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ABSTRACT Cerebrosides and sulfatides are major gly-
cosphingolipids of the lipid bilayer of the myelin sheath assem-
bled by oligodendrocytes and Schwann cells during myelination.
Cerebrosides are synthesized by ceramide UDPgalactosyltrans-
ferase [CGT; 2-hydroxyacylsphingosine 1-3-galactosyl-
transferase; UDPgalactose:2-(2-hydroxyacyl)sphingosine 1-13-
D-galactosyltransferase, EC 2.4.1.45] with UDPgalactose and
ceramide as substrates. Here we describe a purification method
from microsomes of myelinating rat brains that includes ion
exchange, dye ligand, and lectin affinity chromatography. The
enzyme was identified as a 64-kDa high-mannose glycoprotein.
A CGT-specific cDNA clone was isolated from a rat brain cDNA
library using CGT oligonucleotides derived from peptide se-
quences. The cDNA insert encodes a polypeptide of 541 amino
acid residues with a molecular weight of61,126. The polypeptide
has three putative glycosylation sites and one hydrophobic
domain at the C terminus. A 20-residue N-terminal signal
sequence is lost during cotranslational translocation. Northern
blot analysis demonstrates that CGT expression is restricted to
brain tissue and is time dependent, correlating with myelin basic
protein expression. In situ hybridization reveals that CGT
expression is restricted to the oligodendrocyte-containing cell
layers of cerebrum and cerebellum, which also express myelin
basic protein. The amino acid sequence ofCGT shows significant
homology to mammalian UDPglucuronyltransferases, which
suggests a common evolutionary origin of these enzymes.

The myelin sheath of the central nervous system (CNS) and
peripheral nervous system (PNS) is a highly ordered multi-
layer membrane system consisting of 70-80% lipids and
20-30% proteins. During the rather short period of myelina-
tion, oligodendrocytes of the CNS and Schwann cells of the
PNS synthesize and assemble these components into the
myelin membrane (1, 2). In the CNS, cerebrosides and
sulfatides are highly enriched in white matter (3) and con-
tribute to the insulating properties of the myelin membrane.
The main pathways for biosynthesis of these complex lipids
are well known (4), and the corresponding enzymatic activ-
ities responsible for their synthesis increase rapidly during
myelination and decrease markedly when myelination ceases
(5, 6). Ceramide UDPgalactosyltransferase [CGT; 2-hy-
droxyacylsphingosine 1-,B-galactosyltransferase; UDPgalac-
tose:2-(2-hydroxyacyl)sphingosine 1-f3-D-galactosyltrans-
ferase, EC 2.4.1.45] is the key enzyme in biosynthesis of
cerebrosides (7) and catalyzes the transfer of galactose from
UDPgalactose to ceramide (8). The enzyme is found in rat
brain microsomes (9), Golgi-enriched fractions (10), and
myelin (11). Numerous attempts have been made to isolate
and purify this membrane-bound enzyme (12-15).
Here we report purification of CGT from rat brain mi-

crosomes, its characterization at the cDNA and protein
levels, and its expression in myelinating brain. t Northern blot
hybridization indicates that CGT is expressed as a brain-
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specific transcript of 3.2 kb and is time dependently ex-
pressed correlating with the process of myelination. Com-
parative in situ hybridization with myelin basic protein
(MBP) mRNA demonstrates that the CGT transcript is ex-
pressed in the same cellular layers that contain mostly
oligodendrocytes.

