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Fig. 2. The effect of cholesterol on the activity of LacCera2,3-ST.
Liver LacCera2,3-ST was incubated with liver liposomes with various
amounts (7, 15, 20, and 25 mol%) of cholesterol. The molecular species
tested were; O, d18:1-18:0 and A, d18:0-18:0. The activity was assayed
in duplicate.

cholesterol was the same amount as in liver Golgi mem-
branes and 20 mol% was similar to brain neuron micro-
somes. In all cases, changes in the proportion of cho-
lesterol in the liposomes did not alter the activity of
LacCera?2,3-ST. Therefore, the difference in the activity
of neuron LacCera2,3-ST towards di18:0-18:0 between
neuron and liver liposomes was not due to the difference
in the cholesterol content of the membranes.
Consequently, the acyl chain composition of the phos-
pholipids of the neuron microsomal membranes was de-
termined (Table 2) and compared to that of liver Golgi

TABLE 2. Major glycerophospholipid molecular species composition
of microsomal membranes prepared from rat brain neurons

PC PE
Molecular species Diacyl Alkenyl Diacyl PI PS  Liposomes
mol %
16:0-22:6 4.8 15.4 99 1.1 6.0
18:1-22:6, 16:0-16:1 1.6 5.7 3.5 0.2 2.1
16:0-20:4, 16:1-18:1 7.8 10.4 29 96 6.7
18:1-20:4 2.1 5.0 3.0 10.8 2.8
16:0-18:2 1.8 0.4 0.2 1.2
18:1-18:2 0.4 0.2
18:0-22:6 21.9 31.7 344 26 67.7 27.7
16:0-18:1 35.4 8.1 54 09 32 23.2
18:0-20:4, 18:1-18:1 7.9 23.7 296 746 135 17.3
18:0-18:2 0.8 0.9 0.7
16:0-18:0 7.1 4.3 4.9
18:0-18:1 8.4 5.7 14.1 7.2

The notation used for glycerophospholipid molecular species is not in-
tended to indicate the position of the fatty acid on the glycerol. The dis-
tribution of the molecular species in liposomes (last column) was calculated
from the concentration of each glycerophospholipid classes in the neuron
microsomal membranes (Table 1).
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membrane phospholipids (11). Although there were marked
variations in the molecular species among the phospho-
lipid classes, the major contribution of the phospholipid
molecular species in the liposomes was from PC and PE.
Therefore, as seen in the last column of Table 2, the major
molecular species of glycerophospholipids in the neuron
liposomes were 18:0-22:6 (28 mol%), 16:0-18:1 (23%),
and 18:0-20:4 (17%). This is markedly different from liver
liposomes in which the major phospholipid molecular spe-
cies were 18:0-20:4 (22 mol%), 16:0-18:2 (19%), 18:0-18:2
(13%), and 16:0-20:4 (12%) (12). Neuron PC contained
~1% each of the alkenylacyl and alkylacyl forms (the
molecular species were not determined) and ~98% as the
diacyl form. Neuron PE contained ~38% as the
alkenylacyl form, ~3% as the alkylacyl form (molecular
species were not determined), and ~60% as the diacyl
form. SM represented only 3% of neuron microsomal
phospholipids and nearly 70% of SM was di18:1-18:0
(Table 3). Thus, the molecular species composition was
distinctly different from liver Golgi SM in which di8:1-
18:0 was only a minor component (10%) and the major
molecular species were d18:1-24:0 (30%), and d18:1-24:1
(17%) (12).

To determine whether the molecular species specificity
of LacCer«2,3-ST measured in vitro reflected the molec-
ular species specificity of the enzyme in vivo, the molecu-
lar species of LacCer and GM3 in brain neurons, whole
liver, liver parenchymal cells, and liver Golgi membranes
were compared. Rat brain neurons contained ~2 nmol of
LacCer and ~40 nmol of N-acetyl GM3/g wet weight.
The major molecular species of LacCer and GM3 isolated
from neurons was d18:1-18:0 (~40%) (Fig. 3). Both
LacCer and GM3 contained ~6% of d20:1-18:0 molecu-
lar species. There was a clear increase in the proportion
of d18:0-18:0 in GM3 compared to LacCer (from 1% to
7%), and neuron LacCera2,3-ST showed the highest ac-
tivity towards this molecular species of LacCer (Fig. 1,
solid bars). On the other hand, the proportion of d18:1-
24:1 in LacCer decreased to one-fourth in GM3 (16% to
4%). Molecular species containing longer chain fatty
acids, such as 25:0 (~4%) and 26:0 (~2%), were de-

TABLE 3. Major sphingomyelin molecular species of microsomal
membranes isolated from rat brain neurons

Molecular species mol

%
d18:1-16:0 11.1
d18:1-17:0 0.6
di8:1-18:0 67.9
d18:1-20:0 10.4
d18:1-22:0 2.9
d18:1-23:0 0.6
d18:1-24:0 2.2
d18:1-24:1 3.5
d18:1-24:2 0.8
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Fig. 3. The distribution of molecular species in LacCer and GM3 iso-
lated from rat brain neurons. Dotted bars, LacCer; hatched bars, GM3.
The results are means + SD of 3 separate neuron preparations.

tected in LacCer but not in GM3.

