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A CMP-NeuAc:GMI1 a2-3sialyltransferase (GD1a synthase, 2.4:99.2) has been purified from the Triton exiract of rat brain. The enzyme was puri-
fied and resolved by affinity chromatography: on CDP-Sepharose column by a linear NaCl gradient elution, Final purification was achieved by
elution from a ‘GM1-acid’-Sepharose column. SDS-PAGE of the enzyme revealed a single protein band with an apparent M, 44 kDa: It catalyzed
specifically the sialylation of GD1b, GM1 and asialo-GM]1, Enzyme products were identified by TLC in three drfferent solvent systems The K

: value for GMl was 7.5 x 10 -2 M, and for CMP-NeuAc it was 6.5.x 10'5 M. ;

‘Glycosyltransferase; Sralyltransferase; Glycolipid; Ganghosnde; GMI

1. INTRODUCTION -

Gangliosides, defined - as sialic acid-containing

glycosphingolipids; are present at a conspicuously high
concentration in the central nerve system of all chor-
dates [1]. Structural complexity is a hallmark of
gangllomdes‘ today over 90 different species have been

isolated and characterized from various tissues {2]. The :

sialic acrd moiety in'ganglioside may occur in a varlety
‘of lmkages [2] such as

‘NeuAca2-3Gaigl-4GalNAc-,
NeuAca2-3/6Gal31-4GlcNAc-,
NeuAco2-3GalB1-4Glc-, NeuAca2- 3Gal-,
NeuAca2-8NeuAca2- 3Galﬂl-4Glc- ‘
NeuAca2-8NeuAceoi2-8 NeuAca2-3GalGl-4Gle-,
NeuAca2-8NeuAca2- 3Galﬁl-4Ga1NAc-

NeuAca2- -6GalNAcB1-4GalB1-4Glec-, etc: For the addi-

tion of the sialic acid to each of these structures a

separate sialyltransferase may be required. To date
several sialyltransferases - have = been purified to
homogerneity, including  ‘B-galactoside o2-6sialyi-
transferase | from bovine colostrum [3], B-galacto-
side a2~ 3sialyltransferase and N—acetylgalactosamlmde
o2- 651alyltransferase from porcine submaxrllary gland
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Abbrewanons The nomenclature of ganghosndes is based on. the

- system: of Svennerholm [20]. The symbols and nomenclature for
neutral glycolipids. follow - a recent recommendation (IUPAC-IUB
Commission of Biochemical Nomenclature.  Eur. J. Biochem. (1977)

79;711-21)  NeuAg, ; N-acetylneuraminic -acid; - CMP, © cytidine ‘

monophosphate

[4, 5], and 6- galactosyl 1~ 3N—acetylgalactosarn1n1de}
o2~ 351alyltransferase from human placenta [6].:

recently embarked on a study to purify the varlous‘

-~ sialyltransferases in rat brain, and’ reported - the;

purification ' of CMP-NeuAc:lactosylceramrde‘ and
CMP-NeuAc:GM3  sialyltransferases (GM3 synthase

~and GD3 synthase) [7]. In this paper we report the

purification to - homogeneity and: characterization

- of  CMP-NeuAc:GM1 (Galg1 4GalNAc) o2- 3-sxalyl-
transferase (GDla synthase; EC 2. 4 99, 2) from rat
brain. ‘

2; MATERIALS AND METHODS

} Ganglrosrde and neutral glycosphmgohprds were xsolated from
bovine brain, or red blood: cells in our laboratories” [8; 9] CMP-
[“Cll\-uAc (1:8 ' mCi/mmol) ‘was purchased from New . England
Nuclear (Boston, MA). CDP-Sepharose was prepared as described by
Wilchek and Lamed [10]. 'GM-acid’-Sepharose was prepared by ox=:
idation of GM1 with permanganate [11] and followed by coupling of
the -GM1-acid io aminochexyl-Sepharose ‘4B -[12). Neuraminidase
(from: Vibrio cholerae) was purchased from Srgma (St. Louis, MO).
Peroxidase -conjugated cholera toxin subunit B was obtained from"
List Biol. Lab. (Campbell, CA). Protein assay kit was obtamed from
Bio-Rad-(Richmond, CA). o
The enzyme assay was-performed in.1 X 7 ¢m glaSS test tubes as
follows: 40.nmol of a glycolipid acceptor and 40 nmol of CMP~[“C]

