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AGolgi-rich fractionthatamtains bothuridine diphosphogalactose: 
N-aoetylgluaxamine gala&xyltransferase activity and 3'-phosphoademsine- 
5'-phosphosulfate:cerebroside sulfotransferaseactivityhas been isolated 
fmn rat kidney. Bothactivities are increased about BO-fold in theGolgi 
fractioncmparedto thehamgena+x. Littleor m galactmyltransferaseor 
sulfotransferase activity was found in purified nuclei, rnitochondria, rough 
endoplasmic reticulum, plasma mstbranes and superna~t. The results ix&- 
cate thatbothgalactosyltransferase andsulfotransferase are localized in 
Golgiapparatus fmnratkidney. This is the first evidence that Golgiap- 
paratus functions tomdify a lipid coqmnentof thecell. 

Cerebroside-sulfotransferaseis the enzymresponsible for the transfer 

Of sulfate from 3'-phosphoadeK&le-5'-paaOsphosulfate (PAPS) to cerebmside 

to formsulfatide. This activity has been shmn tobepresentinmicroscmes 

prepared frcan rat (~Rhaun et al., 1965) and rmx.e (Sarlieve et al., 1971) 

kidneys and in smoth microsares fmn rat brain (Farrell and MzKhann, 1971). 

Sincemiu-osxmes representaheterogeneouscollectionofmssbranesderived 

fromthe endoplasmic reticulum, Colgiapparatus andplasmarmbraues of the 

cell, the exact cellular localization of cerebmside-sulfotransferase re- 

xtkns tobe defined. This sttiy is concerned with the subcellular localiza- 

ticnofthisenzyrre inkidney. In addition to purified nuclei, miWchondria, 

plasmmenbranes and mooth androughmicxoscmrr?s,wehaveisolatedand char- 

acterized for the first time a Golgi-rich fraction frmn rat kidney. The 

cerebros~~sulfotransferaseactivityof these fractionshasbaendetex- 

mined. In addition, the distribution of uridine diphosphogalactose:N-acetyl- 

glucosamine, galactosyltransferase ,anensyrfewhichhasbeenshowntobea 
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marker enzyme for Colgi apparatus in bovine (Fleischer et al., 1969) and rat 

(mrre et al., 1969); Fleischer and Fleischer, 1970) liver, was determined. 

The results indicate that both sulfotransferase and galactosyltransferase are 

localized in Golgi apparatus from rat kidney. 

Male Holtznan rats, 200-250 gms, fed ad libitum were used throughout. -- 

The kidneys were fractionated into purified nuclei, mitochondria, rough and 

smooth micros-s and plasma membranes as described previously for rat liver 

(Fleischer and Fleischer, 1970). Golgi-rich fractions wzre prepared frcm 

kidney homogenates by a one-step zonal procedure slightly modified after 

that described previously for rat liver (Fleischer and Fleischer, 1970, and 

Van Golde et al., 1971). 

Protein was determined by the Lu+q procedure (Lowry et al., 1951) using 

crystallinebovine senznalbumin as a standard. m*-stimulat&ATPase, ro- 

&none-insensitive NASH-cytochrcane creductaseand succinate-cytochram c - 

reductase activities were carried out as previously described (Van Golde et. - 

a&, 1971). Glucose-6-phosphatase was determined according to Swanson, 

1955, except that incubations were made for five and ten minutes, and the 

phosphate released measured by the metid of Chen et al., 1956. -- Galactosyl- 

transferase was determined as described previously (Fleischer and Fleischer, 

1970). Acid phosphatase was measured by the method of DeDuve et al., 1955, -- 

except that inorganic phosphate was measured by the method of Chen et al., -- 

1956. 

Cerebroside-sulfotransferase was measured essentially by the procedure 

of Farrell and &%%hann, 1971, modified so that snail arrpunts of enzyme 

(about100 ug protein) could be used. CarrierPAPSwas prepared fromATP and 

Na2SC4 by the method of Ho&on and Schiff, 1969, using extracts of Chlorella 

pyrenoidosa as a source of sulfate-activating enzyme. 35S-PAPS (approximate- 

ly 1 C/mole) was purchased from New ~gland Nuclear Corporation and diluted 

with carrier to a specific activity of approximately 1 mc/mrole. Mixed bo- 
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Vine cerebrosides (Supelco Inc., Pellefonte, Penn.) were added to the assay as 

sulfate acceptor. In scme experiments, psychosine or gluoocerebrosides (Su- 

pelco) were used instead. Lipid acceptors were first suspended at 10 q/ml 

in water containing 1% (w/v) Triton X-100 using a mall Potter-Elvejhem ho- 

mgenizer. For electron microscopy, fractions were fixed as obtained frcm 

the zonal rotor by mixing with an equal volume of 5% glutaraldehyde in 0.1 M 

caccxdylate pH 7.4. After standing overnight in the refrigerator, the sample 

was centrifuged at 10,000 rpan for 5 - 10 min and the supeznatantdiscarded. 

The pellet was washed with 0.25 M sucrose containing 0.1 M caaxlylate pH 7.4 

several tines by decant&ion in the cold, treated with 1% osmium tetroxide, 

dehydrated, enbedded, and sectioned as described previously (Fleischer and 

Fleischer, 1970). 

