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UDP-galactose ceramide galactosyltransferase, CGT,
EC 2.4.1.45, is the key enzyme in the biosynthesis of
cerebrosides and sulfatides, which are the most
abundant glycosphingolipids in the myelin of the
central nervous system and the peripheral nervous
system. The cell-specific and highly time-regulated
expression of the CGT gene is thought to play an im-
portantrole in oligodendrocyte and Schwann cell dif-
ferentiation. Three genomic clones encoding the
mouse CGT gene were isolated and characterized.
The gene is distributed over >42 kb, and the coding
sequence is distributed over five exons ranging from
77 to 822 bp. Putative transcription start sites were
determined by primer extension experiments. The
CGT gene locus is highly conserved during evolution.
© 1996 Academic Press, Inc.

Myelination allows fast conduction in axons and is
therefore crucial for the development of higher verte-
brates. Oligodendrocytes produce myelin of the central
nervous system (CNS) and Schwann cells of the periph-
eral nervous system (PNS). They differ from others in
the expression of one of their major proteins, the pro-
teolipid protein (PLP), and protein zero (P,), respec-
tively. Myelin basic protein (MBP) and minor constit-
uents, e.g., myelin-associated glycoprotein (MAG) and
myelin oligodendrocyte glycoprotein (MOG), are, like
PLP and Py, expressed in a time-specific manner but
without restriction to one type of myelinating cell (for
review see (11)). Lipids comprise more than 70% of the
dry weight of myelin, with galactocerebrosides (GalC)
being an abundant class of lipids. The occurrence of
this class is restricted to CNS and PNS myelin except
for kidney, which has very low amounts of it. GalC
appears as an early specific marker in oligodendrocyte
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differentiation (13). Anti-GalC antibodies are used for
the staging of the oligodendrocyte lineage during differ-
entiation (1, 12). Numerous studies have been carried
out with anti-GalC antibodies to elucidate putative
functional roles of GalC and sulfatides. These studies
indicate a potential role for GalC in the differentiation
of oligodendrocytes and Schwann cells in transducing
signals that maintain the process of myelination (1),
as a receptor for viral (8) and bacterial toxins (7), and
as a mediator of Ca?"* signal in oligodendrocytes ((5),
for review see (6)).

The key enzyme in the biosynthesis of galactocere-
brosides is UDP-galactose ceramide galactosyltransfer-
ase (CGT; EC 2.4.1.45), which catalyzes the transfer of
galactose from UDP-galactose to ceramide (10). The
enzyme has been purified in this laboratory to homoge-
neity from myelinating rat brain, followed by the clon-
ing of the full-length rat CGT cDNA and its character-
ization (15). The CGT cDNA has an open reading frame
of 1623 bp encoding a 541-aa core protein. The 64-kDa
high mannose glycoprotein resides in the endoplasmic
reticulum. The primary translation product carries an
N-terminal 20-aa-residue signal sequence, three puta-
tive N-glycosylation sites, a C-terminal 23-aa-residue
transmembrane domain, and a KKVK endoplasmic re-
ticulum retention signal.

Recently, we have cloned and characterized the hu-
man CGT gene and assigned its chromosomal localiza-
tion as a single-copy gene to 4926 (2). The coding se-
guence of CGT-specific cDNA is distributed over five
exons with an approximate length of >40 kb.