MATERIALS AND METHODS
Purification of CGT. Microsomes of 100 rat brains (20-day-

old Wistar rats) were prepared as described (15) and ex-
tracted with 400 ml of 50 mM Tris HCl, pH 8.0/0.5% Triton
X-100, reduced (Aldrich)/0.1% 2-mercaptoethanol/20%
(vol/vol) glycerol (TMG buffer). The suspension was centri-
fuged at 107,000 x g for 1 hr and the supernatant was stirred
with 50 g of DE-52 cellulose (Whatman) previously equili-
brated with TMG buffer. The protein solution was separated
from DE-52 cellulose with a sintered glass filter and was
immediately passed over a Cibacron blue Sepharose column
(Sigma; bed vol, 75 ml). The affinity column was washed with
150 ml of TMG containing 0.1 M KSCN (Fluka), and the
enzyme was eluted and reconstituted as described (15). After
dialysis against TMG buffer, the enzyme solution was loaded
on a lentil lectin-Sepharose column (Sigma; bed vol, 25 ml).
The column was washed with TMG containing 0.5 M NaCl
and the enzyme was desorbed with 15 mM methyl glucoside
in TMG/0.05% phosphatidylcholine. The purity of the en-
zyme was verified by silver-stained (16) SDS/PAGE.
Enzyme Assay. Enzymatic activity was determined as

described (15) using synthetic D-2-hydroxyoctanoylsphin-
gosine and UDP[14C]galactose (Amersham).

Deglycosylation. Purified CGT (5 ,g) was incubated for 12
hr at 37°C in 50 ,ul of incubation buffer (100 mM sodium
phosphate, pH 7.5/0.1% SDS/0.5% Triton X-100) with 0.2
unit of Endoglycosidase F (Boehringer Mannheim).

Determination of Glycan Structure with Specific Lectins.
Purified CGT (5 ,g in each lane) was subjected to SDS/
PAGE and subsequently transferred to nitrocellulose by the
semidry blot technique (17). After blocking with 2% bovine
serum albumin the nitrocellulose was cut into strips and
treated with lectins according to the instructions of the
manufacturer (Boehringer Mannheim).

Protein Sequencing. Purified CGT (50 ,g) was cleaved with
1 ,ug of trypsin (Boehringer) at 30°C in 50 mM Tris HCl, pH
8.0/0.01% SDS for 6 hr. The resulting peptide mixture was
separated by HPLC on a C18 reversed-phase column and
sequenced by automated Edman degradation using a model
477A sequencer (Applied Biosystems).

Cloning of CGT. The degenerated oligonucleotides (C/T)TI
CCI CA(A/G) AA(A/G) GTI ATI TGG (C/A)G and C(G/T)
(A/G)TA (G/A)CT IGG (A/G)TT (A/G)TT IAT IAC derived

Abbreviations: CGT, ceramide UDPgalactosyltransferase; MBP,
myelin basic protein.
*To whom reprint requests should be addressed.
tThe sequence reported in this paper has been deposited in the
GenBank data base (accession no. 21698).
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from the peptide sequences Leu-Pro-Gln-Lys-Val-Ile-Trp-Arg
and Val-Ile-Asn-Asn-Pro-Ser-Tyr-Arg, respectively, were
synthesized for PCR amplification (18) of a 327-bp fragment
from a AgtlO rat brain library (19). The PCR fragment was 32p
labeled by the random-priming method and used for screening
the same library. The 2.6-kb insert of 1 of the 10 different
clones isolated was subcloned into the EcoRI site ofpGEM3Z
(Promega) and sequenced by the dideoxynucleotide chain-
termination method (20) applying the T7 sequencing kit (Phar-
macia).
Northern Blot Analysis. Poly(A)+ RNA (21) (3 ug) from

cerebrum, cerebellum, liver, kidney, heart, and skeletal
muscle of 20-day-old Wistar rats or total RNA (10 ,ug) from
rat brain prenatal day -5; postnatal days 5, 10, 15, 20, and 25;
and adult were electrophoresed on a 1% agarose gel contain-
ing formaldehyde, transferred to a nylon membrane (NEN),
and probed with the 32P-labeled, randomly primed 327-bp
PCR fragment (CGT) or an 800-bp EcoRI/HindIII fragment
(MBP) (22).
In Situ Hybridization. In vitro transcription of the 327-bp

cDNA fragment of CGT or a 612-bp fragment from MBP in
pGEM3Z by using the SP6 orT7 RNA polymerase (BRL) and
uridine 5'-[a-[35S]thio]triphosphate (Amersham) yielded 35S_
labeled sense and antisense RNA probes. CGT and MBP
antisense (or the corresponding sense probes as control) were
hybridized to 6-,um cryosections of 20-day-old rat brains
previously fixed in 4% paraformaldehyde and processed for
autoradiography (23).