. © NeuAc (1 X 10*cpm) were pipetted first-and dned wnh a . gentle
. stream of mitrogen. After sonication:with 50 ul of cacodylate buffer,

(pH 6.5, containing cacodylate 25 mM; MnCla 10 mM:and 0.15% ‘
Triton X-100); the enzyme, 50 ul (0.1-200 23 protem). was added with
gentle shaking.: After incubation at 37°C for.60'thin; the glycohprd ‘

. products were separated by gel filtration (Sephadex-G50 column 30 <
0.7 em) [13) and their radioactivities measured. -The TLC method,

described prevrously [14}-was-used m ‘determining the substrate‘

: ‘specnfrcrty of the:enzyme preparations. In'a separate experiment, the’
* enzyme product, GD1a; was'identified as follows: 150 nmol of GM1
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vears wreed wy subarate amd the cozyaiativ product was exiractod with
2wl of chlozofonm: methanol (31 by volutiey mixtuee amd deged
under nitrogen. The tesidue was dissolved s simall amount or
methanol wid desalted by gel Gitedion on i LU0 Sepharose volutin
(18], Ohe desalted slycolipid products were applicd on TP TR, and
Aevzloped with dhree different solven? syalenis. ey were )
shloroformamethanol gy, 2% CaCl 20,0 (SIS0 (16], ()
avetonitrilesisopeapanol g 02 Catle O (0:05:2%) [17], il
(&) chloroforay methanalag, 0 4% Cal 1028 N ONHLOM
{60,40: 50 [15).

20 Enaveme purification

AlE purifivition seps were wirvied ot at 4200 i from
U= 4ebechay-0ld vars (ol 40 @) were homegenized with 200ml o1 0,30
Mosuvrove containing | mM EDTA and 10 mM 2ameeciptosethanal in
i glass homogenizer. The homogenate was centrifuged st (K0 < ¢
for 10 min. The supernatant was carefully teinoved and centrifuged
ar 000 x g for Yomin, The pellet thus obtained was suspended in
28 M cacadylute buffer (phH 6.5, containimgg 20 1M MnCls, 289
glyceroland 1% Triton X-1000, The stpension was gently stivred for
G0 min and then centrifuged i 100000 =« p foy 60 min, The superna-
tant wus ealleeted ind dituted with 9 vols of 28 miM eacodylie butter.
Le was applied (o o CDE-Sepharose cotumin (20 x 2.8 ¢m) which il
been equilibrated with 25 mbd cacodylaie buffer contuining 259%
glyceral, 0.075 M NaCland 0.1% Triton X-100 (Bufler 1). After af-
finity adsorption, the excess proteins were washed with Buffer 1 until
1o mare proteins could be washed out. The enzymies adsarbed an the
column were eluted with a lincar gradient of NaCl salution (from 0.1
o BOMNGCHin baffer 1) Aliguots of the NaC'lelution were assiyed
for enzyme aetivity,  Fractions  with  CMP-NeuAeGM1e2-3
sialyliransferase were pooled and dialyzed against Buffer [ (without
NaCl) and finally concentrated with polyethylene glycol (A, 20 (KK,
They were applicd to a "GM 1 -acid “Sepharose column {10 x 0.7 cm),
and the column was thoroughly washed with Buffer [ and then eluted
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i the purtfivd cnsvme propaation, dw ens e win paasbsothed onoa
CHIPNepharore colutn anad efisted with BulTer T eontaining Lo M
Nat T as desiibed abore, This eney e pe=paralion was vsedd for the
deterininalion of enzynie spectivity

