
Cer ebr osi de SuI f ot r ansf er ase :

Pr epar at i on of Ant i body and Local i zat i on

of Ant i gen i n Ki dney

Gl ycol i pi ds make up a l ar ge pr opor t i on of al l cel l membr anes .

Recent st udi es have shown t hat t hese l i pi ds ar e l ocal i zed t o t he

out er hal f of t he l i pi d bi l ayer , wher e t hey appar ent l y f or m a

mechani cal bar r i er t o sel ect ed sol ut es ( 1) . The l i pi ds ar e syn-

t hesi zed i n st ages i n di f f er ent ar eas of t he cel l . Thus, t he

cer ami de backbone i s f or med i n t he endopl asmi c r et i cul um

and car bohydr at e r esi dues ar e added pr edomi nant l y i n t he

Gol gi compl ex ( 36) . Sul f at i on of gl ycol i pi ds, gl ycopr ot ei ns, and

gl ycosami nogl ycans occur s bot h i n t he Gol gi compl ex and on

t he cel l sur f ace ( 8, 48) . I n t he l at t er l ocat i on, gl ycol i pi ds pl ay

a r ol e i n cel l - cel l i nt er act i ons ( 19, 26, 36) , i n di f f er ent i at i on

dur i ng devel opment ( 43) , and i n t he f unct i onal pr oper t i es of

di f f er ent i at ed cel l s ( 14, 16, 21, 37, 39, 40, 42, 47) , such as

r ecept or s f or t oxi ns ( 3, 6, 18, 33, 34, 37) . Abnor mal i t i es i n t he

composi t i on of gl ycol i pi ds have been not ed i n si t uat i ons wher e

cel l - cel l i nt er act i ons ar e di st ur bed, such as i n t r ansf or med cel l s

( 2, 7, 13, 15, 26, 28, 32, 35) .

Sul f at i de ( sul f ogal act osyl cer ami de) i s a sul f at ed gl ycol i pi d

f ound pr i mar i l y i n membr ane component s of t he gast r oi nt es-

t i nal and geni t our i nar y syst ems and t he cent r al ner vous syst em

( CNS) ( 4, 5, 20, 31, 38) . I n t he f or mer t wo syst ems, i t has been

hypot hesi zed t hat sul f at i de may pl ay a r ol e i n t he t r anspor t of

pot assi um i ons ( 17, 20) i n t he r eact i on medi at ed by Na' / K'

ATPase l ocat ed i n t he cel l s of t he i nt est i ne and ki dney . I n t he

CNS, wher e sul f at i de i s a const i t uent of myel i n, i t i s t hought t o

i nt er act speci f i cal l y wi t h t he basi c pr ot ei n of myel i n t o pr ot ect

t hi s pr ot ei n f r omt he degr adat i on by pr ot eases ( 46) . The evi -
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ABSTRACT

	

Thi s i mmunohi st ochemi cal st udy descr i bes t he l ocal i zat i on of t he enzyme cer ebr o-

si de sul f ot r ansf er ase ( phosphoadenosi ne phosphosul f at e : gal act osyl cer ami de sul f ot r ansf er ase,

EC 2 . 8 . 2 . 11) i n r at ki dney . The enzyme was pur i f i ed f r om ki dney and t he pr epar at i on was used

t o r ai se ant i bodi es f or i mmunocyt ochemi cal i nvest i gat i ons . I n t he ki dney, t he ant i gen was

pr esent onl y on t he br ush bor der of t he epi t hel i al cel l s of t he pr oxi mal t ubul es, suggest i ng t hat

sul f at i on of gl ycol i pi ds occur s i n t he cyt opl asm and pl asma membr anes of t hese speci f i c cel l s .

Mor eover , bi ochemi cal and i mmunocyt ochemi cal st udi es of cer ebr osi de sul f ot r ansf er ase dur i ng

devel opment i ndi cat e t hat cat al yt i c act i vi t y i s cor r el at ed wi t h t he appear ance of enzyme

pr ot ei n .

dence f or t hese f unct i ons i s l ar gel y ci r cumst ant i al , however ,

and t he def i ni t i ve r ol e of sul f at i de r emai ns uncer t ai n.

The l ast r eact i on i n t he synt hesi s of sul f at i de, t he sul f at i on

of gal act ocer ebr osi de, i s cat al yzed by t he enzyme gal act ocer e-

br osi de sul f ot r ansf er ase ( phosphoadenosi ne phosphosul f at e :

gal act osyl cer ami de sul f ot r ansf er ase, EC 2 . 8 . 2 . 11) . Si nce t he

l evel of sul f at i de i n t i ssues depends, i n par t , on t he act i vi t y of

t hi s enzyme, t he abi l i t y t o l ocal i ze t he sul f ot r ansf er ase i n

speci f i c t i ssues, par t i cul ar l y dur i ng devel opment , woul d per mi t

i nvest i gat i on of t he r egul at i on of t he enzyme i n di f f er ent i at i ng

cel l s, and t hus pr ovi de pot ent i al i nf or mat i on on t he r ol e of

sul f at i de i t sel f . A sur vey of t i ssues i n t he r at showed hi ghest

act i vi t y i n t he ki dney . The f act t hat sul f at i de has been i mpl i -

cat ed as havi ng a r ol e i n t he t r anspor t of pot assi um i ons and

Na' / K' ATPase i n t he ki dney makes i t par t i cul ar l y i nt er est i ng

t o st udy t he enzyme i n t hi s t i ssue.

