuml+mwc!nﬂrialﬁ:achm ’mg:e \
vas. als0 a considerabl actJ.v.\tyof 4 i e

mue\lysosaml+mtocrmdr.\al Eraction. || Therefore, the jysosonb + \ ;
mtodmdxialiracﬂmmsmﬂmmoﬁertosselfphosmt? LY \
independent glummasemmm—cymmecmmse activity coutd’; . \
bé removed From 1ysc + mit i . 11A and 118 -

shows ‘the distribution of different enzymes-in thrice vashed 1ys‘osme1
s mbodmd.:nl fraction. A snall amunt of Nm—cytmhmle c xedut:tase
ad

wasubsewedmwemstungs
(Fig. 11a). Hmever, when thelysosmalqrmmc)nndrml fraction was-




mum Waihmg_ot‘tatldﬂneymrtm:lysowml+mmdm
arial fmﬁmuﬁﬁeméumm of ‘ehzyres in
»thﬂaaw:shediysosmal+mmdmddalﬁracuﬁ1 ;
!.mdint'hewutu.ngsm 'memuvxtyof,f_'

Lo ' calculated as 1008 The results given are’the
: ,mn{ﬂm&dﬁa:mﬂwﬂ:hﬁwtm !a),
T Y © redu ®), -

* .. .. ‘genase; '(d), phosphate—dependent glutaminase.

() ydr

FIG. 11(8). ‘As in Fig. 11(A) except that the vashings vers .

I. »’ ﬂzwmﬂa!lymal+nﬂttdxxﬂrulfmchmwas 3
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H In these studies ‘r.he intar:tne'ss of mitochondria in- Iysosomal +

R s

DISCUSSION: B 2 s T

xemzlts md.icate that ! nt inage could 5 yashed
Qut from lysosomal # mitochondrial £raction and that the phosphate= L i
independent. glutanﬂnase found in the lysosomal + mitochohdrial fraction .
vas aue toecnt’ammatimcfthm fraction by microsonss.

mitochendrial frdction vas ‘also established in order to rule out: the kiiia
msmuxwﬁatnmmmﬂmofmtammmlm o TN

cuuld xesulb 1n an J.nmect localization of phosmate—mdepmdmt

i, e inta of i in

+ mtodmﬂrlal fraction was escabhsmd by smmng that -succinate-

cyhoc.hme < reductase. acthty was canplétely latent when assayai in the
dysbsaral + mxuxmmdr)al fraction undet isotonic oendxn.ons (’.l‘ab].e

XITI) . Sinide cytochrams ¢ camot pmeuate ﬂmmgh the ' outer-nembrane

+ (155) ;. such lal:alcy is evnieme for the mhax:mess of ﬂns nenbrane. The

'axsmbuum of moncamine cxidase mrker). mmffaent

“fractions: (‘I‘ahle XIV).was very similar to that of succanahe-cytodme
ctedumse mblev) S bl g : 3

mamgh mx:h work has been xq;m-.ea onl the sullelxﬂar Eectich:

anmofrathvermsedmﬂletadnﬂq\mofdemveet al. (115),(:hete

vas 1o good ‘differential centrifugation methid, to my best of kiciledge, . o
" for "the subcsllular fractionation of rat kidney cortex. ' Therefors, T ¢

ﬂeveloped a )leﬂnd for the fmcmcnath\ of this dsm 'me method

'euployed for the prepaxation of Kidney cortex subce‘uulaz .Etactiors was
"based on that of d Duve'et al.. (115), butinvolved nodlf;cauaxs of

their pzomdure Gentle !nmqexuzahm Wwith a loose peﬁt]e gave\a\>



: !za:tim\asas:ayedﬁt
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et

enzyme léc.iliaed in €

13 associated with the e e i oftheratk.\dneynﬂ.mdmdna

=

‘mremtsmhedbyﬂaesewoﬂcatsrer enzyneacuvihasarein

100

sepazation of suoellular struch.;res Vith ahigh degree of reprodiai- ?
bility.-and good recoverigs-of. enzymatu: actw).ty The ' punty ‘of the
individual sulicellular. fraction vas- tested by the use Of marker enzjmes
regarded as Specific. for, each sibosllular Carpchent. The distribution
ad the relative specific activities of marker enzyres with respect.to’
o o

in aifferent
st:ce:l_l\ﬂar fractums are Ehmm in 'rahle V and Fig. 3. . The dlstrlhut‘lm
pat(:arn of different mrkers is: cmparnhle 0 those reparted by other

workers (151 -153) ., 'The presence of Wﬂ-cymchmve c reauctase in

1ysosa-a1 + mtodmdﬂai\g.—acum ‘appears 'to'be due o the contamination -

*of this fxactimwiﬂxmimsuressmcems«:ofthmmzymeamwty

wuld be washed out: af(ﬂr washing Of Iysosmal + todmdnal fractlon

(Fxg 118). m xesults dwtained with| diffeu:mtial (Fig. 3) and gxadient

s AR .a) ifuc 'lshmaedtha(-. Sphate £, glitarni

is 1ocat.eim thembodmd.naof ratkmneymrtex A smu.lar czmh' 2
clusion Tas also'been reparted by other wmdcers.(sz,SS)- Further st\xa.{es g
) mtoduuina (Tables % and xa) suggest that ;hosﬂxake-ﬂepaﬂent

glutanﬁnase nay betlocated :m mitnclwndnal natnx or 1y attacbed

& mthe inside’ of nmexmtnc}mdna.l mﬂ:rane &v:mpbm et az. (53)