Perfused whole rat liver contained ~0.08 nmol of
LacCer and ~16 nmol of N-acetyl GM3/g wet weight.
The major long-chain base in liver glycosphingolipids was
d18:1. The molecular species analysis of whole liver
LacCer and GM3 showed that the major molecular spe-
cies were d18:1-24:0 (27%), d18:1-16:0 (20%), d18:1-22:0
(15%), and d18:1-24:1 (15%) and there were only small
differences in the distribution of molecular species be-
tween LacCer and GM3 (Fig. 4A). As liver contains
many cell types, the parenchymal cells were isolated from
perfused livers and the molecular species of LacCer and
GM3 were determined. Liver parenchymal cells contained
~0.06 nmol of LacCer and ~12 nmol of N-acetyl-GM3
in the parenchymal cells isolated from 1 g of liver. The
distribution of the molecular species was not different be-
tween LacCer and GM3, and was also similar to the dis-
tribution obtained with whole liver (Fig. 4B). Golgi mem-
branes isolated from 1 g of liver contained ~0.005 nmol
of LacCer and ~5 nmol of N-acetyl-GM3. When the
molecular species of LacCer and GM3 isolated from liver
Golgi membranes were analyzed, the molecular species
distribution in LacCer was similar to the distribution of
molecular species observed in the LacCer of whole liver
and parenchymal cells (Fig. 4C). However, the molecular
species distribution of Golgi membrane GM3 was clearly
different from the distribution of molecular species of

LacCer and GM3 in the whole liver and parenchymal-

cells. Specifically, the proportion of d18:1-16:0, d18:1-18:0
and d18:1-22:1 in GM3 was twice that in LacCer, and the
proportion of d18:1-22:0, d18:1-23:0, d18:1-24:0 and
d18:1-25:0 in GM3 was significantly less than in LacCer.
Although the proportion of d18:1-26:0 in LacCer was low
(~1%), this molecular species was not detected in GM3.

DISCUSSION
In the assay system used in the present study, the lipo-
philic substrate, LacCer, is transferred from carrier lipo-

somes to the membrane where the enzyme 1s located by
nonspecific lipid transfer protein (22). We have previously
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Fig. 4. The distribution of molecular species in LacCer and GM3 iso-
lated from rat liver. Dotted bars, LacCer; hatched bars, GM3. (A}
Whole liver; LacCer (n = 2 with less than 5% variations) and GM3
(means + SD, n = 3). (B) Liver parenchymal cells (n = 2 with less than
7% variations). (C) Liver Golgi membranes; LacCer (means + SD,
n = 3), each determination was performed with Golgi membranes iso-
lated from 5-6 livers; and GM3 (n = 3), each determination was per-
formed with Golgi membranes isolated from 1-3 livers.
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shown that nonspecific lipid transfer protein has no
molecular species specificity for LacCer (12, 20). Non-
specific lipid transfer protein also facilitates the exchange
of phospholipids and cholesterol between the membranes
and liposomes (21, 31, 32). As the liposomes in the incuba-
tion mixture contain approximately 10 times as much
phospholipid as the neuron microsomal or liver Golgi
membranes, after incubation with nonspecific lipid trans-
fer protein the lipid composition of those membranes
largely reflects the composition of the liposomes. As was
shown in Fig. 1, when neuron LacCera2,3-ST was in-
cubated with liver liposomes, the molecular species
specificity of the neuron enzyme was changed and was
virtually identical to that of native liver enzyme (10).
Likewise, when liver Golgi membranes were changed to
resemble the lipid composition of neuron microsomes by
incubating them with neuron liposomes, the molecular
species specificity of the liver enzyme was virtually identi-
cal to that of the native neuron enzyme. A similar phe-
nomenon was observed previously using rat liver Golgi
and cultured mouse neuroblastoma cell LacCera2,3-ST
(11). Thus, in this assay system the molecular species
specificity of LacCera2,3-ST resembled the molecular
species specificity of the cells from which the liposome
lipids were derived rather than the cells (liver Golgi, brain
neuron microsomes, or NB2a cell microsomes) from which
the enzyme was derived even when the enzyme and lipids
are from different species. This strongly suggests that the
LacCer molecular species specificity of LacCera2,3-ST
observed in any cell is determined primarily by the lipid
composition of the membrane in which the enzyme is
located.