Thi s st udy descr i bes t he pr epar at i on of an ant i body t o

pur i f i ed cer ebr osi de sul f ot r ansf er ase ( CST) f r om r at ki dney .

By usi ng t hi s ant i body, we showed t hat t he CST was l ocal i zed

t o t he br ush bor der of t he pr oxi mal t ubul e of t he ki dney . A

pr el i mi nar y r epor t of some of t hese st udi es has been pr esent ed

( 45) .

MATERI ALS AND METHODS

Spr ague- Dawl ey r at s ( Char l es Ri ver Far ms, Bost on, Mass. ) wer e obt ai ned be-

t ween 7 and 60 d post nat al . For younger ages, mot her s at 13- 15 d of gest at i on
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wer e obt ai ned, and, on t he day of del i ver y, each l i t t er was r educed t o t en pups .

The adul t ani mal s wer e f ed ad l i bi t umon st andar d l abor at or y r odent di et .

Mat er i al s

[ " S] Phosphoadenosi ne phosphosul f at e ( PAPS) was obt ai ned f r omNewEng-

l and Nucl ear ( Bost on, Mass . ) ; i mi dazol e was obt ai ned f r omCal bi ochem- Behr i ng

Cor p. , Amer i can Hoechst Cor p. ( San Di ego, Cal i f . ) ; gal act ocer ebr osi de was

obt ai ned f r om Supel co, I nc . ( Bel l ef ont e, Pa. ) ; and Tr i t on X- 100 was obt ai ned

f r om Schwar z/ Mann Di v . , Bect on, Di cki nson & Co . ( Or angebur g, N. Y. ) . Al l

sol vent s wer e r eagent gr ade .

Pur i f i cat i on of Enzyme Pr ot ei ns

Det ai l ed descr i pt i ons of t he pur i f i cat i on of t heenzyme pr ot ei n f r omr at ki dney

ar e descr i bed el sewher e, ' and onl y a br i ef descr i pt i on i s gi ven her e . The enzyme

pr ot ei n f r om 100- 200 r at ki dneys ( obt ai ned f r om Pel - Fr eeze Bi ol ogi cal s I nc. ,

Roger s, Ar k. ) was sol ubi l i zed by t r eat ment wi t h Tr i t on X- 100 f ol l owed by

ammoni um sul f at e f r act i onat i on and col umn chr omat ogr aphy ( Tabl e I ) . Homo-

genei t y of t he pr ot ei n was conf i r med by PAGE and i soel ect r i c f ocusi ng ( Fi g. 1) .

The pur i f i ed pr ot ei n cat al yzed t he t r ansf er of sul f at e f r om phosphoadenosi ne

phosphosul f at e t o bot h gal acosyl cer ami de and l act osyl cer ami de, but di d not

t r ansf er sul f at e t o ot her t est ed gl ycol i pi ds, gl ycopr ot ei ns, or mucopol ysacchar i des .

Pr epar at i on of Ant i ser um

A 500-gg sampl e of t he pur i f i ed pr ot ei n f r om ki dney was emul si f i ed i n

compl et e Fr eund' s adj uvant ( Di f co Labor at or i es, Det r oi t , Mi ch. ) , and subcut a-

neous i nj ect i ons wer e gi ven t o New Zeal and whi t e r abbi t s at mul t i pl e si t es .

Pr ei mmune ser um was obt ai ned f r omeach ani mal bef or e i mmuni zat i on. 3 wk

af t er t he f i r st i nj ect i ons, t he ani mal s wer e boost ed wi t h 100 j ug of enzyme pr ot ei n

emul si f i ed wi t h i ncompl et e Fr eund' s adj uvant as wel l as 100 gg i nt r avenousl y .

Si mi l ar boost i ng was r epeat ed at 3- wk i nt er val s . 10 d af t er each i mmuni zat i on,

t he r abbi t s wer e bl ed and ser a wer e obt ai ned f or char act er i zat i on .

Char act er i zat i on of t he Ant i ser um

The ser umobt ai ned was char act er i zed by doubl e i mmunodi f f usi on on Ouch-

t er l ony pl at es ( Hyl and Di agnost i cs Di v . , Tr avenol Labor at or i es, I nc . , Cost a Mesa,

Cal i f . ) . Si nce t he enzyme pr ot ei n had been sol ubi l i zed i n Tr i t on X- 100, we f i r st

est abl i shed t hat Tr i t on X- 100 i t sel f was not ant i geni c and t hat i t di d not i nt er f er e

wi t h ant i gen- ant i body i nt er act i ons . Thi s was done by admi ni st er i ng Tr i t on X-

100 i n Fr eund' s adj uvant t o r abbi t s ; no ant i bodi es t o Tr i t on X- 100 wer e det ect ed

by t he doubl e- di f f usi on met hod . Thei nt er act i on of bovi ne ser umal bumi n ( BSA)

wi t h ant i bodi es agai nst BSAwas al so st udi ed i n t he pr esence of Tr i t on X- 100 . At

a number of di f f er ent concent r at i ons of Tr i t on X- 100, t her e was no i nt er f er ence

wi t h ant i gen- ant i body i nt er act i ons .