“that

in p1g !udney 5,8 soluble

Qirthoy’ and Vielss '(56) suggested that phosphate-d t ‘glatami




. : g
\ vere < and it is. mot ible to decide vhich. fractions are

truly enviched, Table XT slicks that on sohication scmediat less |

\

i L ‘was £rom mit ia than
- vas fate This vas a consistent: Einding in these

Si‘milar o fons. have beeri- made by Wit-Peeters ' (156)
for fabty, acid-ctivating ‘snzymes of guines pig hert mtochmdna.
Srere. (157) has. 4 that the mite 1'matrix enjoys some.

elﬂ'rm\t of u\tex‘nﬂl sbr\x:m:e and (‘hﬂt matnx enzyms are not- cmplebely
fme in soluu.on Mathh and D‘Bda'l (158) shmeﬂ txmpamra\tau.en

£

i 'lmatr:u(.‘ihe

of Krebs' x.ycle a:zyms in

atice 3 ;'"",and' » l.

i mleasamgtucatimnaywellbeindxcauve ofsareswhs!:nmxe

v
mthenatnx Ity alsozeflectaweakassx:iafnonofplms;imte—

_ “ depmﬂan\: glubammase wn:h the S,ns:ﬂe ofthe nme:—nsvbrana which, s

uy é t ;. but. is” mll purtxally endent a&et

Thus, sphat jlutamina nmhea'(




t of neta.holi.c regu‘.latim. Semnd, amatrix localization
N for phnspmte—dependmt glutammase mpl)as that regilateion of ‘this
L R . enayme vill be effectsd by the conceniration of netabohhes in the

mmchcndnal ratiix; Thus, I (:he act\vity of. ﬁnsp}ute-depemimt
i will be regt prinanly by ration and

the'! tiths of
mthiscmparmanl: Alt\'wught\-ne“_ ation i
ad glumtemsmmmm in rapidly frozeri kidnéy.(AB) and
" kidiney cockac (38,101, éhere 16 i dséitarice that: trese ne

S ondh =1t'atnx

el lular di

ase F;is quite mffete:t (Fig. :i) o he higtest vsps‘cinc activity was '

: estabhshed By mn“a(pefnve-xts s fars Pze\n.cuswurkers (51,5 54)

(53) .., Simd Tarly , in vat kidney Katinisra et




P anzyile présenit 'in’ their sti'mes'

‘Wnile species differences in part may explain the discrepancy between

my results and those of Chappell's group, ‘they camot accomt for the
nbsexvat:ms of xatun\ma et al. (51). Further, ' the candi_tions' employed

by Ehappell's growp’ (53) for i gl assay
were quite irproper since the activator maleate was mitted In addxmon,

none. of these wcrckers carried out.a’ eqmplete cell fracuqnauon ot . ogtL

rerely ple'pared mitcdwndrml fractias and tested for the presence of

Itcouldbe suggeﬁtedthatme 5,

o e
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‘k:dney cortex. Since the mi 1-fraction a

m diapter mqm that ;i\osﬂiate—depaﬂent glu\'anu.nase
was. located in the matrix of mi whezeas

nﬁepmdmt glutaminzse was enriched in ‘the microsomal fractmn of mt

uolléctmn “of nmhr:anes dp_nveﬂ f.:un mdaplasnnc mtxculum, plam
lrevhrane and’ the hmsh ln:de! of cP_L\s (Fig. 6); the exact ce].l\:lar

localizatxm ~af phosmate—mdepenamt glutaminase is not certain. i

:me.:eﬁgxe, Firther stulies were r:arnea out on'the localization and

naturé of’

i : inase in rat kidney cortex.

INTRACELIUIAR DISTRIBUTTON OF PHOSPHATE-INDEPENDENT GLUTAMINASE

Table XV shows ‘the distribution of phosphate-independent

'glutaizdpase as canpared with that of markers of plasma rmembrane (5'-

meleotidase) , brush border (alkaline phosphatase, maltase, y-glutamyl®

and K c

“in @ifferent suboelluler fractions isolated fram the;rat Kidney cortex

homogenate. 'The results are presented in the mammer proposed by de Duve
et a1. (115) in Fig. 12. The intracellular distribution of phosphate-

- independent glutaminase is similar to that of NADPH-cytochrame ¢

alkaline maltase, y-gl and
5'-nuclectidase.” The highest specific attivity of all these- enzymes was

found in the microsamal fraction.

highest specific activity of phosphate-independent glutaiinase is'present

* in’ the mi fractien.” The di 7 of ‘the |l .
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pendent

icn pattem of pho: gluta-

. minase and. othex énzymes in fractions fxui\‘rat”!ddney' 4
 cortex. . TThe relative ‘specific activities: (pexcentage
- "7'Of total activity/percentage. of total protein) of the

fractions are plotted on the ordinate. n the ahsds;a,
the fractions are represented by their relative protein
content, in the order in which they are isolated, i.e.,

* from left to right. N, muclear fraction; L +M,

i icn; B, @

fraction; S, soluble fraction, PIG., phosphate-inde-
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centrifugation. Fig. 13 shois the resilt of . ‘typlcal’ eyperiment 4n
viich the'microsamal. fractw.m Vs, centrifuged and fractionated as
dscnhsi under’ "Materials and Methods". The activity profils of
exactly paralléled that of alkaline

vhereas 5" leoti 'and D Y L w&reiaurﬂm
.. the lighter ctis This. indi that

glutaminase is localized in the brushborder of rat kidney cortex.

