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Abstract Previous studies have demonstrated that there is a 
change in the molecular species specificity of CMP-N-acetylneu- 
raminate:lactosyIceramide a2,3-sialyltransferase (LacCera2,3-ST) 
when the lipid composition of the Golgi membrane is altered 
(Kadowaki, Grant, and Williams. 1993. J. Lipid Res. 34: 
905-914). To understand the basis of this phenomenon, the 
molecular species specificity of rat liver LacCera2,S-ST was de- 
termined under conditions in which the phospholipid class com- 
position of the Golgi membrane was changed to resemble that 
of cultured mouse neuroblastoma NB2a cells, a cell line in which 
LacCera2,S-ST exhibits no molecular species specificity. Thc 
change in the lipid composition of the Golgi membrane was ac- 
complished by incubating the Golgi membrane vesicles with 
nonspecific lipid transfer protein and a 10-fold excess of Iipo- 
somes prepared with various proportions of purified rat liver 
lipids. The molecular species specificity of I,acCera2,3-ST was 
also determined under conditions where the phospholipid 
molecular species composition but not the phospholipid class 
composition of the Golgi membrane was changed, and in which 
both the phospholipid class and molecular species compositions 
were changed by using liposomes prepared with lipids purified 
from a mouse brain tumor (ependymoblastoma). When using 
liposomes prepared with rat liver lipids, a change in the phos- 
pholipid class composition of the Golgi membrane to a composi- 
tion similar to that of NB2a cells increased rather than decreased 
the molecular species specificity of rat liver LacCera2,3-ST. On 
the other hand, a change in the molecular species composition 
of the phospholipids (Le., using liposomes prepared with brain 
tumor lipids) essentially abolished the molecular species 
specificity of liver LacCera2,3-ST whether the phospholipid 
class composition was the same as that of liver Golgi or NB2a 
cells. These results indicate that while changing the phos- 
pholipid class composition of the liver Golgi membrane did 
result in changes in the molecular species specificity of 
LacCeraZ,S-ST, these changes did not explain the lack of 
specificity observed in NB2a cells. Rather, the lack of molecular 
species specificity of LacCera2,S-ST observed in NB2a cells is 
due to the acyl group structure of the neuroblastoma phospho- 
lipids.- Kadowaki, H., M. A. Grant, and T. N. Seyfried. 
Effect of Golgi membrane phospholipid composition on the 
molecular species of GM3 gangliosides synthesized by rat liver 
sialyltransferase. J Lipid Res. 1994. 35: 1956-1964. 
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The  conformation (1, 2), activity (3-LO), and specificity 
(11-13) of membrane enzymes can be modified by altering 
the membrane lipid composition. Consequently, there has 
been frequent speculation that changes in the membrane 
lipid composition may serve to regulate membrane en- 
zymes in vivo. CMP-Nacety1neuraminate:lactosylceramide 
CY 2,3 -sial yltransferase (EC 2.4.99.9) ( LacC e r a  2,3 -ST) is 
an intrinsic Golgi membrane enzyme that catalyzes the 
synthesis of G M 3  ganglioside, the major glycosphingo- 
lipid of most extraneuronal tissues. It has previously been 
reported that the activity and lactosylceramide (LacCer) 
molecular species specificity of LacCera2,S-ST changed 
when the lipid composition of the membrane where the 
enzyme was located was altered (14). Specifically, when 
the LacCer molecular species specificity of rat liver 
LacCera2,3-ST was determined, the enzyme displayed a 
distinct LacCer molecular species specificity (15). When, 
on the other hand, the molecular species specificity of 
LacCera2,S-ST was examined in cultured mouse neuro- 
blastoma NB2a cells (a cell line in which all the glyco- 
sphingolipids have a similar molecular species pattern 
(16)), the enzyme exhibited no LacCer molecular species 
specificity (14). When the lipid composition of NB2a cell 
microsomes was changed to resemble the lipid composi- 
tion of rat liver Golgi membranes by incubating NB2a cell 

Abbreviations: LacCerol2,3-ST, CMP-N-acetylneuraminat~:lactosyl- 
ceramide ol2,3-sialyltransferase; NeuAc, N-acetylneuraminic acid; LacCer. 
Gal0 1-4Glc-ceramide; GM3, NeuAca2-3Galp 1-4Glc-ceramide; PC, phos- 
phatidylcholine; PE, phosphatidylethanolamine; PS, phosphatidylserine; 
RRT, relative retention time; HPLC, high performance liquid chromatog- 
raphy. The ceramide molecular species abbreviations suggested by Breimer 
et al. (32) are used. For example, in the notation d18:l-18:0, the d18:l 
represents the long chain base sphingosine (u-erylhro-1,3-dihydroxy-2- 
amino-lmnr-4-octadecene) and 18:O represents the fatty acid (ocra- 
decanoic acid). 
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microsomes with nonspecific lipid transfer protein and a 
10-fold excess of liposomes prepared with rat liver Golgi 
lipids, then NB2a cell LacCera2,3-ST displayed the same 

re-acylation of LacCer prepared from bovine brain gan- 
gliosides (17). The purity of each LacCer molecular spe- 
cies was over 95% as determined by HPLC. . .  

distinct LacCer molecular species specificity as rat liver 
LacCera2,3-ST. Similarly, when the lipid composition of 
rat liver Golgi membranes was altered to resemble the 
lipid composition of NB2a cells, then the molecular spe- 
cies specificity of rat liver LacCera2,S-ST resembled that 
of the NB2a cells, i.e., there was no molecular species 
specificity. 