The ant i ser a wer e f ur t her char act er i zed by st udyi ng t hei r abi l i t y t o i nhi bi t t he

act i vi t y of CST. The Tr i t on X- 100- sol ubi l i zed enzyme pr ot ei n was i ncubat ed

wi t h a ser i es of i ncr easi ng amount s of ant i ser um i n 0. 9% NaCl such t hat t he

concent r at i on of Tr i t on X- 100 i n t he mi xt ur e was kept const ant ( Tr i t on X- 100 t o

pr ot ei n r at i o, 5 : 1) . The enzyme pr ot ei n and t he ant i ser a wer e i ncubat ed f or 24 h

at 4° C, af t er whi ch t he mi xt ur es wer e cent r i f uged and t he super nat ant f r act i on

was assayed f or CST act i vi t y . The pr eci pi t at e was al so ext r act ed wi t h Tr i t on X-

100 and assayed f or enzyme act i vi t y . The pr eci pi t at e was washed t wi ce wi t h

buf f er cont ai ni ng no det er gent and t hen r esuspended i n 1 . 0 ml of 0 . 25 Macet i c

aci d f ol l owed by r eadi ng t he opt i cal densi t y at 280 nm.

Enzyme Assay

I ncubat i on mi xt ur es cont ai ned 100 mM2[ N- mor phol i no] et hane sul f oni c aci d
buf f er ( pH 6. 2) , 20 mMMgC12, 4 mMdi t hi ot hr ei t ol , 2 . 5 mMATP, - 6 x 105

dpmof [ " S] PAPS ( 1 . 0- 2 . 8 mCi / mmol ) , 40 pl of enzyme pr epar at i on ( cont ai ni ng

100- 150 t t g of pr ot ei n) , and 8 Wl of a cer ebr osi de suspensi on ( 80 JI M) i n a f i nal

vol ume of 100 Al . The mi xt ur es wer e i ncubat ed i n si l i coni zed t est t ubes, 70 x 7

mm, at 37° C f or 60 mi n . The r eact i ons wer e st opped by addi ng 10 vol of

chl or of or m: met hanol , I : 1 ( vol / vol ) , and t he mi xt ur es wer e al l owed t o st and

over ni ght at 4° C. The l i pi d ext r act was t r eat ed as descr i bed by Fol ch et al . ( 9) ,

and t he r adi oact i vi t y of sampl es was det er mi ned as pr evi ousl y descr i bed ( 44) by

st andar d t echni ques .

Pr ot ei n Det er mi nat i ons

Pr ot ei n was assayed by t he met hod of Lowr y et al . ( 27) , wi t h BSA as st andar d.

' G. Tennekoon and S. Ai t chi son . Submi t t ed f or publ i cat i on .

TABLE I

Pur i f i cat i on of CST f r om Rat Ki dney

Ki dney CST

Speci f i c

St eps

	

Tot al pr ot ei n

	

act i vi t y

mg dpm/ mi n/ mg

The pur i f i ed pr ot ei n i s ext r emel y st abl e at - 70° C. Gal act ocer ebr osi de and
l act osyl cer ami de ar e equal l y good subst r at es f or t hi s enzyme .

FI GURE 1

	

I soel ect r i c f ocusi ng of t he pur i f i ed ki dney CST. The i nset

i s an SDS pol yacr yl ami de gel ( 10%) whi ch was over l oaded wi t h

pr ot ei n t o demonst r at e t he homogenei t y of t he pr ot ei n .

l mmunocyt ochemi cal St udi es

At 2, 5, 10, and 40 d post nat al , f emal e Spr ague- Dawl ey r at s wer e anest het i zed

wi t h chl or al hydr at e and per f used vi a t he ascendi ng aor t a wi t h col d 1%gl ut ar -

al dehyde and 0. 1%par af or mal dehyde i n 0 . 1 Mphosphat e- buf f er ed sal i ne ( PBS)
( pH 7 . 3) . Af t er a 15- mi n f i xat i on i n si t u, t he ki dneys wer e r emoved, bi sect ed, and

i mmer sed i n f i xat i ve ( 4° C) f or I h. The t i ssues wer e washed t hr ee t i mes i n PBS
over a 2- h i nt er val at 4° C, and st or ed i n PBS wi t h 20%sucr ose over ni ght ( 4° C)

f or cr yost at sect i oni ng and i n PBS wi t hout sucr ose f or el ect r on mi cr oscopy
st udi es. I mmunocyt ochemi cal st udi es wer e car r i ed out by t he met hod of St er n-

ber ger et al . ( 41) .