The' specific activity of alkaline phosphatase, maltase, y-glutamyl- -
o ) x and ir inase’is 15 - 18 tines

,mwmﬁ&ﬁ;éls-zcmmmmmte(mmm).
Sh T mislis to! the enri of alkaline and other|

- ) _mmhbo:dgrmesobseq\mbyothermﬂtexsmp\xxfmdhnxshmer
f L. preparation (109,160,161).

MEMBRANOUS NATURE OF PHOSPHATE-TNDEPENDENT GLUTAMINASE

R : o T hble Mlmﬂmeffectofd.\fferelt treah!antqonﬂ!e

e ~ " removal of indet inase " £rom mer of the
", microsoml fracticn. ion, with physislogical conden-
trations of se,slt,‘ ions in pH, or o .of these
+did riot: ‘release iable activity of r 5

qluta:r\inasé in the subemétmt. Most of the actw:u:y was retained in
the pellet fraction. ' Tiis indicdtes that the enzyme. is not loosely

bomd to the brush border menbranes. Thus, this enzyme is probably an
"integral™ rembrane protein.

e ph)sphatase, naltase and y-glu\:myltranspephdase (brush border markers)

,;{:acy.i&.,ppum be réadily separated £rom cach other by means Gf gradient

DS oY



W ey ﬂGv_]_J.-: tribution pattemn of phoss 1 .gl'ut'a—‘
y nﬂnmmﬂmmmafte:muxmganmma
"‘mﬁn\mummaedmsitygradimt. The microscnal
",ﬁmﬂmmhyemdmtaqndistmdamtnﬁ:ged
'ﬁorlﬁhatiﬁ,WOxmasmbsi\xﬁei"Hatmals"

and Methods", Rfter centrifugation the cnténts of
\ £ 715" anch tribe’ wara éollected in 1 5l aliquots vhich, an § 5
" the abscissa, are represented in the ocder of their -
B v‘_puniﬁaiintiﬂet:i'e,&mlmisuisucﬂ) m):otym,_"

(zight). 'The ordinate represents pen:mlzpoithe
ity in each fraction.

Py,
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T OF | mmmmm,
mmbmmmxmapmxmmmm |+

mmmwumm'nmmm" mhm:hroz&ﬁ-lcumzs

deumzo‘otﬁg.u.m ¢ tivities are given in r s per min per ;.. 8 e

s % 1 J'i, 3 ﬂ,

- Lt Relative

HO) lem vl

1,760 - ot 2 =
o4~ L . a8
©.0,806 15

i Maltage e

. 20230 - T

[y




hueabmtswuégivmudemihedwﬂe:"mt&uharﬂveﬂnds“

namxvu

mmnmmmmmmosmmm'
mmmwm:ammm o

ALl apadﬂc Ac\'.‘l.vides are

- given’in millimicromwles per min per my protein. Total are based cn pre-
paraticn. % - . ) e
ﬁea‘me;it' : Unfractionated P:apundm Pellet Supernatant v ',mzy (%
Senication ‘ .
' Bpecific acuvxty 5 82,2 32.5 ~ P
Total activity (8) 00" . 3 8-
XL K s 3 =
Specific activit $80: . > 2.3 15.5
+ Total-activity" (\) 100 , 957 5 100
XC1 plus sonicaticn 3 S f
- . Specific activity - 85.0 : 8641 - 191
Total activity (%), 100 . 2 gL 7 . B2
PH 5.5 - ) s .
spedfxc activity 54.2 . 55.3 0
Total activity (%) 100 BN 5, 94 0 9%
PH 5.5, plus ‘sonicaticn o ’ " s Rl B e
Specific activity ®0.37 i 67.2 e, 287
. Total activity (8) £ 100 P Bl i 9B S 8 - 103
8.5 : AT
.7 specific 59.6 sy T 66.5.: 6.7
“Total activity (|) 100. 92" -¥ '5 =97
PH 8.5 plus Soaicatim 3 % i (s
. Specific activity” 56.4 : AR X ] 1.8 g
Total acuvxty (%) 100 94 5 99
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B naleatedoesnothweanyeffectm

! presence. and: absence of maleate ! Tt was faund that dptimm pH é_or
mzymactw;tywasatpﬂ74 (F.lg.lﬂmﬂxepm !
_wherea;inﬂuabmoenfnaleatgaeacnwtym
iaégpéméa:tofpuﬁnﬂemgeofs,sws"u. !
EFFECh OF SUBSTRATE OONCENTRATIGN O PHOSPHATE-T

wasalsa

at higher:s i mexgnfor
:@tenmedbymemm.;fnmmave:anasm (E‘lg\ 15(8)).. 'mevalnes

cbtained were 1.6 ¢ 0.2 mM (n=3) mﬂ‘\?prssenceof\\maleate,

71.2xoy.zm(n=3)m1csabsm S \

PREINCURATION OF MICROSOMES WITH MALEATE: EEFECT ON

; nmmnm-rmummmsamm

- Since maleate b

was of mtexucmsee;fmmbatim ofthemlcmsulll fracum wlth .\
rrBlaateandmbsszuentmmalofﬂemlaaheresultsn‘
efiectmﬂ‘!ea\zyneacuwty. qablexvmstmsﬂnzs

experu!emz It mclea:)ha preim:ubanm ofmcmscne

actw:.i—.y and’it is t.he pzesenue of nal
a.ffed's enzyme achvit:y s










var'imsgluhaminecmm o—o,actxty

inﬂxepmeweufsomm.eate H,antun.ty
mabsaleeofmaabe '.mezesultspresmteda:e
f.xunatyp:.cal exparmmt. !meemymvaactiv.ltylmsv
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‘The