RESULTS

Purification and Cloning of CGT. Based on the results of
Neskovic et al. (15), we developed a simple and reproducible
three-step purification procedure for isolation of CGT from
microsomes of myelinating rat brain. The sequential appli-
cation of ion exchange, dye ligand, and lectin affinity chro-
matography results in a homogeneous enzyme preparation
(Table 1). The purification method yielded a single protein
band with an apparent molecular mass of 64 kDa in SDS/
PAGE and a final specific activity of 13,000 units/mg. Total
enrichment from microsomes was 1530-fold. Deglycosylation
with Endoglycosidase F decreased the molecular mass to 58
kDa as demonstrated by SDS/PAGE (Fig. 1). Analysis of the
glycan structure using specific lectins revealed that CGT is a
high-mannose glycoprotein. The N-terminal sequence of the
purified enzyme and sequences of nine tryptic peptides were
determined by Edman degradation (sequences are underlined
in Fig. 2). Three peptide sequences showed significant ho-
mologies to mammalian UDPglucuronyltransferases. Degen-
erated oligonucleotides corresponding to these peptide se-
quences were used for PCR amplification of a rat brain-
derived cDNA library yielding a 327-bp DNA fragment. The
radiolabeled PCR product was used as a hybridization probe
for screening a cDNA library of myelinating rat brains. A
2.6-kb cDNA clone was isolated from a AgtlO library. Fig. 2
shows the nucleotide and deduced amino acid sequence of
CGT.
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FIG. 1. Purification and characterization of CGT. (A) SDS/10%o
PAGE. Lanes: 1 and 3, purified CGT; 2, purified CGT, deglycosylated
with Endoglycosidase F. (B) Electrotransfer of purified CGT to
nitrocellulose by the blot technique, staining with different lectin-
digoxigenin conjugates. Carbohydrate specificities of the respective
lectins are in parentheses. Agglutin lanes: 1, concanavalin A (recog-
nizes mannose-containing carbohydrate structures); 2, Galanthus
nivalis [recognizes terminal mannose (al-+3), (al--6), or (al-.2)
linked to mannose]; 3, Datura stramonium [recognizes Gal(131-.4)-
GlcNAc]; 4, Maackia amurensis [recognizes sialic acid (a2-+3)Gal];
5, Sambucus nigra [recognizes sialic acid (a2-+6)Gal]; 6, peanut
[recognizes the core disaccharide Gal(Q1--3)GalNAc]; 7, wheat germ
(recognizes GlcNAc-containing carbohydrate structures).

A computer-aided search of available data bases revealed
a significant sequence similarity of CGT to a group of
enzymes that catalyze the transfer from glucose or glucuronic
acid from the corresponding UDP carbohydrates to mem-
brane-bound lipophilic substrates. Amino acid comparison
between CGT and UDPglucuronyltransferase sequences re-
vealed 37% identity. Lower, but still significant, homologies

Table 1. Purification steps of UDPgalactosyl ceramide galactosyltransferase (substrate, D-2-
hydroxyoctanoylsphingosine)

Total enzyme Specific activity,
activity, Total protein, nmol per h per Enrichment Yield,

Purification step Vol, ml nmol/h mg mg of protein factor %
Microsomes 100 13,600 1600 8.5 1 100
Microsomal extract 500 9,016 980 9.2 1.1 66.3
DE-52 cellulose 520 9,256 520 17.8 2.1 68.1
Blue-Sepharose 180 4,350 17.2 252.9 29.8 31.2
Lentil lectin-Sepharose 90 1,040 0.08 13,000 1530 7.6
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Met
gctgcagcttcceteacgcccagceteegagggcqacgaegtcegcgetcgctecoacaeacacgtcccgcqgoaqaqggcgtttceaact eocgogeaqcageegaaqqacqgcgtATG