For l i ght mi cr oscopy, f r ozen sect i ons ( 6- 8 t Lm) of ki dney wer e cut on a
cr yost at , pl aced on al bumi ni zed sl i des, al l owed t o dr y moment ar i l y t o ensur e

adhesi on, and i mmer sed i n col d PBS unt i l al l sect i oni ng was compl et ed . The

sect i ons wer e t hen washed i n 0. 5 MTr i s buf f er ( pH7. 6) at 4° C f or 30 mi n and
t hen t r ansf er r ed t o a moi st ur e chamber . Addi t i onal sect i ons wer e cut on ei t her a

Sor val l t i ssue chopper ( 100 Wm) ( DuPont I nst r ument s- Sor val l , DuPont Co . ,

Newt own, Conn . ) or a Vi br at ome ( Oxf or d Labor at or y- Sear l es Co . , Fost er Ci t y,

Cal i f. ) ( 10- 40 pm) ; t hese sect i ons wer e not pl aced on sl i des but wer e i ncubat ed

i n t he f r ee st at e i n smal l pet r i di shes at 25° C wi t h agi t at i on. The sect i ons ( bot h

f r ee and f i xed t o sl i des) wer e i ncubat ed i n 0. 25% Tr i t on X- 100 i n 0. 5 MTr i s

buf f er f or 30 mi n, br i ef l y washed i n buf f er al one, and t hen i ncubat ed i n 3%

nor mal goat ser um i n 0 . 5 MTr i s buf f er f or 30 mi n. Af t er a br i ef wash i n 0 . 5 M

Tr i s buf f er and 1% nor mal goat ser um, t he sect i ons wer e i ncubat ed f or 2 h i n

r abbi t ant i - sul f ot r ansf er ase ant i body, 1 : 100 di l ut i on, wi t h 0 . 5 MTr i s buf f er and

1% nor mal goat ser um, f ol l owed by a wash i n buf f er and goat ser um al one .
Pr ei mmune r abbi t ser um was used as a cont r ol . To l ocal i ze t he ant i gen, t wo
t echni ques wer e used. For t he t wo- l ayer t echni que, t he sect i ons wer e i ncubat ed

f or 2 h wi t h goat ant i - r abbi t ant i body conj ugat ed t o per oxi dase ( Mi l es Labor a-
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Homogenat e 11, 700 90

Tr i t on ext r act i on of mi cr osomes 171 4, 600

Ammoni umsul f at e f r act i onat i on 57 13, 300

DEAE- cel l ul ose 11 . 4 51, 570

Sucr ose gr adi ent cent r i f ugat i on 1 . 2 154, 700

Sephar ose 4B 0. 096 189, 000



t or i es, Mi l es Resear ch Pr oduct s, El khar t , I nd. ) , 1 : 100 di l ut i on, i n Tr i s buf f er

cont ai ni ng 0. 5%Tr i t on X- 100. I n t he t hr ee- l ayer t echni que ( 29, 41) , sect i ons wer e

exposed t o goat ant i - r abbi t I gG, 1 : 50 di l ut i on, i n 0 . 5 MTr i s buf f er and 1%

nor mal goat ser umf or 2 h; af t er washi ng, t i ssues wer e i ncubat ed f or 2 h i n r abbi t

per oxi dase ant i per oxi dase ( N. L . Cappel Labor at or i es I nc. , Cochr anvi l l e, Pa . ) , 1 :

100 di l ut i on, i n 0 . 5 MTr i s buf f er and 1% nor mal goat ser um. The f r ee sect i ons,

but not t hose at t ached t o sl i des, r equi r ed addi t i onal post f i xat i on i n 1%gl ut ar al -

dehyde i n 0 . 1 MPBS f or 30 mi n at 4° C. Bot h sl i des and sect i ons wer e t hen

i ncubat ed i n a f r esh sol ut i on of di ami nobenzi di ne ( 0 . 5 mg/ ml ) and 0. 01%

hydr ogen per oxi de i n 0. 05 MTr i s buf f er ( pH 7. 6) f or 10 mi n . Ti ssue sect i ons

obt ai ned wi t h t he Sor val l chopper or Vi br at ome wer e osmi cat ed ( 1% osmi um

t et r oxi de buf f er ed f or 1 h) , dehydr at ed, and embedded i n Ar al di t e. Cr yost at

sect i ons wer e obser ved wi t hout any count er st ai ni ng, wher eas t he 1 y pl ast i c

sect i ons wer e st ai ned l i ght l y wi t h t ol ui di ne bl ue . Ti ssue sect i ons wer e exami ned

i n a Zei ss phot omi cr oscope; t he pl ast i c- embedded r egi ons showi ng i mmunocy-

t ochemi cal st ai ni ng wer e t hen t hi n sect i oned and col l ect ed on copper gr i ds .

Unst ai ned and l i ght l y st ai ned ( ur anyl acet at e and l ead ci t r at e) sect i ons wer e

phot ogr aphed wi t h an AEI 801 el ect r on mi cr oscope .