1 fiaéﬁ&:%}as

at37°for3(;minmd:s

absmcearprsenceoféommleake (pH7 4)

Aftencoolmg 5. the

smpens:m ‘was mxtrm:ged at 105,000.%. g f.cr 60 min énd the xesulr.mg

pelletmsmshedmcebeﬁcre g inha izing medi ’me




EFFECT ‘OF DIFFERENT :COMPOUNDS (N PHOSPHATE-INDEPENDENT GLUTAMINASE:

nase activity is strongly activated
by maleate. . Hovever, T kave Soind o report of the existencs of maléate
in ammals [though it is ofm a consutuent of wine). Therefore,
natmlly—occuxrmq mbmq(l:.c acxds were examined for their ability to :
" activate this-enzyie; 'Table XIX shows the effect of different cax-xmyhc

acidson i Itxsclear that at ZUI\M :

concentratlm of acetate, there is 2 ﬁ-fold increase :Ln the mzyne
tivity whereas‘m i ion was in the pme:g{
of othar carboxylic ac:.ds Snlularly, no activation was cbserved'in the

presence of metoacet:ahe or s—hydzmqhutync acid (data not shown)
Thus,’ the excretion of large quantities of these acxds as, for. aanple,
\u\ diabetic ketoac.idcsis (1) does not stimilate . anmoniia pxoductlo by

s enzyme. g
. 3 “ :
DISCUSSTON
m:est\mesrepmmdmuusd.aptgrclearlymdmateﬂat
1slocateiinﬂxebrushho:dersnf

ntk.\dneycum C\n-dnysandlmmy(w) haveslwmu-xatﬂu.senzym
181 argely present in the cells Of the, pmm straight tubiles. *
Althoiugh bruish borders are more frevalent in the canvolutsipurtxmof
this tubule, appreciable numbers are also seen in the straight portion
ne2). 1t is, ible that - !

is. located mfemuauy in the brush borders of the proximal straight
m;'ule. n was i.wpor\‘;mt to demonstzate that ‘this enzyme vas not 1oose1y
bound to the brish border menbranes. It isvellknoun that artifactval

1o<-aluat1ms can result f_zun such associations; - for aan-ple, glubmine
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indicates that this is a truly menbranous enzyme.

synthetase has been 'shown to be specifically bound to rat liver O

microsares and could be itatively removed by physiological

g L e i
".concentrations of salt (146). Senication would remove loosely bound

material and, since it .dinupts nembrane vesicles, would also rélease
; : Jor §

trapped enZymes. iol ical icns of salt and
in pH would be expected to remove énzynes that vere électrostatically

attachad.. That noné of these tneatlrents alme ar’ :m cmbmatim

/

;emntaam&exama;of ina; dea:ly,

It Has been ted both histochemi and Biochenically

that alkaline prosphatase (160,161 ,163) and y-glutanyltranspeptidase
(207-109) activities dn the Kidney are concentrated ‘in ‘the brush honder 3

lralbrane of the’ pxmumal tubule cel].s W).lfong and Nev:lle (16].)

. showed a 16-fold increase in'specific actlv:u:y of alkaiine phisphatase °

in pleparahms of rat. kidney brush Sorfler membrane relative.fo the

'atmafmlfcngarﬁNevxlleshweditmbeexuenelyenridledm‘
" microvilld. Asmu_'lar preparation showed an 18-fold increase fh.,

-qlumyltxms;nphﬂase acti n:y (1.09)

, s
y—mumwxumspephdase, pitash and phosphate-independent’
inase appeared predaninantly, if nof exclusively, in the same <\

fracticons as alkaline phosphatase (Fig, 13). 1In each ‘instance, the
" énzyms was enriched (conpared with theé cortical hopogenate) 15~ 18

fold. Other workers have reported comparable enrichment valus for

. these enzymes i(Table 3X). - Glossmann and Neville (108) cbserved that '

of the prepar-
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In the'last chapter, it vas shom that phosphate-independent
is truly a s enzye and is located in the hrush

- border merbrenes of mt)ddneymtm The reaction catalyzed by .