The major difference in the phospholipid composition 
of rat liver Golgi and cultured NB2a cells was in the 
proportion of phosphatidylcholine (PC) and phospha- 
tidylethanolamine (PE) (Le., rat liver Golgi membranes 
contained 58% PC and 21% PE, while NB2a cells con- 
tained 78% PC and only 7% PE) (14). There was also a 
large percentage difference in the proportion of phos- 
phatidylserine (PS), although the actual amount of PS 
was very low (;.e., rat liver Golgi membrane contained 3% 
and NB2a cells only 0.6% PS). The molecular species 
compositions of rat liver Golgi and NB2a cell phospho- 
lipids were also vastly different (14). In order to determine 
the basis for the difference in the molecular species spe- 
cificity of rat liver and NB2a cell LacCera2,3-ST, we have 
examined the LacCer molecular species specificity of rat 
liver LacCercr2,3-ST using liposomes prepared with vari- 
ous proportions of phospholipids purified from either rat 
liver or a mouse brain tumor. 

EXPERIMENTAL PROCEDURES 

Materials 

[Siali~-4,5,6,7,8,9-'~C]cytidine 5'-monophosphate-neuraminic 
acid (326.5 mCi/mmol) was obtained from DuPont New 
England Nuclear (Boston, MA); cytidine 5'-monophospho- 
N-acetylneuraminic acid, N-palmitoyl-DL-dihydrolacto- 
cerebroside (d18:O-16:O LacCer), N-stearoyl-DL-dihydro- 
lactocerebroside (d18:O-18:O Laccer), N-lignoceroyl-DL- 
dihydrolactocerebroside (d18:O-24:O LacCer) were from 
Sigma (St. Louis, MO); cholesterol was from Nu-Chek- 
Prep (Elysian, MN); C18 solid extraction column (1 ml) 
was from Supelco (Bellefonte, PA). Analytical and HPLC 
grade solvents were obtained from Fisher (Medford, 
MA). 

Preparation of Golgi membranes 

The liver Golgi membrane was prepared from male 
Sprague-Dawley rats (Taconic Farms Inc., Germantown, 
NY) weighing 125-150 g as previously described (17). 

Preparation of specific molecular species of LacCer 

LacCer molecular species containing d18:l or d20:l 
long chain base coupled with either 16:0, 18:0, 20:0, 22:0, 
or 24:O fatty acid were chemically synthesized by de- and 

Preparation of liposomes 

Lipids were extracted from perfused rat livers and 
mouse brain tumors (ependymoblastoma grown subcu- 
taneously in the flank of the B6 mouse (18)) with chloro- 
form-methanol 2:l and partitioned with saline into two 
phases (19). The lower phase was separated into neutral 
lipids and individual phospholipid classes by HPLC (20). 
Phospholipid classes were quantitated by phosphorus 
analysis (21). The liposomal lipids were prepared with 
three different mixtures of lipids (Table I). The purified 
phospholipid classes and cholesterol were mixed in the 
same proportion as they occur in the rat liver Golgi mem- 
brane (control liposomes), in the same proportion as they 
occur in rat liver Golgi membrane except that the propor- 
tion of PC and PE was the same as that of cultured mouse 
neuroblastoma NB2a cells (14) while the proportion of 
other lipids was maintained the same as in rat liver Golgi 
membrane (low-PE liposomes), or in the same proportion 
as the control liposomes but with the PS deleted (no-PS 
liposomes). Liposomes were prepared with 10 nmol of sin- 
gle molecular species of LacCer and 200 nmol of 
phospholipids as previously described (15). 

LacCera2,S-ST assay 

LacCeraP,3-ST activity was determined in the 
presence of purified nonspecific lipid transfer protein (22) 
as previously described (17). [ 14C]N-acetylneuraminic 
acid (NeuAc) incorporation into GM3 from endogenous 
substrates was determined with liposomes prepared with- 
out LacCer, and this endogenous activity was subtracted 
from the experimental values. 

TABLE 1 .  Proportion of lipids in IiDosomes 

Liposomes 

Lipid Control Low-PE No-PS 

mol % 

Phosphatidylcholine 57.8 72.7 59.9 
Phosphatidylethanolamine 21 .2  6.3 22.0 

Phosphatidylserine 2.9 2.9 

Cholesterol 7.2 7.2 7.2 

Phosphatidylinositol 8.1 8.1 8.1 

Sphingomyelin 2.8 2.8 2.8 

Lipid composition 0 1  control liposomes is the same as in the rat liver 
Golgi membrane (14). Low-PE liposomes contain the same proportions 
of PC and PE observed in cultured mouse neuroblastoma NB2a cells (14) 
but with the other lipids maintained in the same proportion as in the liver 
Golgi membrane. No-PS liposomes contain the same proportion of phos- 
phatidylinositol, sphingomyelin, and cholesterol as the control liposomes, 
but PS was deleted and the amount of both PC and PE was increased 
by 3.7% compared to the control liposomes. 
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Separation of Golgi membranes from liposomes and 
quantitation of LacCer molecular species 