RESULTS 

A Colgi-rich fraction from rat kidney, has been isolated usiug proced- 

ures developed for the isolation of Colgi-rich fractions from rat liver 

(Fleischer and Fleischer, 1970). The fraction is rich in rmphologically 

identifiable Golgi apparatus (Fig. 1). About 70% of the material consists 

Of stacked cistemae with attached tubules, a structure which is typical of 

Golgiapparatus. Themajor amtminantappears tobelarge smoth-surfaced 

rtmbranes probably derived frcnn plasma membranes. The fraction is enzymati- 

tally unique cm-pared with other purified cell fractions (Table 1). The 

Golgi-rich fraction fmn kidney is enriched with cerebroside sulfotransferase 

andwithgalactosyltransferase activities to about the sane extent as compared 

to thehmogenate. These activities appear to be localized in the Golgi ap- 

paratus, since, of the other fractions, only smooth micmsomss shm a signifi- 

cant level of both of these activities. The activity found in smoth micro- 

smes probably reflects the presence of Golgi-derived membranes in this frac- 

tionequivalentto about8% of the protein. W Golgi fraction frm rat kid- 

ney can be distinguished frm endoplasmic reticulum by its 1~ level of glu- 
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Fig. 1. Electron micrograph of a Golgi-rich fraction from rat kidney. An 
average of about 70% mxphologically identifiable Golgi apparatus (G) was 
observed in a nmker of fields. Themincontaminantappears tibeplasma 
mesnbranes (PM). Optical magnification x 12,500. The bar equals 1 I.I. 

axe-6-@qhdase ad from plasm manbrane by its low level of ATP'ase. Is- 

olated rat liver Colgi apparatus, although very active in galactosyltransfer- 

ase activity, (374 mles/hr/nq protein), sk0xd no detectable sulfotransfer- 

ase activity. 

!&e sulfotmnsferase of the Golgi fraction appears to be specific for 

galactosyl ceramides as ccaopared to gluaxylceramide (Table II). Psychosine 

(galactisyl sphingosine) can also sexve as an arxeptir of sulfate fran 3'- 

phosphoademsine-5'-phosphosulfate. 
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Table II 

Substrate Specificity of the Sulfotransferase of 

Rat Kidney Golgi 

Substrateadded Specific Activity 

none 0.3 

galactosyl cerebmsides 15.7 

glucosyl cerebmside 0.0 

psychosine 4.7 

Specific activity is expressed as nmles sulfate 
transferred to lipid fraction per hour par q 
pJI-OthL 

DISCXJSSION 

Gala&my1 ceramide (cerebroside) is generally considered to be the in - 

viva precurso r of sulfated galactosyl ceramide (sulfatide) (M%hann and Ho, 

1965; Stoffyn, Stiffyn and Hauser, 1971) although the in vitro sulfation of -- 

psychosine (galactosylsphimgosine) has alsobeendemonstrated (Cmmr etal., 

1968; Nussbaum and Nandel, 1972). Cerebroside-sulfotransferase fmn rat 

brain can utilize both substrates, in vitro (Farrell and PMhann, 1971). -- 

This appears to be also true of the enzyme in rat kidney Golgi. Gluaxyl 

cerebrosides, hcmaver, do not act as acceptors for the sulfotransferase fran 

either source. 

Evidence thatcerebroside-sulfotransferaseis the enzyme responsible for 

the biosynthesis of sulfatide rests on the close correlation of the level of 

this enzyme in a tissuewiththelevelof sulfatide found in that tissue. 

Thus, indevelopingratbrain, the appearanceof cerebroside-sulfotransferase 

precedes sanmhattheperiodofonsetofnyelination,when sulfatide accmu- 

lates in brain (MzKhann and Ho, 1967). Liver, which contains little or no 

sulfatides (Kwiterovich et al., 1970) also sbms little or no sulfotransferase 
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activity @?ussbam and Mel, 1972), whaeas kidney shows both a high sulfa- 

tide aud high sulfotransferase activity. 'Ihe sulfatide formed in vitro frcan -- 
addedgdlactosylcer~ebytheenzymeframkidneymicroscaneshasthesame 

structure as natural sulfatide (Stoffyn et al., 1971). In bovine kidney, the 

highest concentration of sulfatide is found in the medulla, but sulfatide is 

also present in the cortex (Karlsson et al., 1968). As expeded frm the low 

sulfatide content of liver, cerebroside-sulfotransferase is not detectable in 

liver Golgi. Since kidney is a very heterogeneous population of cell types, 

itrnaybe thatnotallcelltypes in kidney contain this enzymtic activity. 

In the present studies we have shcm that the Golgi apparatus of kidney, 

like that of liver, is the locus of galactosyltransferase activity. This en- 

sym is involved in the mdificatim of glycopmteins during secretion. Our 

results indicate, in addition, that the Golgi apparatus of rat kidney is cap- 

able of rrcdifying lipids such as cerebmsides to form sulfatide. This is the 

first direct evidence that Golgi functions in nmmlian cells not only to 

transportarxdmdify secretoryprcducts,butalso tomdify a lipidwhichul- 

timately&xmas a ccmpnent of the mn-braues of the cell. 
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