RESULTS

Act i vi t y of Gal act ocer ebr osi de Sul f ot r ansf er ase

i n Rat Ki dney dur i ng Devel opment

The act i vi t y of CST was exami ned i n r at ki dneys obt ai ned

f r om 18- d- ol d embr yos up t o 65 d af t er bi r t h . For embr yos and

ani mal s up t o 4 d post nat al , ki dney t i ssue f r om about 10

ani mal s was r equi r ed, whi l e suf f i ci ent t i ssue coul d be obt ai ned

f r om ki dneys of t wo ani mal s ol der t han 4 d . At each age, t he

pool ed t i ssue was homogeni zed i n t he pr esence of Tr i t on X-

100, cent r i f uged at 12, 000 g f or 20 mi n, and t he super nat ant

f r act i on was assayed f or CST as descr i bed i n Mat er i al s and

Met hods . The pr of i l e i n Fi g . 2 shows t hat l ow act i vi t y was

det ect ed even i n 18- d embr yos and t hat act i vi t y r api dl y i n-

cr eased unt i l - 20 d af t er bi r t h . Af t er t hi s per i od, t her e was a

gr adual i ncr ease i n speci f i c act i vi t y unt i l 40 d, when act i vi t y

r emai ned const ant . Tot al act i vi t y cont i nued i t s r i se unt i l 65

days af t er bi r t h .

Pr epar at i on and Char act er i zat i on of Ant i ser um

CST ( - 64- 000 mol wt ) was pur i f i ed t o homogenei t y f r om

r at ki dney, as descr i bed i n Mat er i al s and Met hods . Ant i body

t o t he pur i f i ed sul f ot r ansf er ase was obt ai ned f r om r abbi t s by

convent i onal t echni ques as descr i bed i n Mat er i al s and Met h-
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FI GURE 2

	

Speci f i c act i vi t y of CST i n t he devel opi ng r at ki dney . Each

assay was per f or med i n dupl i cat e and t he pr of i l e was r epeat ed f our

t i mes . The val ues ar e t he aver ages f r om t he f our pr of i l es .
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FI GURE 3 I nhi bi t i on of ki dney CST act i vi t y by ant i body r ai sed

agai nst t he pr ot ei n . The pr eci pi t at e was quant i f i ed by r esuspendi ng

t he pr eci pi t at e i n 0 . 25 Macet i c aci d and t hen r eadi ng t he opt i cal

densi t y at 280 nm. The i nset shows a doubl e di f f usi on pl at e . The

cent er wel l cont ai ns pur i f i ed r at ki dney CST. ( a) pr ei mmune ser um;

( b) ant i - CST absor bed wi t h pur i f i ed enzyme ; ( c) ant i - CST ( af t er t he

t hi r d i mmuni zat i on) ; ( d) ant i - CST absor bed agai nst gal act osyl cer -

ami de ; ( e) ant i - CST absor bed agai nst pur i f i ed myel i n ; and ( f ) ant i -

CST ( I gG f r act i on af t er t he si xt h i mmuni zat i on) .

ods . Si nce Tr i t on X- 100 i s essent i al f or t he pr epar at i on of t he

enzyme, we f i r st ensur ed t hat t hi s det er gent was not ant i geni c

per se and t hat i t di d not i nt er f er e wi t h t he f or mat i on of

i mmune compl exes i n t hi s syst em. As shown i n Fi g . 3, wi t h t he

use of t he doubl e i mmunodi f f usi on t echni que, bot h cr ude

ser um and t he I gG f r act i on f r om t r eat ed r abbi t s gave vi si bl e

pr eci pi t i n l i nes agai nst bot h cr ude and pur i f i ed ki dney enzyme

pr ot ei n . However , when t he ant i ser umwas t est ed agai nst Tr i t on

X- 100 ext r act s of CST f r om r at br ai n, onl y a weak cr oss-

r eact i on was obser ved on i mmunodi f f usi on pl at es ( dat a not

shown) .

Ant i ser um t o ki dney CST was t est ed af t er absor pt i on wi t h

a ser i es of l i pi ds, f r act i ons of myel i n, and a homogenat e of

l i ver . None of t he l i pi ds t est ed, i ncl udi ng gal act ocer ebr osi de,

sul f at i de, di gal act osyl cer ami de, phosphat i dyl chol i ne ( whi ch i s

t hought t o be associ at ed wi t h CST i n t he nat i ve st at e) , and

GM, gangl i osi de showed any absor pt i on, as evi denced by t he

pr esence of pr eci pi t i n l i nes when t he absor bed ant i ser a wer e

t est ed agai nst t he pur i f i ed enzyme pr ot ei n on i mmunodi f f usi on

pl at es ( Fi g . 3) . Si nce myel i n cont ai ns a var i et y of gl ycol i pi ds,

we t est ed t he ant i ser um agai nst pur i f i ed myel i n and " heavy"

and " l i ght " f r act i ons . Myel i n was pur i f i ed accor di ng t o t he

st andar d pr ocedur e ( 30) . None of t hese adsor bed t he ant i ser um.

Mor eover , none of t he myel i n f r act i ons cont ai ned CST act i vi t y .

Li ver homogenat es, whi ch do not cont ai n CST, di d not absor b,

but , as expect ed, ki dney homogenat es ef f ect i vel y absor bed t he

ant i ser um, and no pr eci pi t i n l i nes coul d be det ect ed on t he

i mmunodi f f usi on pl at es .