A 690-bp EcoRI/Ncol fragment and a 1190-bp Ncol
fragment of the rat CGT cDNA (15) were used for
screening a mouse leukocyte genomic DNA library in
AEMBL3 SP6/T7 (ML 1040j; Clontech). Three clones
with insert sizes of 13 kb (\MCGT7), 19 kb \MCGT9),
and 21 kb (A\MCGT14) were obtained. Restriction map-
ping and Southern blot hybridization with specific oli-
gonucleotides derived from rat CGT cDNA revealed
that A\MCGT9 and AMCGT14 overlap and that the
three clones encompass the entire mouse CGT gene
except intron 1 (Fig. 1c). The coding sequence of the
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FIG. 1. Structure of the mouse CGT gene. (a) Mouse CGT mRNA.
(b) Arrangement of the five exons (depicted by numbers and boxes).
Solid boxes represent coding regions; 5’- and 3’-untranslated regions
are represented by open boxes. (c) Restriction map using the enzymes
BamHI (B), EcoRI (E), Sacl (S), and Xhol (no Xhol restriction site
exists in the analyzed clones). (d) Positions of the three genomic
phage clones A\MCGT7, AMCGT9, and A\MCGT14 and the subclones
pMCGT7, pMCGT14, pMCGT11, and pMCGT2, which were used for
double-strand sequencing.

mouse CGT gene is distributed over five exons, the
shortest comprising 77 bp (exon Ill) and the longest
822 bp (exon I). The four introns vary between 1.4 and
>23 kb as depicted in Fig. 1b. The exact size of intron
1 is unknown because the size of the gap between
AMCGT7 and AMCGT9 could not be determined by
Southern blot analysis, and no phage clone harboring
this region was obtained. All exons, including at least
30 bp of the flanking intron sequences and 425 bp up-
stream of the initiation codon, have been sequenced
using the dideoxy chain-termination method (14) utiliz-
ing synthetic oligonucleotides derived from rat CGT
cDNA or established sequences. These sequences as
well as an assembly of exon sequences have been depos-
ited with the EMBL nucleotide sequence database (Ac-
cession Nos. X92122, X92123, X92124, X92125,
X92126, X92177). The sizes of each exon and intron, as
well as the nucleotide sequences at the exon—intron
junctions, are summarized in Table 1. All intron se-

SHORT COMMUNICATION

guences are in agreement with the consensus se-
guences at intron—exon junctions.

The deduced protein sequence from the mouse CGT
gene exhibits a high degree of homology to those from
rat CGT (98.7%) and human CGT (97.6%). The coding
region of the CGT gene nucleotide sequence shows
95.9% identity between mouse and rat and about 90%
identity between human and mouse or human and rat.
Structural features like putative N-glycosylation sites,
the C-terminal hydrophobic part of the protein, the N-
terminal signal peptide, and the KKVK endoplasmic
reticulum retention signal are well conserved among
the three species. Furthermore, comparison of the hu-
man and mouse CGT gene structures reveals a pre-
served five-exon composition of the coding sequence
with identical positions of the introns and with only
minor alterations in the size of the known intervening
sequences. It is interesting to note that the major struc-
tural protein of CNS myelin, PLP, is one of the most
highly conserved proteins with respect to genomic
structure and amino acid and nucleotide sequences. Its
amino acid sequence is identical among mouse, rat, and
human with 97% identity of the coding sequence (4),
which is even higher than that of the CGT gene. The
lack of evolutionary divergence of the major structural
protein and of the enzyme catalyzing the synthesis of
the most abundant myelin class of lipids may empha-
size the crucial importance of the myelin sheet and its
major components for the development of vertebrates.

Primer extension experiments were carried out using
mouse brain poly(A)” RNA prepared from brain of 20-
day-old mice (3) and the 5’-end-labeled antisense oligo-
nucleotide CP40r (5'-GAGCATGAAATATGGAGTGT-
AAGAGTTCAT-3") derived from the 10 N-terminal
amino acid residues of the signal sequence, following
the standard procedure (9). Extension products were
analyzed on a 7 M urea 5% polyacrylamide gel adjacent
to a sequence ladder generated with the same 30-nt
oligonucleotide primer. As shown in Fig. 3, a major
extension band is located at position —144 upstream
of the translation start codon. This major band is ac-