3 RESULTS

Fig. 1 shaws the chromutographic profile of CM [
NeuACGMeed-3sialyliransterase cluted from D1
Sephirose. The enavme was collected in fractions
SR-T2, and s specifc activity arose from 00018 U
{one unit of aetivity is defined us 1 gol/min of praduact
tormed) in the homogenate to 0.2 m1 in this fraction
(Table 1. After the "GMEgweid'sSepharose  affinity
chiromatography (Fig. 2), the enzyme was s¢parated
from other contaminants and appedred homogeneous
s Judged by silver staining, on SDS-PAGL elec-
trophoresis (Fig. 3). It had an apparent moleculir mass
of 44 000. From 40 ¢ of rat briin, 26 4¢ of purified en-
zyme was obtained, The enzyme was speeific to GDILb,
GM1 and asiado-GMIL, The specificity of the enzyme
toward different glycolipicds was examined: if the activi-
ty for GM!L was raken as 100, the activities of' the en-
zyme toward GD1b was 120, and asialo-GMI1 61, It did
not catalyze the transfer of sialic acid to GalCer, Lac-
Cer, Gb3, globoside, Forssman antigen, GM2, GM3
and GD3. Product indentification was done as tollows:
it GM 1 was used as the substrate for the enzyme reac-
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Fig. 1. The elution profile of the Triton-solubilized rat brain proteins on CDP-Sepharose column chromatography. The column (40 % 2.5 cm)
was eluted with a lincar gradient of NaCl. Fractions (8 ml) were collected and assayed for CMP-Neuse:GM1 sialyltransferase activity (+) and
protein (R).
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Purification of ONEPNSwACUME G sialy Weansfepase
Yiehl  told

Step Volsme  Patal  Npevifiv Total
(mb)  protein actisity activaty *a
e (st (nld)
protein) )
Flomogenate 200 MO0 Opals S Lo i
Metbrane
prepanition A48 982 00034 a2 6t A
friton oxtragt 50 fHsb 0082 A4 (R0 1
(SR 1RN
Sepharome 18 13 0.2 a0 S0 133
Cad il
Seplliarose A 0026 84 0.22 42 5610

T A SR T 7o

tion, the glycolipid product was identified as GDla by
HPTLC in three different solvent systems (Iig. 4), The
K, values were determined to be 7.5 x 1077 M for
GMI, and 6.5 x 1071 M tor CMP-NeuAc,

4, DISCUSSION

Glycasyltransferases are usually present in small
amounts in tissues and ave very labile [18]. Therefore, it
is neecssary to start with a large amount of tissues with
repeated  chromatographie steps. Furthermore, the
similarities in enzyme activities frequently render the
resolution of the various enzymes difficult to achieve,
In this paper, we devised a simple procedure which in-
cluded two affinity column chromatographic techni-
ques for their purification. The use of a rapid
solid-phase assay method on TLC plates further
facilitated the assay of the large number of column frac-
tions. These ensured us to start with a relatively small
amount of material to obtain a relatively high yield of
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s a b ¢C

Fig. 3. SDS-PAGE patterns of the enzyme preparations obtained

from the CDP-Sepharose column (lane ¢) and 'GMl-acid'-Sephirose

column (Janes a and b); lane s contained standurd protein mavkers,

The bands were visualized by silver staining, Lane a gave a single pro-

tein band with an apparent melecular mass of 44 000, The percentage
of gel was 8%,
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800
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Fig. 2. The elution profile of the sialyltransferase on GM1i-acid-Sepharose affinity chromatography.
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Fig. 4. Thin layer chromatography of the enaymatic product, GDI1a. Isolation of the ganglioside product was described in section 2, Cold GD1a,

10 g, was aclded before isolution, The FIPTLC plate was developed in chloroform/ methanol Zag. 0,29 CaCly- 2H20 (55:50: 10 v/v), The positions

of ganglioside were revealed by staining with iodine, and the radiouctivity was measured by scanning on Systemt 20n Imaging Seanner (Biosean
Ine., Washington, DC), Lane a contained the sample, and lane b authentic standards,

the pure enzyme (Table I). The enzyme shares a num-
ber of properties of other B-galactoside «2-3sialyltrans-
ferases in that it is a membranc-bound glycoprotein
(judged from its binding with Con A), and it has a
relatively high K, value for the glycolipid acceptors
(10~ M) (18], There arc several papers reporting [4-6]
that the g-galactoside o2-3sialyltransferases from
human placenta, porcine submaxillary gland and liver
occur in several molecular weight forms. Our data in-
dicate, however, that the cnzyme isolated from rat
brain appears to exist as single protein entity. It was
proved by kinetic and competition experiments [19] that
GMib, GDla and GT1b synthase are identical. This
was confirmed in this study. The enzyme catalyzes the
sialylation of #-galactosides which possess a terminal
Galpl-4GalNAc-structure. Further siudies are in pro-
gress to determine the molecular properties of the
various sialyitransferases.
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