The ant i ser um obt ai ned agai nst ki dney CST was t est ed f or

i t s abi l i t y t o i nact i vat e CST i n Tr i t on X- 100 ext r act s of adul t

r at ki dneys or Tr i t on X- 100 ext r act s of cal ci um- pr eci pi t at ed

mi cr osomes f r om ki dney . Si nce such cr ude enzyme ext r act s

wer e unst abl e even at 4° C and l ost up t o 20%of t hei r act i vi t y

i n 24 h, we i ncubat ed t hese ext r act s wi t h pr ei mmune ser um

obt ai ned f r omr abbi t s or wi t h ant i ser umt o BSAand used t hese

val ues as cont r ol s . Thus, any l oss i n act i vi t y t hat occur r ed i n



t he pr esence of ant i ser um t o CST coul d be at t r i but ed t o

i nhi bi t i on by t he ant i body r at her t han l oss of act i vi t y upon

st or age. Ant i ser a f r om r abbi t s, obt ai ned at di f f er ent t i mes af t er

CST ant i body pr oduct i on had been i ni t i at ed, wer e t est ed f or

t hei r abi l i t y t o i nhi bi t CST act i vi t y . No i nhi bi t i on was obser ved

by ant i ser a obt ai ned i n ear l y st ages af t er t he i ni t i at i on of
ant i body pr oduct i on ( one or t wo i nj ect i ons of CST) , al t hough

weak pr eci pi t i n l i nes wer e seen at t hi s t i me . However , as soon

as st r ong pr eci pi t i n l i nes wer e det ect ed on i mmunodi f f usi on

pl at es, i nhi bi t i on ( 60- 95%) of CST act i vi t y was f ound ( Fi g . 3) .

I mmunocyt ochemi cal Local i zat i on of CST i n

t he Ki dney

I n t he ki dney, CST was l ocal i zed by i ncubat i ng ki dney

sect i ons f r om40- d- ol d ( adul t ) r at s wi t h ant i ki dney CST ant i -

body and vi sual i zi ng t he ant i gen by t he i mmunoper oxi dase
t echni que. Li ght mi cr oscopi c exami nat i on of t hese sect i ons
showed dar k r eact i on pr oduct pr edomi nant l y over t he br ush
bor der and al so some st ai ni ng over t he cyt opl asm of t he
epi t hel i al cel l s of t he pr oxi mal convol ut ed t ubul es ( Fi gs . 4 A- D

FI GURE 4

	

I mmunocyt ochemi cal st udi es of CST i n adul t , 40- d- ol d r at ki dney by t he t hr ee- l ayer t echni que . A, a gl omer ul us ( G)
occupi es t he cent er of t he f i el d and i s sur r ounded by Bowman' s space ( * ) . The pr oxi mal convol ut ed t ubul e ( PCT) ar i ses at t he
ur i nar y pol e of Bowman' s space . Not e t he dar k st ai ni ng of t he br ush bor der of t he epi t hel i al cel l s l i ni ng t he PCTs whi ch ar e cut i n
l ongi t udi nal and cr oss sect i ons . The cel l s of t he gl omer ul us and di st al t ubul e ( DT) ar e not st ai ned by i mmunoper oxi dase . x 720.
B, el ect r on mi cr ogr aph showi ng por t i on of cel l s l i ni ng t he PCT . Not e t he dar k r eact i on pr oduct st ai ni ng mi cr ovi l l i of t he br ush
bor der . The epi t hel i um of t he di st al t ubul e di d not show r eact i on pr oduct , maki ng i t unl i kel y t hat t he pat t er n of st ai ni ng was due
t o ent r apment of hor ser adi sh per oxi dase . ( Li ght l y st ai ned wi t h ur anyl acet at e and l ead ci t r at e . ) x 4, 600 . C, el ect r on mi cr ogr aph of
mi cr ovi l l i of t he br ush bor der showi ng r eact i on pr oduct i ndi cat i ng t he l ocat i on of CST . ( Unst ai ned . ) x 23, 000 . D, el ect r on
mi cr ogr aph of mi cr ovi l l i as shown i n Fi g . 4 C, but pr epar ed wi t h pr ei mmune goat ser a i nst ead of ant i - CST ant i body . ( Unst ai ned . )
x 20, 000 . Bar s, 1 Bm.
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and 5 G) . The el ement s of t he gl omer ul us, t he j uxt agl omer ul ar

appar at us, t he l oop of Henl e, and t he di st al t ubul e di d not

st ai n . Mor e det ai l ed st udi es by hi gh r esol ut i on i mmunocyt o-

chemi st r y showed r eact i on pr oduct st ai ni ng t he mi cr ovi l l i of

t he br ush bor der and, t o a l esser degr ee, smal l api cal vesi cl es

of t he epi t hel i al cel l s. The nucl eus, cyt opl asm, mi t ochondr i a,

endopl asmi c r et i cul um, and dense bodi es of t hese cel l s di d not

st ai n . I n t he mi cr ovi l l i t he st ai ni ng i nt ensi t y was gr eat er over
t he api cal por t i ons t han i n t he cr ypt s of t hese vi l l i .