LysSerTyrThrProTyrPh.MetLuL.uTrpSerAlaValGlyIleAlaArqAla A0 ThrLu
AAGTCTTATACTCCATATTTCATGCTCCTGTGGAGTGCTGTTGGAATAGCAAGGGCTGCTAAAATCATCATTGTGCCGCCAATTATGTTTGAAAGCCATTTGTACATTTTCAAGACACTA

AlaSerAlaLeuHisGluArqGlyHisHisThrValPh LeuLeuSerGluGlyArgAspIleAspProserAsnHixTyrserLeG_an8E".9srSerThrZ
GCATCAGCCTTGCACGAGAGAGGCCATCACACTGTCTTCCTCCTCTCAGAAGGCAGAGACATTGACCATCTAATCACTACAGCCTCCAGCGATACCCAGGGATCTTCAACAGTACCACC

_tArgAsnIltA- AsIlPheSerGlyArqL uThrAlaValGluL uValAspIleLeuAspHisTyrThrLyzAanCy AspHetMetValGlyAsnGln
TCAGATGCTTTCCTGCAGTCTAAAATGCGGAATATTTTCTCTGGAAGATTGACAGCAGTTGAACTGGTTGACATACTGG.ATCACTATACTAAGAATTGTGACATGATGGTTGGCAACCAA

TTATGTACTGACGTAGCACTGGAGTTTCCAAGGCCCACCCTGCCTAACGTTGTATATGTTGGAGGAA,TCCTAACAAACCCGGCCAGCCCACTGCCACAAGATCTGCAGAG.GTGGGTAGAT

GlyAlaGlnGlu1iisGlyPhoValL uValSorPh GlyAlaGlyValLysTyrLouSerGluA pIleAlaAsnLysLouAlaGlyAlaL uGly-_
GGTGCTCAGGAGCATGGCTTTGTCCTGGTATCTTTTGGAGCTGGTGTCAAGTATCTGTCAGAAGACATTGCTAACAAACTGGCAGG;AGCTCTGGGGAGATTGCCTCAG;AAAGTGAkTTTGG

&gheSerGlyThrLysPr Th.yTo_y_&G AnThar AlPheLeuSorHisGlyGlyLeu
AGGTTTTCTGGAACCAAACCAAAGAACCTAGGAAACAACACTAAGCTCATAGAATGGTTACCTCAAAATGACCTGCTTCGCCATTCAAACATCAGAGCCTTCCTAAGCCQTGGTGGTTTG

AsnSer1loPh-GluThrMetTyrHisGlyV lProV lValGlyIloProLouPhoGlyAspHisTyrAspThrM tThrArqValGlAa 0lost l a _
AACAGTATATTTGAAACTATGTATCATGGTGTCCCTGTAGTAGGAATCCCACTCTTTGGAGACCATTATGATACTATGACTAGAGTACAGGCGAAAGGCATGGGGATCTTGTTAGAATGG

A,2nThrVa ThrGluGlyGluL uTyrAspAlaL uVal lI_lnA rTArArglAql&GlnysL uSerGluIleHiaLysAspGlnProGlyRisProVal
AATACAGTTACTGAAGGGGAGCTGTATGATGCACTGGTGAAAGTTATCAACAATCCCAGTTATCGGCAGAGGGCTCAGAAGTTATCGGAAATTCATAAGGATCAACCCGGCCACCCTGTC

Asr,ArgThrThrTyrTrpIleAspTyrIl*LeuArgHiJAspGlyAl&HisHisLouArqSerAlaValHisGlnIloSerPh CysGlnTyrPheL uI uAsp;),oqU#aPYlaqh
AATCGGACTACCTATTGGATAGACTACATTCTTCGCCACGACGGAGCCCATCACCTCCGTTCGGCTGTCCATCAGATCTCCTTCTGTCAGTATTTTCTACTGGATATTGCCTTTGTGCTT