Liver Golgi membranes (100 yg of protein) were in- 
cubated with liposomes containing 4 nniol each of five 
molecular species of LacCer (Le., d18:O-16:0, d18:O-18:0, 
d18:O-24:0, d18:1-18:0, and d20:l-18:O) in the presence of 
nonspecific lipid transfer protein (80 yg of protein) under 
the same incubation conditions as the LacCera2,3-ST 
assay, except that CMFNeuAc was omitted. Liposomes 
(400 nmol of phospholipids) were prepared with ependy- 
moblastoma lipids mixed in the same proportion as in 
cultured NB2a cells (14). After 10, 30, and 60 min incuba- 
tions at 37OC, Golgi membranes were separated from 
liposomes by ultracentrifugation as previously described 
(15). LacCer in the Golgi membranes was isolated (15), 
perbenzoylated (23), and quantitated by normal phase 
HPLC (24). The molecular species of LacCer were sepa- 
rated and quantitated by reversed phase HPLC (25). 

Other analyses 

The diradyl forms of PC and PE, and the molecular 
species of the phospholipid classes were determined by 
HPLC after hydrolysis by phospholipase C (26) and con- 
version of the resulting diglycerides to benzoyl esters (27). 
Ceramide molecular species of sphingomyelin were deter- 
mined as previously described (26) except that the HPLC 
column (2 x 250 mm) was Spherisorb (3 pm, MetaChem 
Technologies, Redondo Beach, CA) and the mobile phase 
was methanol-acetonitrile 1:l. Protein was quantitated by 

10 - 
8 -  

6 -  

4 -  

2 -  

0 

TABLE 2. Glycerophospholipid molecular species compositions of 
the incubation mixtures using liposomes prepared with rat liver lipids 

1 . 1 - 1 . 1 . 1  

Malor 
Molecular Spccier Control I.ow-PE Nu-PS 

mol X 

16:O-22:6 8.5 6 .8 8 .4  
18:l-22:6, 16:O-16:l 2.1 2 . 3  2 . 2  
16:O-20:4, 16:l-18:l 12.0 1 2 . 1  12.2 
18: 1-20:4 2.8 2 6  3 . 0 
16:O- 1 8 2  18.8 18.8 19 2 
18:l-18:2 4.0 4.0 7 9 
18:0-22:6, 16:0-16:0" 5.8 5 . 3 S O  
16:O-18:l 8.8 10.2 3.2 
1 8 :0-20 : 4, 18 : 1 - 1 8: 1 " 22.1 21.1 21.8 
18:O-18:2 13.4 14.6 13.5 
18:O-18:l 1 .7  2.0 1.6 

"18:O-22:6 and '18:0-20:4 are the major molecular species in these 
fractions for all the phospholipid classes of liver lipids. Molecular species 
are presented as less hydrophobic to more hydrophobic (from top to bot- 
tom). The liposomes were prepared with various proportions of lipids 
purified from rat liver as presented in Table 1.  The distribution of molec-u- 
lar species is calculated from the molecular species composition of each 
phospholipid class (Le., PC, PE, PI, and PS) in the liposomes. The molecu- 
lar species contributed by the liver Golgi membrane (10% of lipids in 
the incubation mixture) are also included in the compositions of the low- 
PE and no-PS liposomes as the nonspecific lipid transfer protein in the 
assay system rapidly equilibrates these lipids between liposomes and Golgi 
membranc. 

---O- d18:l 
-f- d20:l 

0 : .  I - 1 . 1  - ' - i 

-0.2 0.0 0.2 0.4 0.6 0.8 

-t- d18:O 

Fig. 1. The activity of LacCercu2,3-ST towards various molecular spc- 
cies of LacCer as a function of the log of the relative retention time 
(RRT) of LacCer. RRT is calculated by dividing the absolute retention 
time of each molecular species of LacCer by the retention time of 
d18:l-18:O LacCer (15). The reaction mixture contained 10 nmol of a 
single molecular species of LacCer in control liposomes (200 nmol of 
phospholipids), 50 p g  of Golgi membrane protein, 45-55 pg of purified 
nonspecific lipid transfer protein, 50 nmol of C M P [  l+C]NeuAc in a final 
volume of 50 pl and at a pH of 6.2. After incubation for 60 min at 37OC,  
[I+C]GM3 was determined (17). All the incubations were performed in 
duplicate (the range was within + 7 %  of the indicated means) using the 
same Golgi membrane preparation. The long chain bases and fatty acids 
are shown in each panel. 

the method of Lowry et al. (28) with bovine serum albu- 
min as standard. Statistical differences between groups 
were determined by ANOVA with one-way analysis of 
variance and comparisons were made using the Fisher 
procedure at a significance of 0.05. 

RESULTS 

The  activity of rat liver LacCera2,3-ST towards each of' 
13 molecular species of LacCer, containing either d18:l or 
d20:l long chain base coupled with 16:0, 18:0, 20:0, 22:0, 
or 24:O fatty acid or d18:O long chain base coupled with 
16:0, 18:0, or 24:O fatty acid, was determined with saturat- 
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ing concentrations of both LacCer and CMP-NeuAc. 
The LacCer was incorporated into liposomes prepared 
with purified rat liver lipids mixed in the same proportion 
as they occur in rat liver Golgi membranes (14) (Table 1, 
control liposomes), in that same proportion but with the 
amount of PC and PE adjusted to that of cultured mouse 
neuroblastoma NB2a cells (14) (low-PE liposomes), or in 
the same proportion as they occur in rat liver Golgi mem- 
branes except that PS was deleted (no-PS liposomes). In 
spite of the large difference in the ratio of PC and PE be- 
tween control and low-PE liposomes, there were only 
minor differences in the acyl group composition of the 
liposome preparations (Table 2). Therefore, the variation 
in the activity of LacCera2,S-ST among the three lipo- 
some preparations was probably due mainly to the differ- 
ent proportion of PC, PE, or PS (head groups). 