TABLE 1

Exon/Intron Sizes and Sequences at Splice Junctions of the Mouse CGT Gene

Exon/intron junction sequences

Size Amino acids
Exon Position® 5’-Donor site 3’-Acceptor site Intron (kb) interrupted
| 1-822 CCAGAA gt aagg ttacag GATCTC 1 =23 Glu?™/Asp?™
1 823-965 TTGGAG gt aagg ttttag GITTTC 2 =1.4 Arg®?
i 966-1042 TGCTTG gt aagt cttcag GGCATT 3 =3.2 Gly3®
v 1043-1262 TCCCAG gt aagg ccat ag CTACCG 4 =12 Ser®
\Y% 1263-1623

a
Consensus splice signal NAG gt aagt

C C
Sy nfag G
(t)7ntag

2 Exon positions in coding sequence.
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GCCAGHGANGGTGIAGCANWTINT TTCE\TGTG| TTTTEG CENGC AVAT(eyC
e .. TPTCITCCALNTTCEyARNCCATIVATAA TTGET TYyT TLYYT TEVA[CMYG

GLAGAVVAGUATTA

TLYAA GLYAT G GET
C

GATCAGATATTTTYGG¢ AAACCTTTGIYCARNECTTGTTTTGAATGG

[HATHAGATATTTTINGINN Awa A AMTAATTTGCGANNMNT TGT TTTGAATGG,

[€CC[Xe/CCTCCGAGEECEEICGLACGY8CGCe]dTCGCTMCACAGACACCGTC

A CLYYTGTATIRTGT TE§TAAG Trye .o TEyA

. CCTETAT‘ATGTTCTAAGTC .. NT T Tpy
GCGGAAGGCGC TR 8CLYACN8CCGCG CA[eCC[EAAGGACGC

IATGAAGTCTTACACTCCATATTTCATICTCCTGTGGAGTGCTGTTGGEAT
ATGAAGTCTTACACTCCATATTTCATGCTCCTGTGGAGTGCTGTTGGAAT,

hsCGT -198

mmCGT -188

rnCGT =117 .oeeeeveoenccneens ceecrenenas
hsCGT -148 TTCTTHTGAGAAGTGTMTGTNCIAT eIAUNT
mmCGT -142 ACGCGCTTTGGAATA] TANTINGECligyA|
YACGT =117 e eeevesscsacccsscocssccsscsessessGCYWGCKIGHTTCCCTC
hscGT -98

mmCGT -92

rnCGT -100

hsCGT -48

mmCGT -46

rnCGT -50

hsCGT 1

mmCGT 1

rnCGT 1

ATGAAGTCTTAWACTCCATATTTCATGCTCCTGTGGAGTGCTGTTGGAAT
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FIG. 2. Alignment of the 5'-untranslated genomic sequence and part of exon | of mouse and human CGT DNA and of rat cDNA.

Sequence identities are indicated by using white on black lettering.

companied by a weaker signal at position —239 and a
cluster of three bands at positions —54, —55, and —56.

As depicted in Fig. 2, the 5’-untranslated genomic
sequences of mouse and human CGT show a notable
homology in contrast to the aligned rat CGT cDNA
sequence. This might indicate that the 5’-untranslated
sequence of rat cDNA is encoded in an additional exon
0. Also, the nucleotides AG in positions —3 and —4
relative to ATG of the mouse sequence fit the consensus
sequence of a splice acceptor site as well as the nucleo-
tide C in position —5, which is conserved up to 80% at
this position of the intron—exon junctions.
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FIG. 3. Primer extension analysis for the determination of the
transcription start site(s). The exact lengths of the primer extension
products were determined by aligning the corresponding sequence
of mouse CGT DNA generated with the same 30-nt oligonucleotide
primer on the same polyacrylamide gel. Photographs were taken
of autoradiograms after 3 days exposure (PE) and 1 day exposure
(sequence ladder).

The mouse CGT gene structure reported here and
the available genomic clones provide the molecular ba-
sis for the analysis of its regulated expression and for
studies of its functional role in oligodendrocytes and
Schwann cell maturation by means of transgenic and
gene disruption experiments.
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