JAqiLSUG)ylStYAIPAA4Trlql#=ett[JYA).4T.TX=yEa;LysPhoI leTyrArgLysValLysSerLeuCySSerA.grThrHlSsSerThrVAI AsnGlyRis*TyrGlnAsn
CTGCTTGGTGCTGTCGCGCTCTACTTCATAGTGTCCTATGTGACAAAATTTATCTATAGAAAAGTCAAAAGTCTGTGTTCTAGGAGTACGCACAGCACAGTTAATGGACACTACCAAAAT

GlyIl1eLeuAsnGlyArgTyrLy sGlyAsnGlyHisIleLysHisGluLysLysValLys *

GGAATCCTCAATGGCAGATACAAAGGAAATGGTCATATTAAACATGAAAAAAAGGTAAAAtgagccaacaqcaqgacgqeaqgeaqgggatatqtgtcggtcattqaqtttgtaqtgcta
ctctttagtctaacagctaccaaaaetaaatqtcagcaaacaatcctaacaccetcatcaqaccctgttaatgaaatceatgqataaaatgtctqtacagaqeacaacecaaqtqcaaaa
atgtattttattctaar-actqatqcaqaaagttggeaqtqaaccatttaqaaagcccttaattatttaaatcaattaaqtgattgtgtcggacctqaqttttaaqtgttatgtatgtatt
acaqqtgaqggatggtgtttttctcttgataaqatgcgtgtatqtttccgtgtcgttqagttttagsttecatttgtatttaqettgtaacaqtatttcaaagactgtttcctaaactca
gtg,tacgaggcaaqtgaaaaqatggggtgggeacagtttttgtatttttqtttattatagacatttttatttttttttttgtatatqcttttttcttaeccaaetatggatacttgcqaaq
qaaactcgtaatgaagtaactgagtaaaa&aggttttcacatttttttctaatattttcetcctaceaataattttttecagaagaattttctaattaggaca&aag aaa^agctetta
cttttgttcaaagtactgaagaqtaeggste-aaacageacttqqaageaqageeatqtqeaaatgcttgtgtgacttggatatecateatttgaqtttgaatattcaggtatcaacttct
aaaattttagetttaaaataatcacctctcattccttttattatctqqqtcacgatatagtacataqgtgccaaeatatattcctettaagceaqgaacatttqcegttttct

(22% identical amino acids) exist between CGT and ecdy-
steroid UDPglucosyltransferase from baculovirus (24) and a
flavanol UDPglucosyltransferase from plants (25). No simi-
larity to the group of UDPgalactosyltransferases responsible
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FIG. 2. Nucleotide sequence of
1203 CGT cDNA and deduced primary

structure. Position 1 refers to the first
1323 nucleotide and amino acid residue of

the predicted CGT coding region.
1443 N-Glycosylation site consensus mo-

tifs are double-underlined. The C-ter-
1563 minal hydrophobic amino acid se-

quence is marked with a dotted line.
1663 Amino acid sequences determined by
1923 Edman degradation of purified pep-
20432163 tide fragments released by tryptic
22:3 cleavage of the purified CGT protein
2516 are underlined.

for transfer ofgalactose to other carbohydrate residues could
be detected.

Analysis of the cDNA-deduced amino acid sequence re-
veals the presence ofan N-terminal signal peptide of20 amino
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FIG. 3. CGT expression and tis-
sue specificity. (A) Northern blot
analysis of RNA of different rat
tissues. Positions of 2- and 5-kb
markers are indicated. Position of
CGT mRNA is a 3.2 kb. RNA (10
Mg) of spleen (lane 1), heart (lane 2),
kidney (lane 3), liver (lane 4), cer-
ebellum (lane 5), and cerebrum
(lane 6). (B) Time-regulated expres-
sion of CGT (a) and MBP (b) in rat
brain. Total RNA of rat brain of
prenatal day -5; postnatal days 5,
10, 15, 20, and 25; and adult was
separated by an agarose/formalde-
hyde gel for hybridization and
autoradiography.