There are only small differences in the phospholipid class
composition of rat brain neuron microsomal membranes and
rat liver Golgi membranes, and it is therefore unlikely that
differences in the molecular species specificity of liver and
neuron LacCera2,3-ST are due to differences in the phos-
pholipid class composition of the two membrane prepara-
tions. In a previous study (12), changes in the phospholipid
class composition of the membrane, particularly PC, PE, and
PS, were shown to alter the molecular species specificity
of liver LacCera2,3-ST, but relatively large changes in the
phospholipid class composition resulted in only relatively
small changes in the specificity of the enzyme, and the
direction of the changes observed in the previous study
cannot explain the differences in the molecular species
specificity of liver and neuron LacCera2,3-ST observed
in the present study. As shown in Fig. 2, differences in the
proportion of cholesterol in the two membranes also can-
not explain the difference in the molecular species spe-
cificity between liver and neuron LacCera?2,3-ST. Thus,
it is likely that the differences in the molecular species
specificity of LacCera2,3-ST are due to differences in the
molecular species composition of the membrane phospho-
lipids in those tissues. Previous studies (11, 12) with neu-
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roblastoma cells also suggested that the molecular species
composition of neuroblastoma cell phospholipids was re-
sponsible for the lack of LacCere2,3-ST molecular spe-
cies specificity observed in those tumors. In that study,
however, it was not possible to rule out the possibility that
the distribution of the diradyl forms of PC and PE could
also be involved, but, based on the results of the previous
and the present studies taken together, that possibility
now appears unlikely because there is no consistent varia-
tion in the molecular species specificity of LacCera2,3-ST
with the proportion of alkylacyl or alkenylacyl lipids in the
enzyme assay system.

Although it can be shown that the molecular species
specificity of LacCera2,3-ST can be altered by changes in
the lipid composition of the membrane where the enzyme
is located in an in vitro assay, the question remains as to
whether a similar specificity is observed in vivo, where
other regulatory factors could be more influential. (For in-
stance, we have previously shown (10) that in the in vitro
assay, the extent of the molecular species specificity of
LacCera?2,3-ST depends on the concentration of CMP-
NeuAc.) When the molecular species compositions of
LacCer and GM3 were determined in the rat liver Golgi
membrane, there were indeed differences in the molecular
species composition of the substrate (LacCer) and the
product (GM3) of the LacCera2,3-ST reaction. When
the ratio of GM3 to LacCer was calculated for each
molecular species and that ratio was plotted against the
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Fig. 5. The relative ratio of GM3/LacCer molecular species propor-
tion in the rat liver Golgi membranes. The values were obtained from
Fig. 4C. The relative ratio was calculated by dividing the ratio of
GM3/LacCer in each molecular species by the ratio obtained with
d18:1-18:0 molecular species, and plotted in the response to log of relative
retention time (RRT) of each molecular species (solid lines). RRT is cal-
culated by dividing the absolute RT of each molecular species of LacCer
by the RT of d18:1-18:0 LacCer (20). The relative activity of liver
LacCera2,3-ST obtained in the previous study (10) is presented to com-
pare the profile of the specificity (dashed lines). Long-chain base of all
molecular species is d18:1 and fatty acids are indicated in the figure.
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effective carbon number of that molecular species [log of
relative retention time (RRT)] (Fig. 5, solid lines), virtu-
ally the identical pattern was obtained as when the ac-
tivity of liver LacCera2,3-ST for each molecular species
determined in the in vitro assay was plotted against the
log of RRT of the respective molecular species of LacCer
(dashed lines) (10). Thus, at least for rat liver, the
specificity of LacCera?2,3-ST observed in our in vitro as-
say accurately reflects the molecular species specificity of
LacCera2,3-ST in vivo. A similar comparison of the
molecular species composition of LacCer and GM3 in the
neuron Golgi was not possible because the Golgi appara-
tus preparation from isolated neurons is only ~30%
Golgi apparatus (33), and the yield is very low and GM3
is only a very minor ganglioside in neurons. However, a
comparison was made between the neuron LacCer and
GM3, and there were differences between the molecular
species composition of LacGer and GM3, but in general
those differences do not reflect the molecular species
specificity of neuron LacCera2,3-ST. This is not unex-
pected because it is likely that, as is the case with liver
parenchymal cells, the molecular species composition of
Golgi GM3 and whole cell GM3 is different. However, the
activity of neuron LacCera2,3-ST towards d18:0-18:0 is
very high, and this is reflected in the difference between
neuron LacCer and GM3 in which the proportion of
d18:0-18:0 in GM3 is ~7 times higher than in LacCer.

Based on these results, we conclude that the molecular
species specificity of LacCera2,3-ST determined in our in
vitro assay reflects the specificity of the enzyme in vivo
and that the specificity of the enzyme is determined by the
phospholipid molecular species composition of the Golgi
membrane. B3
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