With control liposomes, the activity of LacCera2,S-ST 
. towards all three molecular species with a 16:O fatty acid 
but a different long chain base (i.e., d18:l-16:0, d18:O-16:0, 
and d20:l-16:O) was the same (Fig. 1). For those molecu- 
lar species with a d18:l long chain base, the activity of 
LacCera2,S-ST was the same with 16:O and 18:O fatty 
acids, but with the longer chain fatty acids, the activity 
decreased as the carbon number of the fatty acid in- 
creased. However, the decrease was progressively less with 
each additional 2 carbons. For those molecular species 
with a d20:l long chain base, the activity of LacCera2,S- 
ST towards d20:l-18:O was only a third of the activity 
towards d20:l-16:0, and with the longer chain fatty acids 
the activity of the enzyme also decreased as the number 
of carbons increased. As was the case with d18:l long 
chain base, the decrease was progressively less with each 
additional 2 carbons. For those molecular species with a 
d18:O long chain base, the activity of LacCera2,S-ST 

dl 8:l 

decreased nearly linearly as the carbon number of the 
fatty acid increased. 

With low-PE liposomes (Fig. 2, solid bars), the activity 
of LacCera2,S-ST towards all the molecular species with 
a 16:O fatty acid was similar and was nearly the same as 
that obtained with control liposomes. For those molecular 
species with a d18:l long chain base, the activity of 
LacCera2,S-ST with the longer chain fatty acids was less 
than that obtained with control liposomes, and the differ- 
ences between the activity of LacCera2,S-ST obtained 
with control and low-PE liposomes became progressively 
greater as the carbon number of the fatty acid increased. 
Likewise, for those molecular species with a d20:l long 
chain base, the activity of LacCera2,S-ST obtained with 
the longer chain fatty acids (18-24 carbons) was less with 
the low-PE liposomes than with control liposomes. How- 
ever, in contrast to those molecular species with a d18 long 
chain base, the greatest. difference between control and 
low-PE liposomes was obtained with d20:l-18:O and 
d20:l-20:O. The difference between the activity of 
LacCera2,S-ST obtained with control and low-PE lipo- 
somes became progressively less with a further increase in 
the carbon number of the fatty acid. For those molecular 
species with a d18:O long chain base, the activity of 
LacCera2,S-ST was generally similar to that obtained 
with the corresponding d18:l molecular species. 

With the no-PS liposomes (Fig. 2, dotted bars), the ac- 
tivity of LacCera2,J-ST towards all the molecular species 
with a 16:O fatty acid was also nearly the same as that ob- 
tained with control liposomes. For the other molecular 
species with a d18:l long chain base, the difference in the 
activity of LacCera2,S-ST between control and no-PS 
liposomes was one half of the difference between control 
and low-PE liposomes. For those molecular species with a 

d20:l dl 8:O 
100 

80 

60 

40 

20 

0 
16 18 20 22 24 16 18 20 22 24 16 18 24 

." - 
Q) 
U 

Carbon number of fatty acid 
Fig. 2. The effect of low-PE and no-PS liposomes on the activity of LacCercr2,3-ST towards various molecular species of LacCer. The reaction condi- 
tions were the same as described in Fig. 1, except that liposomes were prepared with rat liver lipids mixed in the proportions shown in Table 1 for 
low-PE or no-PS liposomes. The Golgi membrane preparation was the same preparation used for the experiment presented in Fig. 1. Data are ex- 
pressed as a percentage of the activity obtained with control liposomes for that particular molecular species of LacCer. All incubations were performed 
in duplicate (the range was within * 10% of the indicated means). The long chain bases and fatty acids are indicated in each panel; solid bars, low-PE 
dotted bars, no-PS. 
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d20:l long chain base, the activity of LacCera2,S-ST ob- 
tained with no-PS liposomes was similar to that obtained 
with low-PE liposomes. The activity of LacCera2,S-ST 
towards d18:O-160 and d18:O-18:O using no-PS liposomes 
was similar to that obtained with control liposomes, but 
the activity obtained with d18:O-24:O was much lower 
than that with control liposomes and was the same as that 
obtained with low-PE liposomes. 