B

GCCCTAATCCAGGGTTTGAAAAAAGAAAAGTTTGACCTOCTACTGGTTGhCCCCAATGATATGTGTGGATTTGTGATCGCTCATCTTTTAGGCGTTAAGTATGCTGTGTTTTCTACTGGC

Tr=xrpr
-

LouAlaTyrValProGluPheAsnSerLouLouThrAspArgMetAsnPhoLeuGluArgHatLy&AsnThrGlyValTyrLou
CTTTGGTATCCTGCTGAAGTCGGAGCGCCTGCTCCTTTAGCTTATGTCCCAGAGTTTAACTCACTCCTCACAGhCCGCATGAACTTCCTGGAAA,GGATGAAAAATACAGGCGTTTACCTC

IleSerArgMetGlyValSerPhoLeuVallAmProLysTyrGluArgIleMotGlnLysTyrAsnLouLouPr*AlaLysSerMetTyrAspLeuValMixGlySerSerLeuTrpMet
ATATCCAGAATGGGGGTTAGCTTTCTGGTTCTTCCGAMTATGAAAGGATAATGCAGAAGTACAACCTGCTCCCTGCAAAGTCCATGTATGATTTGGTTCATGGGTCCAGCTTGTGGATG
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FIG. 4. Comparative in situ hybridization analysis of CGT and MBP expression in rat brain. Distribution of CGT and MBP messages in rat
brain was examined by in situ hybridization of horizontal 6-&m cryosections using CGT antisense complementary RNA (A and C) and MBP
antisense complementary RNA (B). [A and B, bright-field image (x5.6); C, dark-field image (x35) of enlarged section of cerebellum of A.]

acids that precede the N terminus of the mature sequence as
determined by microsequencing. A second hydrophobic seg-
ment of 20 amino acid residues is detectable near the C
terminus. The mature protein starts with the previously
determined N-terminal sequence and contains 521 amino
acids with a molecular weight of 58,838, which is in good
agreement with the size estimated by SDS/PAGE of the
deglycosylated, purified protein (Fig. 1). The protein se-
quence contains three putative sites for N-glycosylation at
positions 78, 333, and 442 in the predicted primary structure
(double-underlined in Fig. 2).

Localization ofCGT mRNA Expression. The distribution of
CGT mRNA in different rat tissues was examined by North-
ern blot analysis (Fig. 3). The results demonstrate that CGT
is specifically expressed in brain as a transcript of 3.2 kb.
Comparative in situ hybridization offrozen rat brain sections
using in vitro transcribed antisense CGT RNA and MBP
RNA revealed a common pattern of expression in brain. The
hybridization signal is restricted to white matter areas in
brain (Fig. 4). Bright-field microscopy at higher magnification

illustrates the localization of CGT RNA in the white matter
of cerebellum. Control experiments using the respective
sense RNA revealed no significant accumulation of silver
grains (data not shown).

Expression of CGT in rat brain is time regulated and
parallels that of MBP during myelination. This was demon-
strated by Northern blot analysis of total RNA isolated from
rat brain tissue at different ages using the respective CGT and
MBP probes (Fig. 3).

DISCUSSION
The main pathway ofgalactosylceramide biosynthesis is well
established and involves the transfer of galactose from UDP-
galactose to the C-1 hydroxyl group of ceramide (26). The
corresponding transferase has been proposed to be firmly
integrated in the membranes of endoplasmic reticulum or of
the Golgi apparatus. Several attempts have been made to
purify the CGT, with limited success. Neskovic et al. (15)
describe the isolation and identification of a 53-kDa protein