. ; e bkl Adhiof,
1W1WMiésmAmheMymmmm
mmmﬁmmﬂmmm&m). This raises
ﬁgmhqmmﬂnmmmmmbymmm
:ﬂ:zemavanetyofothumzynmmxchmshammcabﬂyzethe
msferof y-glumylmietymvaxiwsacceptnrsmratmey
Ml:efum, expethvmtshexe vaarn.ad wﬁtnestablishwheﬂnr{-hesa o

are catalyzed by s ’}Wuﬂeﬂﬂ:moﬂt@
ent, catalytic menifestatio otthaaampmtm.n

mcxm.mmmmmwmzm
mzeghulﬁmhmoimmv-ghmlumg
Mﬁmumuwmmmmm,m .
ﬂx':qim:e.wdsﬁmind{hg. 16), xendmmeaumj}e
mrﬁﬂwhm@mmhmaﬁmmm
mmmumzaummmswmg;mmmm&m
mmumnmmmmwmm.
mmmmmmmmema(m). The highest :
ities of y-glt 1250 and i
glutadnasevmd:sewadmﬂemmxmzag&m Hﬁlomlizaﬂm
ofy-glutmyltrmspeptidmeappeaxstnbe‘hwmmtmt wn:h its zeportad
histndﬂmcallwamatim "ﬁemnalmmmumuatcamum).
mtheumtraty,olrﬂﬂysmﬂlmry(iﬂ) ‘with mhmdvenﬁmwulypu

_haveshamthm: ol epe ¥ ispnnarily;zasa\t!.n-'




';zptiﬂmemﬂthatthismzymeislmtedinboﬂxmhmlmluted ]
andstrm.ght tul:mle aambutpm.an;ym Y - All'the
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pellet fraction. These results indiate that phosphate-independent .. .

mine synthetase.
v

H : g g :
mmrmww:mmmmmmsmm

- to. Yami the subce.ll\llar 10calizat1m of these

.o B ‘
mwmmmmmmmpmmm 3
Gurmmilsz" R % §

© - Tt hasbeen that é 'isa

partial actxv_tty of ql\xtamu-e syn o (91 ua)“ s thexefuxe, carzied
out expe:mmts o see vhether these acuv;ues cauld be. sepazateﬂ 18 e
is known ‘that tat liver glutzmunase synfhe\-ase can be readily removed

£rom’ microsones by treatment with either EDTA .or thh sodium chleride”
< 7 o

(146).. - Therefore,; rat kidney cortex microsmes were subjected to these
" treatments so as to seé vhether glubamme synthetase and phosphaba— “ a4

could e dissddiat -_-rablem

shows the effects of different t:eatnenr.s on the removal of glutamine 7 %

and i o i £rom of the -

of micre ,w:u:ha sid ‘

cencentration of\sodmm chloride or with 0 054 M EDTA results m a ¢

release of glutamine synthetase” activity into the supematant whereas

most. of -the' phos i b ‘activity was found.in the,

.glutaminasé activity of rat Kidnéy cortex cannot be atiributed to gluta~ ' ' .,

Since purified hi also catalyzes the y-glutamyl

txansfe:m xeactnon u_u) , this activity of tissues has been ac&mu:ed

VAl S
‘enzymes was studied in k:d,ney cortex. Table xat shows very dlfferm(: 5 4

d.lstrl.buums of theso two enzyres in dlffermt subcauular &ac%ions. .

Glutaming synttietase. vas enriched in‘the microsamal. fractin, smeve:, .
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. y-GLUTAMYLTRANSFERASE &
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128

b & 3 .
*y~ghitamyltransferase was enriched in both microsomal and supernatant

fractins. It is clear that the solublé y-glutamyltransferase activity

is distinct from i tasebut 1t s ssible that all of
‘the particulate activity could be die to glutaming ‘synthetase, - That "
: T /

this is not the case was dem by jmerits in vhich

" were treated with NaCl as desé.rjbed‘in Teble XXI. This treatment removed

almost all of the glutamine’ synthetase, but only 14% of the y-glutamyl-
transferase. Thus, the small fraction of y-glutamyltransferase: activity

! removed by falt ey be due to i se; but. in

adaition, it is clear that there is both'a solubile y-glutamyltransferase
and a i Y & i

.

LACK OF IDENTITY OF PH( GLUTAMINASE WITH

. %he results reported in Table XXI indicate that‘glutamine

and are due. to

wo different proteins. However, it remains possible that y-glutamyl-

and’ ’ inase activities are catalyzed
by, ‘the’ same protein. . The data in Teble XXII demonstrating that:
v-glutanyltrafisferase is largely a soluble enzye precludes this

, since p e isa

.. IDENTETY OF 'PHOSPHATE-INDEPENTENT GLUTAMINASE AND GLUTAMOINDROXAYASE

Lamar (47) has described an’ ér\zylmpic activity present in rat -

kidney which Y ! and

Therefore, experiments were carried out to see whether this activity is

|

o



similar to.that of indepen ani. mable Y1T

shows the' results of experiments where the effects of maleate on the

hydrolysis of various y-glutanyl compounds vas studied. Glutamine,
2 i Y my1~p- ilide and y- s were
all readily hydrolyzed by kidney cortex microsames and the hydrolysis

was, in each case, stimulated by maleate. The ap&xame of glutamic

acid demmistrates that hydrolysis takes place and y-glutamyl residues

‘axe transferred to vater. Y

since the : of, is stimfated by

maleate (Table XXIII), me possibility presents itself that glutamo-

may be to ¢ ]

; were carried out betieen q).uhan;i.ne

i and -y Ihydro both tes being at saturating cancen-
If the hydrolytic rescti are carried out by tw. different

. proteins, then the total activity in the presence of glutamine plus
y-glutanylhydroxamate should be equal to the sum of enzymatic activity
with glutamine and y-glu alohe. However, if the

hydrolytic reactians are carried out by the ‘same protein then the total
‘. activity in the p of g ine and y-glutamyl should

2 be less than the sum of the activity with glutahine and y-glutamyl-
hydroxamate alone, Therefore, the effect of substrate concentzation on
glutamhydroamase activity vas studied so as to establish sahnahng %

i : intration for the is of this

‘ ) Fig. 17 () shows the effect of different concentrations of

X i by on : ity in the absence and .
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mmmn
mwmmmmﬁmwmm
mwsrmmmmmwmmmmmm
The reaction mixture (fmalvol\melom) émtamaa HEFEP
(2um,;a7s),m(o 2nw, Yoglutany]. compound (glatamine 10 my; *.