In another experiment, the molecular species specificity 
of LacCera2,3-ST was determined using a limited num- 
ber of molecular species (d18:O-16:0, d18:O-18:0, d18:O- 
24:0, d18:l-18:0, and d20:l-18:O) incorporated into lipo- 
somes prepared with lipids purified from a mouse brain 
tumor (ependymoblastoma) grown subcutaneously in the 
flanks of mice. Tumor lipids were reconstituted in the 
same proportion as in rat liver Golgi (Table 1, control 
liposomes) or as in cultured mouse neuroblastoma NR2a 
cells (Le., 77.7% PC, 6.7% PE, 4.5% PI, 0.6% PS, 3.6% 
sphingomyelin, and 6.9% cholesterol (14)). Unlike liver 
PC and PE, the PC and PE isolated from the tumor con- 
tained both alkenylacyl and alkylacyl as well as diacyl 
lipids (Table 3). Each tumor phospholipid class also had 
a radically different molecular species composition than 
the corresponding rat liver phospholipid. Consequently, 
the glycerophospholipid molecular species composition of 
the tumor liposome preparations (Table 4) was very 
different from the liposomes prepared with rat liver lipids 
(Table 2). Compared to liposomes prepared with rat liver 
lipids, the liposomes prepared with tumor lipids had 
much less of those phospholipid molecular species con- 
taining polyunsaturated fatty acids (22:6, 20:4 and 18:2) 
and much more of those molecular species containing 
fatty acids with either no or a single double bond ( i c ,  

TABLE 3. Distribution of the diradyl forms of PC and PE in the 
incubation mixtures 

Ependymoblaslonra 

Liver (Mgi NH2a Cell 
Phospholipid Rat Liver Proportion Proportion 

mol % mol% 

PC 
Alkenylacyl 
Alkylacyl 
Diacyl 62.3 

Alkenylacyl 0.6 
Alkylacyl 

PE 

Diacyl 22.2 

1.3 
5.4 

56.9 

1 . 7  
7.3 

74.5 

8.3 2 .7  
1.6 0.5 

13.4 3.8 

‘I’AB1,E 4. Glycerophospholipid molrcular spcries ~ ~ ~ i n r ~ ~ ~ i s i t i ~ ~ n  01 
the incubation mixtui-es usins liposomes prcparrd witli 

mousc brain tumor lipids 

Major 
Molecular Spcriea 

m o l  ‘jf 

16:O-22:6 3 . 5 3 . 3  
18:l-22:6, 16:O-16:l 4.2 4 4 
16:O-20:4, 16:l-18:l 7.9 8.0 
18: 1-20:4 46 4.2 
16: 0- 18 : 2 10.7 l l . i  
18: 1-182 5.8 h. 1 

1 6: 0-  18: 1 18.3 2 2 . 0  
1 7 . 0  

18:0-18:2 9.9 9 . 3 
18:O-18:l 8.6 7.5 

18:O-22:6, 16:0-16:0“ 6 . I1 6 , 5  

1 8 : 0-20 : 4, 1 8 : 1 - 1 8 : 1 ‘’ 20.0 

“16:O-16:O and ’18:1-18:1 are the major molecular species in these 
fractions for all the phospholipid classes of the mouse brain tumor grown 
in the mouse flank. The molecular species contributed by the rat liver 
Golgi membrane (10% of lipids in the incubation mixture) are also in- 
cluded in the compositions 

16:O-16:0,* and especially 16:O-183 and 18:O-18:l). Of par- 
ticular note was the large increase in those molecular spe- 
cies with two unsaturated fatty acids (Le., 18:l-22:6, 
18:l-20:4, and 18:l-18:l) in the tumor lipids. However, 
there were only small variations in the molecular species 
composition of the liposomes prepared with tumor lipids 
mixed in the liver Golgi proportion and in the NB2a cell 
proportion, except for 16:O-18:2, 16:O-18:1, and 18:l-18:l 
(Table 4). The sphingomyelin molecular species composi- 
tion of the tumor liposome preparations was also 
markedly different from the liposomes prepared with rat 
liver lipids (Table 5). 

For those molecular species of LacCer containing a d18 
long chain base, the activity of LacCera2,3-ST obtained 
with ependymoblastoma lipid liposomes prepared in the 
liver Golgi proportion (Fig. 3, dotted bars) was generally 
lower than the activities obtained with control liposomes, 
Le., with rat liver Golgi liposomes (solid bars). In contrast, 
the activity of LacCera2,3-ST towards d20:l-18:O was 
significantly higher than that obtained with control liver 
liposomes. When the activity of LacCera2,3-ST was de- 
termined using liposomes prepared with tumor lipids 
mixed in the NB2a cell proportion (hatched bars), the ac- 
tivity with all the molecular species was about one half of 
the activity obtained with tumor liposomes mixed in thr 