Proc. Natl. Acad. Sci. USA 90 (1993)
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as CGT. Their purification method resulted in only a 65-fold
enrichment of enzymatic activity from microsomes with a
specific activity of 700 units/mg after the last purification
step. A Coomassie-stained SDS/polyacrylamide gel showed
three prominent protein bands migrating at 20, 53, and 68
kDa. Antibodies raised against the 53-kDa protein recognized
the protein in Western blot analysis but were unable to
immunoprecipitate the enzymatic activity.
We isolated CGT to homogeneity by an improved three-

step purification method. The enzyme was isolated as a
64-kDa glycoprotein with a specific enzymatic activity of
13,000 units/mg. Starting from rat brain microsomes, a
1530-fold purification was achieved. Using the lectin blot
technique, the enzyme was identified as a high-mannose
glycoprotein, suggesting that CGT is an enzyme residing in
the endoplasmic reticulum like the homologous glucuronyl-
transferases and other lipid-synthesizing enzymes [e.g.,
HMG-CoA reductase (27)].

Several peptide sequences derived from proteolytic frag-
ments of the purified enzyme allowed identification ofcDNA
clones encoding CGT. An open reading frame of 1740 bp was
identified in the cloned cDNA. As the previously determined
N-terminal sequence of the mature CGT protein is located at
base position 177 in the 2.6-kb cDNA clone, we suppose that
the methionine codon at base position 117 serves as trans-
lation start for CGT and that the N-terminal peptide of 20
amino acid residues matches a typical signal sequence re-
quired for the translocation of newly synthesized proteins
through the endoplasmic reticulum membrane (28). This is
supported by the homologies to the UDPglucuronyltrans-
ferases. They also contain N-terminal signal peptides, which
are removed by a peptidase upon translational translocation.
The methionine at position 117 (Fig. 2) matches the proper-
ties of a typical Kozak sequence (29).
The sequence similarity between CGT and a group of

UDPglucuronyltransferases suggests a common evolutionary
origin of the brain-specific CGT and the detoxification en-
zymes of the liver. Both groups of enzymes catalyze glyco-
sylation of lipophilic compounds (30, 31). Analysis of the
hydrophobicity (32) and hydrophobic moment (33) of the
amino acid sequences shows that these proteins share a
common structure with CGT.
The glycan structure of CGT was identified to be of the

high-mannose type by its lectin specificity. This strongly
suggests that CGT is located in the endoplasmic reticulum of
oligodendrocytes. The presence and the processing of the
signal sequence suggest a localization of the mature protein
in the lumen of endoplasmic reticulum. CGT has only one
C-terminal hydrophobic segment at positions 456-476 serv-
ing as membrane anchor. Three putative sites for N-glyco-
sylation are present at the presumably luminally oriented
N-terminal part at positions Asn-78, Asn-333, and Asn-442 of
the CGT protein.

Northern blot analysis demonstrates that CGT is a brain-
specific 3.2-kb transcript. The cellular location in rat brain
was documented by comparative in situ hybridization with
MBP mRNA. CGT mRNA is associated with white matter-
containing structures and it shows the same cellular distri-
bution as MBP. The time-regulated expression of CGT in rat
brain was investigated by Northern blot hybridization of total
RNA isolated at prenatal days -5; postnatal days 5, 10, 15,
20, and 25; and adult brain. Expression of CGT correlates

clearly with myelination and agrees with previously deter-
mined enzymatic activities of CGT during this period (5, 6).
The CGT described here is involved in synthesis ofa major

lipid class of myelin. It will be a valuable marker for studies
on the synthesis and assembly of the myelin membrane and
special forms of dysmyelinoses.
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performed by Dr. Kay Hofmann.