Our second appr oach was t o anal yze t he l ocal i zat i on of CST

FI GURE 5

	

I mmunocyt ochemi cal st udi es of t he di st r i but i on of CST i n devel opi ng r at ki dney by t he t wo- l ayer t echni que. A and B,

5 d post nat al , x 400 . Cand D, 8 d post nat al , x 400. E and F, 20 d post nat al , x 400 . G, 40 d post nat al , x 200 . Not e t he dar kl y st ai ned

br ush bor der of epi t hel i al cel l s of t he pr oxi mal convol ut ed t ubul es and t he unst ai ned gl omer ul i ( G) and di st al convol ut ed t ubul es

( * ) . A, C E, and Gshow r eact i on pr oduct over t he br ush bor der of PCT. B, D, and F wer e pr epar ed wi t h nor mal goat ser a and show

no r eact i on pr oduct i n ki dney t i ssue, but per oxi dase act i vi t y i s pr esent i n r ed bl ood cel l s . I n G, r eact i on pr oduct i s abundant on t he

br ush bor der of cel l s l i ni ng t he PCT, but no r eact i on pr oduct over t he gl omer ul i ( G) or cel l s l i ni ng t he di st al convol ut ed t ubul es

( * ) . Bar , 1 t am.
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i n t he devel opi ng ani mal and t o cor r el at e t he appear ance of

t he ant i gen wi t h bi ochemi cal st udi es of enzymat i c act i vi t y . At

2 d ( Fi g. 6A and B) , t he br ush bor der was not wel l f or med,
cor r espondi ng t o St age 111 ( 25) , and t her e was consi der abl e

var i at i on i n t he number , l engt h, and di st r i but i on of mi cr ovi l l i .

React i on pr oduct was associ at ed wi t h t hese mi cr ovi l l i , par t i c-
ul ar l y over membr anes of t he api cal sur f ace of t hese st r uct ur es .
At 5 d ( Fi gs . 5A- B and 6C) t he br ush bor der was t al l er and

showed i mmunocyt ochemi cal st ai ni ng . The st ai n was conf i ned

t o t he mi cr ovi l l i and api cal vesi cl es of t he epi t hel i al cel l s of t he

pr oxi mal convol ut ed t ubul e . Ther e was no st ai ni ng of ci st er nae

of t he Gol gi appar at us or ot her or ganel l es i n pr oxi mal t ubul e

cel l s . By 8- 20 d ( Fi gs . 5 C- F and 6 D) , t he cel l s of t he pr oxi mal

t ubul e showed a mor e uni f or m br ush bor der ( - 1 . 6 Ear n i n
l engt h) , and t he mi cr ovi l l i wer e el ongat ed and t hi nner . These
st r uct ur es wer e t he onl y el ement s st ai ned by t he i mmuno-

per oxi dase met hod. By 40 d, t he cel l s l i ni ng t he l umen of t he

t ubul es wer e f l at t ened sl i ght l y so t hat bot h t he di amet er of t he

l umen and of t he whol e t ubul e wer e i ncr eased . The br ush

bor der r emai ned about t he same si ze, account i ng f or 25% of

t he hei ght of t he cel l . The pat t er n of i mmunocyt ocher ni cal

st ai ni ng r emai ned t he same, al t hough t he amount of st ai ned
mat er i al i ncr eased dur i ng t he per i od bet ween 8 and 40 d .

DI SCUSSI ON

Sul f at ed gl ycol i pi ds ar e enr i ched i n cer t ai n membr anes . I n
mammal i an syst ems t hei r r ol e r emai ns unr esol ved ( 4, 5) , al -
t hough i n pl ant s and hal ophi l i c bact er i a sul f ol i pi ds ar e r el at ed
t o cat i on t r anspor t ( 20) . I t has been hypot hesi zed t hat , i n
mammal s, sul f at i de bi nds pot assi um i ons f r omt he ext r acel l ul ar

space and t r ansf er s t hemt o t he smal l er mol ecul ar gl ycopr ot ei n

FI GURE 6

	

Ul t r ast r uct ur al i mmunocyt ochemi cal st udi es of CST i n t he epi t hel i al cel l s of t he pr oxi mal convol ut ed t ubul e of t he
ki dney by t he t hr ee- l ayer t echni que . Cel l pr epar at i ons wer e l i ght l y st ai ned wi t h ur anyl acet at e and l ead ci t r at e . A, 2 d post nat al .
React i on pr oduct i s conf i ned t o t he smal l i r r egul ar mi cr ovi l l i l i ni ng t he PCT . x 7, 100 . 8, 2 d post nat al . Thi s sect i on was pr epar ed
wi t h pr ei mmune ser a . The mi cr ovi l l i show no r eact i on pr oduct . x 7, 100 . C S d post nat al . The mi cr ovi l l i show r eact i on pr oduct on
t hei r sur f ace. Mi t ochondr i a ar e not st ai ned . x 18, 400. D, 10 d post nat al . The mi cr ovi l l i ar e t al l er , of mor e consi st ent hei ght , and ar e
uni f or ml y st ai ned . Not e pl ane of sect i on passes t hr ough t he base of sever al mi cr ovi l l i ; t hi s account s f or st ai ni ng i n t hese r egi ons.
x 16, 300. Bar , 1 y. m.
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subuni t of Na' / K' ( 20) . These concl usi ons wer e r eached f r om

cor r el at i ng composi t i onal st udi es wi t h t he act i vi t y of Na' / K'
ATPase . For exampl e, i n br ush bor der cel l s, wher e Na' / K'