10 atd; v-gl 1-p-ni ilide 5 mi4; o y-glutamyl~
hydzwcmatasm wlt}ﬂutnthd\maleate(wm) 'n:ezeacnmms
initiated by the addition of an aliquot of microsomsl im—um. 'he
reammwasstoppedaftermminwimﬂosmcmePm The
proteins. were cenh:ifugedandan a11quotof sﬁnatantwas used for .
memaasmment of glutamate. a

O T
S -

g S ithout With
= . Maleate Maleate . Ratio
y-Glutanyl Compound . - (R) (B) B/A
Glutamine : CUae et s o0 am
 Glutathione < s 1985y, 0, 168
y~Glutariyl-p-nitroanilide Y 29 (152). 2.
‘y=GlutsmyIhydroxaimats : 6 eies . A2

e values in pa:enthhses are acuviuas zalame b0 glutamine.

" Byi)imjcramles of | qlutanahe formed per min per g pmtel.n.

O T
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6, 170 Activity of gmtand:ydmamase at

varlous ygluta- .

of y

the presence and absence of maléate, ‘The resilts:’

. are; £rom a typidal ‘experiment.’




G

and presence of maieahe. The K, for y-glutalvylh}dmmte was élso
detemmindd by the rothod of Lineaver and Burk’ (Fig, 17 (a)) The _’

‘Valuescbtamedwexeoab 013)!M(n—3)mﬂqeabsenceofnalea\:e, 3t

L and 0.98 & ozanM(n 3)mxtspresence mb].e)cavdmsme s

hydrolysis of ine and.y A mate by the rat kidney
: : E .
cortex micmsural fraction: The tobal enzyme activity in the presewe - 4

“of glutmune plus »(—gmamylhydmame is less than that of the sum of

the activities in the ‘presence of’glutamine and y- I
aléné. ‘These zesults are cansistent with the proposition ‘that two sub—

stratma:ebemg hydmlyzed by the same protein. - In other experinents,,

<§mmmbelwalxzeﬂmﬂﬂehnﬂ1bozdamane

Y wl-p-nitroanilide and different
cmbmatims of these y—glutalwl dmm:s were used all at satuz?7t;mg
mml:entmt:ms, as ‘substrates. - Table XV shms Ehe result.of these

experiments. The total enzyme actwn:y in :}15 pxesenue of any two

'y-glumyl donior's is alvays less than that Of the sim of their acuvu.xe&

idually. These results s\ngest that there exists in

e
kidney microsores. a- smgl.e mzynptxc activity hhat can hydrolyse "

y—glumwl in a maleate-stimilated. fashion. . This
activity is. identical to i ¢ inase vhich is’

Iﬂihﬂ OF PH(EP}M-]NEEPHM G[mm AND -Gmmmmmsmrm

mmmmmpmmmmmm

Immmwspmm ACTIVITIES

Katunima ot al.(51) rated that
minase is 1[** 1 i o heat tre . I
conpared the effects of heat treatzlent of e wisbetinl Erackionen | e

"y




_at i entrati '-"icru,,

The reaction mikture (£inal volure 1.0
(20 m4; pﬂ’7.‘s), EDEX (0.2 M) , e

). memmwasmuamabymmumofa‘n’mqmtcf - : I
”mcmsamlfmmm mexeachmwasstoppedafterlbnunwjﬂrﬂos e

mlaf,mNHC.l. nepmhe smemtrifugaiandanahq\mufsupez- e




‘mmmm.ummm e
‘memcﬂmnmn(ﬁnalvnhmlonl)mlumed | HEPES.

(20 mt; p 7.6), mmzm m(enm uﬂyglumlmmd
ine 10 xt; glutathions 10 mtj

i
v-glutanyl—pnitzwﬂlideSlm) !me:eacﬁmwasmnawﬂbyﬂa
'aaammofanmqmo:mm mamcumwasmppai

" Glutamine piis glutathione
- 1 ey >
/. Glutamine plus y-glutamyl-




“activities. -rames X to xmn show the results of thase éexperinents;

It is cleat that both enzyme:. acf.l\utles are Ies]stant to short. heat
r.reamenc at: terperabmup t055° (Table xxvx) wherdas 2t 60° and 65°, -
there JS a cmvpa:ahle loss of both ‘enzyme actwlties. At 70° ‘there is

‘ : conplete loss of both. the enzyme dctivitics (zable xxvm). me.m is .0

mpaxamelossufbomenzyneacu uesacso"foratleas:so:m G

(mme XAVII). i .3

L "7 fable YXIX shovs the effsct: of papain on the release of different ',

12 ‘enzymes from menbranes of the  Eraction.” ‘of micro*
L Somes with papain- for different ‘time periods résults in a comparable | v
; i oo ; : ST -

amvnues )nto the supemabant whareas maltase,. anﬂthet brus'h hoxd&r

enzyne was " released’ mtn the mpematant at g\nte a different rdte.