Data are presented as the percentage of the total phospholipids. T h r  
diradyl forms contributed by the liver Golgi membrane (10% of lipids 
in the incubation mixture) are also included in the compositions of the 
brain tumor incubation mixtures. 

~~~ .~ ~~~ 

T h c  notation used for glycerophospholipid molecular species is not 
intended to indicate the position of the fatty acid o n  the glycerol. 

1960 Journal of Lipid Research Volume 35, 1994 

 by guest, on June 17, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


TABLE 5. Ceramide molecular species composition of 
sphingomyelin in the incubation mixtures 

Molecular Species Liver Golgi Ependymoblastoma 

d18:1-14:0 
d18:1-16:0 
d18:1-17:0 
d18:1-18:0 
d18: 1-2O:O 
d 18: 1 -22:O 
d18:1-23:0 
d18: 1-24:O 
d18: 1-24: 1 
d18: 1-24:2 

14.0 
1.3 
9.5 
2.4 

10.3 
12.7 
29.8 
16.9 
3.0 

mol % 

4.3 
46.7 

3.4 
7.5 
1.3 
4.9 
2.5 
8.8 

13.3 
7.3 

The molecular species contributed by the liver Golgi membrane (10% 
of lipids in the incubation mixture) are also included in the compositions 
of the brain tumor incubation mixture. 

liver Golgi proportion. Thus, compared to control lipo- 
somes, the most notable difference was the decrease in the 
activity of LacCera2,S-ST towards those molecular spe- 
cies of LacCer containing a d18 long chain base with 
either 16:O or 18:O fatty acid. 

In order to verify that the differences in the activity of 
LacCera2,3-ST towards the various molecular species of 

13.1 

" 
0 0 0 0 0 

I I 9 
r: 0 r: 0 

a3 d 
7 

a3 
7 

a3 
7 

(D 
7 

00 00 
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Fig. 3. The effect of mouse brain tumor lipids on the activity of the 
rat liver LacCera2,S-ST. Liposomes were prepared with lipids purified 
from a mouse brain tumor, ependymoblastoma, grown subcutaneously 
in the mouse flank. Solid bars: liposomes prepared with liver lipids 
mixed in the same proportion as rat liver Golgi membranes (control lipo- 
somes). These data are from ref. 17. Dotted bars: liposomes prepared 
with tumor lipids mixed in the proportion as in control liposomes. 
Hatched bars: liposomes prepared with tumor lipids mixed in the same 
proportion as NB2a cell lipids. The results are mean f SE of six deter- 
minations for liver lipid liposomes, and four determinations for tumor 
lipid liposomes. Statistically significant differences (P < 0.05) between 
the activity of LacCera2,S-ST towards a given LacCer molecular species 
from (a) control liver lipid liposomes and (b) from tumor lipids mixed 
in control liposome proportions are indicated above the bars. 

LacCer obtained with liposomes prepared with liver or 
ependymoblastoma lipids were not due to differences in 
the amount of LacCer in the Golgi membrane, the 
amount of each of the five molecular species of LacCer 
employed in the experiment shown in Fig. 3 was deter- 
mined in the Golgi membrane after 10, 30, and 60 min 
of incubation under the same conditions used for the 
LacCera2,J-ST assay except that CMP-[ 14C]NeuAc was 
omitted (Table 6). For this experiment liposomes were 
prepared with ependymoblastoma lipids mixed in the cul- 
tured NB2a cell proportion. The transfer of LacCer from 
the liposomes to the Golgi membrane was essentially com- 
pleted in 10 min, and at all incubation times there were 
no significant differences in the proportion of the LacCer 
molecular species between the liposomes and the Golgi 
membranes except for d20:l-18:O at 10 min. Ten min was 
chosen for the shortest incubation time because, in the en- 
zyme assay system used in the present studies, the enzyme 
and liposomes were preincubated together in the presence 
of transfer protein for 10 min before the reaction was in- 
itiated by the addition of CMP-[l+C]NeuAc. 

DISCUSSION 

LacCera2,S-ST is an intrinsic membrane enzyme with 
its catalytic domain facing into the lumen of the Golgi ap- 
paratus (29). The water-soluble substrate, CMP-NeuAc, 
is transported into the lumen of the Golgi by a membrane 
carrier protein (30). To ensure that the transport of CMP- 
NeuAc into the lumen of the Golgi is not the limiting factor 

TABLE 6. Distribution of LacCer molecular species transferred to 
Golgi membrane fraction from ependymoblastoma lipid liposomes 

Incubation Time 

Molecular Species 10 min 30 min 60 min 

nmol 

1.25 i: 0.07 1.24 f 0.05 1.33 f 0.11 
1.31 f 0.10 1.25 f 0.09 1.36 f 0.12 

d18:0-18:0 1.29 f 0.08 1.27 + 0.06 1.39 f 0.09 
1.41 f 0.08" 1.33 + 0.09 1.40 f 0.11 

d 18:0-24:0 1.27 f 0.06 1.25 f 0.05 1.30 f 0.07 
6.52 f 0.37 6.33 f 0.33 6.72 f 0.49 Total 

d18:0-16:0 
d18:1-18:0 

d20: 1 - 18:O 

The incubation mixture contained 20 nmol(4 nmol of each molecular 
species listed in the table) of LacCer in liposomes (400 nmol lipid phos- 
phorus), 100 pg of liver Golgi membrane protein, 80 pg of purified nonspe- 
cific lipid transfer protein at a final volume of 100 p1 at pH 6.2. Liposomes 
were prepared with ependymoblastoma lipids mixed in the same propor- 
tion as cultured NB2a cell lipids. Incubations were performed at 37OC 
for the indicated times. Golgi membranes were separated from liposomes 
and LacCer was quantitated as described in Experimental Procedures. 
The results are mean f SD of three determinations. 

"Statistically significant differences (P < 0.05) from other molecular 
species in a given incubation time. 
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in the enzyme assay and to permit the direct transfer of the 
lipophilic substrate, LacCer, to the leaf of the Golgi mem- 
brane where the catalytic site of the enzyme is located, 
Golgi vesicles were converted into inside-out vesicles by 
sonication. G M 3  synthesis is increased approximately 
2.5-fold by sonication and the addition of detergents to 