ATPase i s act i ve, 46%of t he dr y wei ght i s l i pi d ( 38) , and of t he

t ot al l i pi ds, 50%i s gl ycol i pi d ( 10- 12) . Anal ysi s showed t hat t he

maj or gl ycol i pi ds i n t he mi cr ovi l l i wer e cer ebr osi de, cer ami de

di - and t r i hexosi des, sul f at i de, and sever al gangl i osi des . How-
ever , when Na' / K' ATPase was pur i f i ed, at t empt s t o r eact i -
vat e t he enzyme wi t h sul f at i de pr oduced onl y par t i al act i vat i on .
Thus, t he r ol e of sul f at i de i n t he f unct i oni ng of Na' / K'
ATPase i s at best uncer t ai n. Ther ef or e, we have di r ect ed our

at t ent i on t o CST, whi ch cat al yzes t he l ast st ep i n t he synt hesi s

of sul f at i de . Our i mmunocyt ochemi cal st udi es showed t hat
CST i s conf i ned t o a speci f i c cel l t ype i n t he ki dney, t he
pr oxi mal convol ut ed t ubul e . I n t he t ubul e, CST has a di st i nct
subcel l ul ar di st r i but i on i n t he mi cr ovi l l i of t he br ush bor der .
Si nce CST i s bot h enr i ched i n ki dney and i s membr ane- bound,

i t i s per haps not sur pr i si ng t hat t he r eact i on pr oduct i s associ -

at ed wi t h t he membr anes of mi cr ovi l l i . The i mmunocyt ochem-
i cal st ai ni ng appear ed t o be hi ghl y l ocal i zed t o mi cr ovi l l i of
t he pr oxi mal convol ut ed t ubul e, and r eact i on pr oduct was not
seen i n associ at i on wi t h t he bul bous mi cr ovi l l i of t he cel l s
compr i si ng t he di st al t ubul e . Mor eover , t he i ncr ease i n st ai ni ng
i nt ensi t y i n t he pr oxi mal t ubul e dur i ng devel opment cor r el at es

wi t h t he i ncr ease i n CST act i vi t y . We wer e unabl e t o cor r el at e
t he i ni t i al appear ance of enzyme act i vi t y wi t h t he synt hesi s of
t he enzyme pr ot ei n i n t he ki dney, as even 18- d- ol d embr yos
had cat al yt i c act i vi t y . Pr el i mi nar y st udi es on t he br ai n show

t hat t he appear ance of i mmunocyt ochemi cal r eact i on pr oduct

cor r el at ed wi t h det ect i on of cat al yt i c act i vi t y .

The epi t hel i al cel l s of t he pr oxi mal convol ut ed t ubul e i n t he
ki dney ar e concer ned wi t h uni di r ect i onal t r anspor t of sol ut es
and f l ui ds f r om t he t ubul e l umen t o t he bl oodst r eam ( 24, 38) .

The si ngl e l ayer of epi t hel i al cel l s l i ni ng t he pr oxi mal convo-

l ut ed t ubul es have a br ush bor der made up of l ar ge number s

of mi cr ovi l l i on t hei r api cal sur f ace, and i t i s at t hi s si t e t hat

t r anspor t pr ocesses ar e i ni t i at ed . Ther e ar e ul t r ast r uct ur al st ud-

i es on t he devel opment of t he pr oxi mal t ubul e ( 22- 25) , but no

i nf or mat i on r egar di ng t hei r sul f ol i pi d composi t i on dur i ng mat -

ur at i on. We bel i eve t hat t he enzyme appear s wi t h t he di f f er -

ent i at i on and mat ur at i on of t he br ush bor der cel l s and t hat t he

hi gh l evel of act i vi t y i n mat ur e cel l s i s associ at ed wi t h act i ve

t ur nover of sul f at i des i n t hi s t i ssue. Thus i n t he ki dney, t he

l ocal i zat i on of CST i n t he l umi nal sur f ace of pr oxi mal t ubul es

woul d ar gue agai nst a r ol e f or sul f at i de i n Na' / K' ATPase, as

t he l at t er enzyme i s l ocat ed on t he ant i l umi nal sur f ace of t he

cel l s . However , t he l ocal i zat i on t o t he l umi nal bor der does

suggest t hat sul f at i de has a speci f i c r ol e, such as i n t r anspor t of

i ons or ot her mol ecul es or possi bl y i n mai nt ai ni ng t he conf or -

mat i on and i nt egr i t y of t he membr ane or t he mi cr ovi l l i as has

been suggest ed f or t he mai nt enance of myel i n i n t he CNS.

The aut hor s t hank Dr . G. M. McKhann f or t he ver y usef ul di scussi ons
dur i ng t he cour se of t hi s st udy . We al so t hank Dr . Pamel a Tal al ay f or

assi st ance i n pr epar i ng t he manuscr i pt and Ms . J . Saf chuck f or her
exper t hel p i n t ypi ng t he manuscr i pt .

Thi s wor k was suppor t ed by t he Nat i onal I nst i t ut es of Heal t h gr ant s
NS 14760, NS 10920, NS 15721, and NS 10580.
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