1. Siegel, G., Agranoff, B., Albers, R. W. & Molinoff, P. (1986) Basic
Neurochemistry (Raven, New York).

2. Moreli, P. (1984) Myelin (Plenum, New York), 2nd Ed.
3. Raff, M. C., Mirsky, R., Fields, K. L., Lisak, R. P., Dorfman,

R. H., Silberberg, D. H., Gregson, N. A., Leibowitz, S. & Ken-
nedy, M. (1978) Nature (London) 274, 813-816.

4. Benjamins, J. A. (1984) Advances in Neurochemistry (Plenum, New
York), Vol. 5.

5. Brenkert, A. & Radin, N. S. (1972) Brain Res. 36, 183-193.
6. Costantino-Ceccarini, E. & Morell, P. (1972) Lipids 7, 656-659.
7. Radin, N. S. (1959) The Biology of Myelin (Hoeber-Harper, New

York).
8. Morell, P. & Radin, N. S. (1969) Biochemistry 8, 506-513.
9. Neskovic, N. M., Sarlieve, L. L. & Mandel, P. (1973) J. Neuro-

chem. 20, 1419-1430.
10. Siegrist, H. P., Burkart, T., Wiesmann, U. N., Herschkowitz,

N. N. & Spycher, M. A. (1979) J. Neurochem. 33, 497-504.
11. Jungalwala, F. B. (1974) J. Lipid Res. 15, 114-123.
12. Neskovic, N. M., Sarlieve, L. L. & Mandel, P. (1974) Biochim.

Biophys. Acta 334, 309-315.
13. Neskovic, N. M., Sarlieve, L. L. & Mandel, P. (1976) Biochim.

Biophys. Acta 429, 342-351.
14. Neskovic, N. M., Mandel, P. & Gatt, S. (1981) Methods Enzymol.

71, 321-327.
15. Neskovic, N. M., Roussel, G. & Nussbaum, J. L. (1986) J. Neu-

rochem. 47, 1412-1418.
16. Blum, H., Beier, H. & Gross, H. J. (1987) Electrophoresis 8, 93-99.
17. Towbin, H., Staehelin, T. & Gordon, J. (1979) Proc. Natl. Acad.

Sci. USA 76, 4350-4354.
18. Erlich, H. A. (1989) PCR Technology (Stockton, New York).
19. Storck, T., Schulte, S., Hofmann, K. & Stoffel, W. (1992) Proc.

Natl. Acad. Sci. USA 89, 10955-10959.
20. Sanger, F., Nicklen, S. & Coulson, A. (1977) Proc. Natl. Acad. Sci.

USA 74, 5463-5467.
21. Chomczynski, P. & Sacchi, N. (1987) Anal. Biochem. 162,156-159.
22. Sambrook, J., Fritsch, E. F. & Maniatis, T. (1989) Molecular

Cloning: A Laboratory Manual (Cold Spring Harbor Lab. Press,
Plainview, NY).

23. Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D., Seid-
man, J. G., Smith, J. A. & Struhl, K. (1987) Current Protocols in
Molecular Biology (Wiley, New York).

24. O'Reilly, D. R. & Miller, L. K. (1989) Science 245, 1110-1112.
25. Furtek, D., Schiefelbein, J. W., Johnston, F. & Nelson, 0. E., Jr.

(1988) Plant Mol. Biol. 11, 473-481.
26. Kanfer, J. N. & Hakomori, S. (1986) Handbook ofLipid Research

3: Sphingolipid Biochemistry (Plenum, New York).
27. Liscum, L., Cumniings, R. D., Anderson, R. G. W., De Martino,

G. N., Goldstein, J. L. & Brown, M. S. (1983) Proc. Natl. Acad.
Sci. USA 80, 7165-7169.

28. von Heijne, G. (1986) Nucleic Acids Res. 14, 4683-4690.
29. Kozak, M. (1984) Nucleic Acids Res. 12, 857-872.
30. Dutton, G. J. (1980) Glucuronidation of Drugs and Other Com-

pounds (CRC, Boca Raton, FL).
31. Dutton, G. J. (1980) Glucuronidation of Drugs and Other Com-

pounds (CRC, Boca Raton, FL).
32. Kyte, J. & Doolittle, R. (1982) J. Mol. Biol. 157, 105-132.
33. Eisenberg, D., Schwarz, E., Komaromy, M. & Wall, R. (1984) J.

Mol. Biol. 179, 125-142.

Biochemistry: Schulte and Stoffel