the sonicated Golgi preparation does not further increase 
the activity of the enzyme (24). In the assay system used 
in this study, LacCer is transferred from liposomes to the 
Golgi membrane by nonspecific lipid transfer protein which 
also promotes the rapid equilibration of phospholipids and 
cholesterol (22, 31) between the liposomes and Golgi vesi- 
cles. Therefore, in the presence of a large excess (10-fold) 
of liposomal lipids, it is also possible to change the lipid 
composition of the membrane where LacCera2,S-ST is 
located. 

Changes in the phospholipid class composition of mem- 
branes or of detergent-solubilized membrane prepara- 
tions have been shown to modify the activity of a number 
of intrinsic membrane enzymes (1-13) including 
LacCera2,3-ST. In one such study, Burczak, Soltysiak, 
and Sweeley (5) studied the effect of adding exogenous 
phospholipids to detergent-solubilized LacCera2,3-ST. In 
that study the addition of PS to the enzyme inhibited the 
enzyme activity, while the addition of PE had no effect 
and the addition of PC resulted in a large (10-fold) in- 
crease in LacCera2,S-ST activity. This is almost the op- 
posite of what was observed in the present study, where 
deleting PS resulted in a decrease in the activity of 
LacCera2,3-ST towards most molecular species of 
LacCer, and where an increase in the proportion of PC 
at the expense of PE also resulted in a decrease in 
LacCera2,S-ST activity. As neither the source of the en- 
zyme, the substrate used, nor the acyl composition of the 
phospholipids was specified, it is difficult to determine 
what factors may be responsible for the difference in the 
results obtained in that study and the results of the 
present study. 

In another study (6) examining intestinal Golgi 
LacCera2,3-ST, it was observed that treating rats with 
dexamethasone for 4 days resulted in a 2-fold increase in 
the activity of LacCera2,3-ST and a modest change in the 
fatty acid composition (i.e., an increase in 18:2 and 20:4 
fatty acids), but no change in the phospholipid class com- 
position of the Golgi membrane. Thus, the results of that 
study are in general agreement with the results of the 
present study in which the more polyunsaturated lipids 
(rat liver) gave a higher LacCera2,S-ST activity. How- 
ever, as the actual amount of LacCera2,S-ST was not de- 
termined in that study, it is possible that the effect of dexa- 
methasone on LacCera2,3-ST activity could have been 
due to an increase in the amount of the enzyme. 

In most mammalian tissues there are major differences 
in the ceramide molecular species composition among the 
various glycosphingolipid classes of the tissue, as well as 

differences between tissues. In contrast, in cultureti 
mouse neuroblastoma NB2a cells (16), and a iiumber of' 
other cultured neuroblastoma cells (unpublished observa- 
tions), all the glycosphingolipid classes have a similar cer- 
amide molecular species composition. In previous studies 
(14) using the same assay system used in the present study 
and liposomes prepared with lipids extracted from rat 
liver Golgi membranes or cultured mouse neuroblastoma 
NB2a cells, it was observed that when the lipid composi- 
tion of the membrane in which LacCera2J-ST was 
located was changed, the molecular species specificity of 
the enzyme was the same as that of the tissue from which 
the lipids were obtained rather than the tissue from which 
the enzyme was obtained. In  that study, when using lipo- 
somes prepared with NB2a cell lipids, the activity of rat 
liver LacCera2,S-ST was low and the enzyme had virtu- 
ally no molecular species specificity. Thus, the absence of 
molecular species specificity observed when using NB2a 
cell lipids was due to a decrease in the activity of 
LacCera2,3-ST towards those molecular species of 
LacCer containing a d18:l or d18:O long chain base and 
a 16:0 or 18:O fatty acid compared to the activity of 
LacCera2,3-ST towards the same molecular species de- 
termined with liposomes prepared with rat liver Golgi 
lipids. 

In the present study, using purified rat liver lipids, a 
change in the phospholipid class composition of the Golgi 
membrane to a phospholipid class composition similar to 
NB2a cells (i.e., low-PE liposomes) had a substantial effect 
on the molecular species specificity of LacCera2,3-ST, 
but the changes in no way explain the lack of molecular 
species specificity observed with NB2a cell lipids. In fact, 
with the low-PE (and the no-PS) liposomes, the molecular 
species specificity of LacCera2,S-ST became more 
pronounced because there was little or no change in the 
activity of LacCera2,S-ST towards d18:l-16:O or d18:O- 
16:O, while there was a progressively greater decrease in 
the activity of the enzyme with the longer chain fatty 
acids. Because the results with the low-PE liposomes (in 
which there was a large decrease in the proportion of PE 
(70%) and a compensatory increase in PC (25%)) and 
with the no-PS liposomes (in which there was a mere 4% 
increase in both PC and PE) are so similar in kind, if not 
in degree, it is likely that the more pronounced molecular 
species specificity of LacCera2,S-ST was the result of a 
specific interaction between the enzyme and the head 
group of the phospholipids and that the interaction in- 
volves the free amino group present in both of these phos- 
pholipids. 

As the results with the low-PE or no-PS liposomes 
demonstrate that the absence of LacCer molecular species 
specificity of LacCera2,S-ST in NB2a cells was not due to 
the phospholipid class composition of the cells, it seemed 
probable that the lack of LacCer molecular species spe- 
cificity in NB2a cells was due to the molecular species 