!ﬂ-‘s recovery of. these enzynes after papam tzeahrmtwas 94-97% of ‘that

‘ ¢ presént before treatment.” e results with mltase sugdest that the -+ i
Xt parallel reledse of ent; inase and y-glutamyl-""
- B % i : transpeptmase is not: due toa ganerahzed des\mx:tim of bzushbozﬂer : ’

mrixanes. B . < ', : -

GMMDGRAPHY DF PAE'W SGLUBILIZ‘BD M‘[m mcmm B

e memants:mmmEsm :ocrxfaneatnaissecme : ;
. = ¢ ami from ‘ 'mexe- Sk
fu,re,‘ of ‘these activiti fvra 'masol\zhﬂ.lzed

pmrtems obtamad after papam t::eahvmt of “the micmscmal E:actmn Were
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THBLE YHVIT : i
o o : ; ’
 AND y-GUTAMYLT SP] lnvmmlf‘l‘“luly 4
Bt a . ﬂhamnxosumlfxm:hcnwasheatedatﬁooforthameated

g, & meper:zﬂs,mlvedlatp_‘[ymiedtoo andﬂwenahq\ntsmeuseafor
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EBFFECTS OF HEAT S G 5% %

Dy S ENZYME ACTIVITIES
. Al . . p
_The microsomal fraction was heated for 10 min at the indicated

..., temperatures, fmediately cooled toh° and then aliquots were used for s

: ; . o, : i i
; " measurement of ehzyme activities as described lnder "Materials and .
s CTpnle T
i % 3 207970 percentage Enzyme Activity ¢
SR ot L T g £
sy Sk
% 1 - e
. : 100 ;
s X . .
P 100
B y 96 O R
N i
) p 19 ;
700 .0 : 0
A P ey e ¥ A
it : 7
7 > ; 2 . % -
i ¢ .
e i & e 3
3 : : i &
b4 v
* 4




mmymmmmmﬁmmmmmmwmmmmm
ﬁemmmlmmwastmawdwiﬂrpapamasdes&medwﬁer"mtenalamveﬂnds At .. F
'mdlahedtumpermd, sazrpleswezemd'xim, :umedzately cooled to 0° andthencmtnfuged at 105 OODx R A T
g for 60 min. - The supernatent vas removed and the pellet vas resuspénded'before enzyme dssays. .| - 0% A |

= p 5

Pércentage Exizyme Activity




i
i

chraatographed on a-colum Of . sephadex, ¢-100. | The results obtained
£rom such an’ experinent are illustrated in Fig, 18. It is clear that

both i inase ‘and y-

act_w,\txes appeared in the sane fractions. ’l'he peak of blue dextyan

. (void volune) appeared in fraction B,

I\:rthé.r purificatim a@emvehts were not carried out because at'

thxs stage, reports from two other atories (58,59)
that }u.ghly purified ions of y idase-al
carried nut the i i ction. + However,

1 carried ‘out one further set of experiments to investigate ‘the effect
of hine o y- tidase kinetics: If phosphate-
and S & % ti iviti axe

catalyzed by the sare active site, then carpetition between the two

. { "
y-glutamyl ¢ should be Table XXX shows the

result of one such experiment.. Glutamine Anhibits the y-glutamyl-
transpeptidase activity. The effect of two concentrations of glutamine

ooy i ‘detivity: at.di x concen—

trations Was then studied inorder to understand the nature of the

* inhibition. Fig, 19°shows the result of such an experiment, ‘The -

effect 'of glutamine is to increase the Ky of y-glutamyltranspeptidase

for y-g! x.-'_ ilide without & ing the V.. Thus, the

- effect of glutamme is. to empem with 1—glumny1-p-'nltmaniude.. Hence,
1 that éminase and y

d Eferent catalytic acti of the same active




»ﬁwumonsqamua-mommn The microsomell
B :mummmmawatafwimmmsusom
and a sample @) of the 105,000 x g supematant
,mgpuuwaemlmmamaﬁmuﬂeras
'wm'mmadmm-'ﬂ,_

Y ispe XX, |




42

i

FRACTION NUMBER




p 2 .
L - { .~ 4.
2 \\ v 123
$ « e

EFFECT OF &y ACTIVETY i
53 'mee:zweactivityvas as i under
and Methods™. The concentzation of glutamine vas 10 T,

Conpounds Added  Specific Activity® | Relative Activity

None L e 200)®

Glutamine . 1. " 20,76 ; (65.6)

v
“mevalmshpaxenﬁheeesmxelaﬁvewmewxmmgmmme

bmetum]asufrnitmmihneﬁauuiperdnparngm °

e
2 5 & +
. k . ;
\ ¥
o K
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: |
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TGlutamine(2mM)
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. CONCTISIONS

*, . The Gatapresented in this chapter pemmits the following cor-
nlus;mstobedramxegazqurheldmtltyofﬁavanmy—glumwl
tm;sfe:nng acr_iv:.uu of rat kidney cortex.

X i y spepti and

glutamohydroxamase activities are all due to a single enzyme protein.

Eh.i.seayneaiso the . o!vnm, 1 "mn‘-

pounds in a m]eate—sthmlated fashion. . The physx.ulogical reachun is

i gtd:ably ‘\:hat of y-glutmylttanspeptxdase and its function nay be in
‘amino acid txaqspon as has been suggesba;l by Nelaﬂer (168) . Hsdevut,

a.mle for- r.hu enzyne in ammonia pmduchm is not éxcluded.

2. Glutamine synthetase is quite separate from y—glutanyltms—
peptidase protein. Its.subcellular loznl;,zatim " vivo is Prdﬁbly.jn
the and. its mi N 5 ization after " i

mediaof low ionic strength is probebly an artifact. Its physiclogical
functiom is the synthesis of glutamine, but the ce1l type (s) in which
it ocorrs is not: known. g il

3.’metemtwm)oz. i i ‘The major

uctlvxty:ss)hbhand)squxheﬂlsunotﬁmglutmmmsynt\'etase " 9
mcxmralacﬁvnymdmay also be dissociatedfxunthe glutanﬁle

syntietase is also demonstrated.’ “The, xeacﬁm catalyzed in vivoby = *

‘these enzymes and t.heu physmlogical funcﬂ.m remains \mcleax
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Amenia excretion s’ n.porcaht in.the reroval of excess acid
£rem the body and hence, for the maintenance of acid-base balance: e
excreticn of Strong acids by renal. tuinles is Limited By. the inability
of the kl.dney to maintain concent¥ation gradients. of protans between
urine and blood greater than 800/L (1). The secretion Of the free base,

o ¥ o - ; 5
amnia ();lﬂa) » into abular fluid removes tubular fluid protens (by

fomation of amonium (Wj)) and thius, facilitates continued acid=
ification vithout reaching the limiting proton gradient. For this
mechanism to be effective, amonia secretion should cccur at the same
site as acxd.xfxxt).cn In fact, nucmpmct\nre studies in normal and amdo— !

tio rats have shom’ that the proximal tibule is respnsible for aboit =

70% of excreted amonia and the distal tubule for mst of the balance

(22,23) .. In fact, as mich as 50% ‘of urinary anmonia excretion by both

"homal and acidotic rat kidnéy occcurs in the proxinal comoluted tubule

(22).  The work of Ws and Lowry (GB) has shmn that phosphate-
depement qlufammasa activity is nomally high in the Qistal tubules,
but duringacidosis increases to very high levels in the proximal

convoluted tubules. i i by, ison,

has high activity only in ‘the proximal straight tubule. It seems likely, :
that i in the proximal con-

voluted tubules may be responsible for the yroduct)m of as mich as half
of the total amenia excreted vhile the balahos may be provided by
activities suchas p!‘csphate-depende\t glutammase in the distal tubules

ad 3 n i in’ the proximal straiht tiules.

A study of the ion of amonia cléarly £ 1




i
¥

b st oy 3 WS

a precise intracellular localizaticn of these anymes., fhe results

presented in thxs thesis c‘l.early shcwed that phasphate-dependent
glutamnase is located withm the matrix. cmpart:ment( of mitochondria. of

liver and Kidney cortac of rat‘r( Tha enzyme could be lodsely attached to

the inside of l.fmet—‘lla!brﬂ'le of mtnchmdna. This suggest several
i ians about: phe . Nati I-‘:u:st,

 glutanine mist traverse at least three menbrancs to yeach phospliate=

dependent glutaninase, i.e., the plasma ferbrare, the outer ni rial
nenbrané, and the innef mitochondrial menbrane. The miter-mejrane is

generally d-ought to be freely permeable to szgll mlecules but. theJ
is not. fe," the of ine across

the i.rmex—imbxane may require a specific carrier system 7and meéencs
an addinmal potential point of metabolic xegulaum. /Secmd, a matrix

- 1oca1_1zatmn for s i implies that ion

of this’ enzyme mll be eEfech by the cmcenttatxm of neha.hohtes in

#hé mitochindrial matrix. *Thus, the activity of phoshate-dependent. |
'glutaminase will be regulated primarily by substrate omcenuatiqn ad

! the con ions of acti : and ‘inhibi : .
Although the con fon ‘o glistan and glut has
been measured in xapialﬁ frozen'kidney (49) and kidney cortex (38,10),
there is no that these nts re; ks vavs
- ians in the mito ial matrix. i fon én
the rati of these ftes st avait the deveiop-

rent of techniques for the measurement of in,vivo levels’ of netabolites

.in discrete cell cmpments.

Ol e other hand, the intracellular distributior’of phosphate-’




. : v i
J.ndependant glutammase is. un.te dlffaent. ’.lhis enzyms is shoin. o be //,

d . iy play'a b :
'mlemamm;.agmes;s,hesmesme ugiested role - for j-glutanyL S
pepudase in amino acid r_ranspurt (155). The, bua.hzatim of y—glutamy].—- e &

ik - :m*"““bm:der o

:-my B, i 1 2 - forc amnmia p:oducﬂm si.ncs

‘» Tat (22) ) . ()_1) it requiires the ‘minimam distarnice for amonia chffus1
between the site of its fontatich and its d.lscharge mto the tubu.lar 3
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