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composition of the tumor phospholipids. Although there 
are some differences in the phospholipid molecular spe- 
cies composition of ependymoblastoma tumors grown in 
the mouse and that of cultured NB2a cells, these differ- 
ences are small compared to the major differences in the 
phospholipid molecular species composition of the liver 
lipids and the ependymoblastoma lipids. (Cultured neu- 
roblastoma NB2a cells contain even less polyunsaturated 
fatty acids, particularly 18:2, (14) than the ependymo- 
blastoma tumor grown in the mouse.) When liposomes 
were prepared with lipids isolated from ependymoblastoma 
and reconstituted to the NB2a cell proportion (Fig. 3, 
hatched bars), the activity of rat liver LacCera2,S-ST was 
similar to that observed with NB2a cell lipids. Specifically, 
d18:O-16:0, d18:l-18:0, d18:O-18:0, and d20:l-18:O LacCer 
all had essentially the same activity. Even when the tumor 
lipids were mixed in the same proportion as in rat liver 
Golgi membranes (Fig. 3, dotted bars), LacCera2,S-ST 
displayed very little molecular species specificity even 
though the activity was generally higher, because the ac- 
tivity of LacCera2,3-ST towards d20:1-18:0 increased 
while the activity towards d18:O-16:0, d18:l-18:O and 
d18:O-18:O decreased. Similar results were observed when 
liposomes were prepared with another mouse brain 
tumor (CT2A) grown in a mouse flank, which has a 
similar proportion of diradyl forms of PC and PE, and a 
similar glycerophospholipid and sphingomyelin molecular 
species composition (data not shown). In all cases, 
including when using liposomes prepared with NB2a 
cell lipids (14), the activity of LacCera2,S-ST towards 
d18:O-24:O was less than towards the other molecular 
species. 

One possible explanation for the difference in the ac- 
tivity of LacCera2,S-ST when using liver lipids as op- 
posed to neuroblastoma lipids is that there is a difference 
in the amount of LacCer molecular species transferred to 
the Golgi membrane. As shown in Table 6, the amount of 
LacCer transferred to liver Golgi membrane from tumor 
lipid liposomes mixed in the NB2a cell proportion was 
rapid and there was essentially no variation in the relative 
proportion of LacCer molecular species. Using nearly 
identical procedures and liposomes prepared with rat liver 
Golgi lipids, we have previously shown that the propor- 
tion of the LacCer molecular species transferred to the 
Golgi membrane was also the same as the proportion ini- 
tially present in the liposomes (15). With the liver Golgi 
lipid liposomes there was initially a rapid transfer of 
LacCer to the Golgi membrane (approximately 60% of 
the total transfer occurs by 10 min) followed by a gradual 
increase in the amount transferred (24). At the end of the 
60-min incubation, the total amount of LacCer (6.68 f 
0.87, mean SD of 18 determinations) transferred to the 
Golgi membrane from the liver lipid liposomes, which 
also contained 20 nmol of LacCer (15), was comparable 

to that transferred to the Golgi membrane from the epen- 
dymoblastoma lipid liposomes after 10 min (Table 6). 
Thus, the decrease in the activity of LacCera2,S-ST ob- 
tained with the tumor lipid liposomes is not due to a 
decreased concentration of substrate in the Golgi mem- 
brane and is, therefore, probably due to a decrease in the 
intrinsic activity of the enzyme. 

The changes in the LacCer molecular species specificity 
of LacCera2,S-ST that occur when using liposomes pre- 
pared with the tumor lipids (ependymoblastoma, CT2A, 
or NB2a cells) were generally similar in kind whether the 
tumor lipids were mixed in the liver Golgi proportion 
(ependymoblastoma or CT2A) or in the NB2a cell pro- 
portion, but the total activity was less when the liposomes 
were prepared in the NB2a cell proportion. However, as 
there are only small differences in the phospholipid 
molecular species compositions between the liposomes 
prepared with brain tumor lipids mixed in the liver 
proportion and in the NB2a cell proportion, it is unlikely 
that the acyl group composition per se is the factor 
responsible for the difference in the total activity of 
LacCera2,3-ST. Moreover, the difference in the magni- 
tude of the change between the Golgi proportion and 
NB2a cell proportion is consistent with the change being 
due to an increase in PC rather than a decrease in PE and 
PS. 

One property that both cultured NB2a cell lipids and the 
lipids from the brain tumors (both ependymoblastoma and 
CT2A) grown in the mouse flank have in common which 
is different from rat liver lipids is the presence of a sub- 
stantial amount of alkylacyl PC (Table 3).3 In cultured 
NB2a cell lipids, 15.0% of the phospholipids are alkylacyl 
PC (14). Because the amount of alkylacyl PC in the lipo- 
somes increases as the overall activity of LacCercr2,3-ST 
decreases (Le., liver lipids, ependymoblastoma lipids in 
liver proportion, ependymoblastoma lipids in NB2a cell 
proportion), it is possible that the amount of alkylacyl PC 
modulates the total activity of LacCera2,S-ST although it 
does not appear to alter the molecular species specificity 
of the enzyme, which is independently regulated by both 
the phospholipid class and the molecular species composi- 
tion of the membrane lipids. 8 

This investigation was supported by the National Institutes of 
Health grant NS-23354. 
Manuscript received I4 January 1994 and in revised form I 1  May 1994. 

3Ependymoblastoma (and CTZA) tumor lipids contain substantial 
amounts of alkenylacyl PE while the liver lipids do not, hut cultured 
NB2a cell lipids also do not contain this diradyl form of PE (14). 
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