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Summary: Dietary erotic acid has been shown to inhibit secretion of plasma lipo- 
proteins from the liver and to cause the accumulation of lipoprotein apoproteins 
within the liver. Comparison of the carbohydrate composition of plasma apoproteins 
and corresponding apoproteins isolated from erotic acid induced fatty livers 
indicates that the latter are deficient in N-acetyl glucosamine, galactose, and 
N-acetyl neuraminic acid. These differences can be explained by a lack of exposure 
of liver apoproteins to glycosylating enzymes present in the Golgi apparatus. 

Introduction: 

Rats fed an adenine-free diet containing one percent erotic acid develop 

fatty livers (1) and are unable to secrete plasma very low density (VLDL) and 

low density (LDL) lipoproteins from their livers into their blood (2). We have 

demonstrated that, during the time of inhibition, all but one of the apoproteins 

of plasma VLDL accumulate within fatty particles (1iposomes)l in the liver (3). 

The apoprotein missing from the liposome is one of a pair of smaller apoproteins 

of VLDL which have been shown to be antigenically identical but to differ in 

their content of sialic acid (4). The other member of this pair is present in 

the liposome in high concentrations. These observations suggest that the inhibi- 

tion in secretion of serum lipoproteins might be related to glycosylation of the 

apoproteins within the liver. In this report we present carbohydrate composition 

of some of the apoproteins isolated from plasma VLDL and erotic acid induced 

fatty livers. 

Materials and Methods: 

Isolation and purification of apoproteins from the liver: Male Sprague- 

Dawley rats (175-25Og) were fed a semisynthetic diet containing 1 per cent erotic 

'The term liposome, as used in this paper, refers to a lipid-laden vesicle 
bounded by membrane probably derived from rough endoplasmic reticulum. 
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acid (3) for 7 days. Liposomes were isolated by ultracentrifugation and delipi- 

dated in alcohol and ether as previously described (3). Apoproteins were 

resuspended in 0.01 M borate buffer at pH 11.5 containing 6 M urea. Sephadex 

gel filtration of apoproteins in 6 M urea was performed according to the method 

of Koga et al. (5). Effluent fractions were pooled and concentrated by pressure 

dialysis. Preparative polyacrylamide electrophoresis was then performed using 

a Canalco Prep-disc apparatus according to the method described in the Canalco 

Prep-disc instruction manual, except that all solutions contained 6 M urea. 

The length of the separating gel and the time of electrophoresis depended upon 

the particular apoprotein to be isolated. Protein determinations were performed 

by the method of Lowry et al. (6) using bovine serum albumin as a standard. 

Isolation and Purification of Plasma VLDL apoproteins: 

Male Sprague-Dawley rats were fed a hyperlipoproteinemia-inducing diet 

(7) for ten days prior to sacrifice and isolation of plasma VLDL by ultracentri- 

fugation at density 1.006 g/ml (3). VLDL was purified by 2 additional centri- 

fugations at the same density. Delipidation, gel filtration and preparative 

electrophoretic procedures used to purify plasma VLDL apoproteins were identical 

to those used for liver apoproteins. 

Figure 1 shows analytical electrophoregrams of purified liposomal and 

VLDL apoproteins after preparative electrophoresis. The apoproteins were 

operationally designated 22, 31 and 32; an L or V prefix indicates whether the 

fraction was derived from liposomes or VLDL, respectively. The apoprotein that 

VLDL holds in common with low density lipoprotein does not migrate in the 

polyacrylamide and was not purified because it could not be satisfactorily 

resuspended in aqueous media after delipidation. Its presence within the liver 

liposomes, as determined by immunological methods, has already been reported (3). 

With these methods of purification, 100 ml of hyperlipemic plasma yielded approxi 

mately 6 mg of V22, 0.3 mg of V32 and 0.5 mg of V31, while 100 g of erotic acid 

induced fatty liver yielded approximately 0.3 mg of L22 and 3 mg of L31. 

Carbohydrate Analysis: 

Carbohydrate analyses were performed by gas-liquid chromatography using the 
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Fig. 1. 
Polyacrylamide electrophoresis of delipidated VLDL and purified VLDL 

and liposomal apoproteins in 6 M urea. Acrylamide concentration was 7.5%. 
The apoproteins were operationally designated 22, 31 and 32 with a prefix 
of L for apoproteins isolated from liposomes and V for apoproteins isolated 
from plasma VLDL. 

method of Dawson et al. (8). To eliminate non-covalently bound sugars prior 

to analysis, each sample was dialyzed extensively against distilled water, then 

filtered through 2 layers of glass fiber filter followed by precipitation with 

5% trichloroacetic acid, centrifugation and resuspension of the precipitate in 

0.01 N NaOH. 

Results: 

Of the apoproteins that can be solubilized, comparable apoproteins in 

liposomes and VLDL have been found to be identical immunologically, electro- 

phoretically and by peptide mapping, and the 2 small VLDL apoproteins (V31 and 

V32) have been found to be identical to each other by immunologic and peptide 

mapping criteria. The peptide mapping and further comparative characterization 

of VLDL and liposomal apoproteins will be reported upon separately. 

Figure 2 gives the results of carbohydrate analyses of L31, V31 and V32. 

Four separate isolations from different groups of rats were made for each 

apoprotein. L31 and V31 were found to be almost devoid of carbohydrate while 
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Fig. 2. 
Carbohydrate analysis of L31, V31 and V32. Four separate isolations from 

different groups of rats were made for each apoprotein: the height of the 
bars represents the average of 4 determinations while the error bars represent 
plus and minus the standard deviation. 

V32 contained approximately 2% galactose and N-acetyl glucosamine and 9% sialic 

acid. The data are consistent with one residue each of N-acetyl glucosamine 

and galactose and 3 residues of sialic acid per 10,000 daltons of protein. All 

three apoproteins are completely lacking in mannose. This clearly demonstrates 

that the polymorphism of the small VLDL apoproteins is due to the presence or 

absence of an entire carbohydrate chain. 

Figure 3 shows the results of a similar study of L22 and V22 (note the 

scale of % protein on the ordinate is different from figure 2). These apopro- 

teins were found to contain both glucosamine and galactosamine which could not 

be quantitively separated on our chromatograms. The amount of glucose in all 

of the apoproteins examined was extremely variable; we consider it most likely 

that this variability is due to contamination, probably from the Sephadex 

chromatography. L22 contains more mannose and about half as much hexosamine, 

galactose and sialic acid as V22. 
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Fig. 3. 

Carbohydrate analysis of V22 and L22. The data are the result of deter- 
minations of 4 separate isolations of each apoprotein. The height of the 
bar represents the average of four determinations while the error bars 
represent plus and minus the standard deviation. 

Discussion: 

Feeding erotic acid to rats produces a fatty liver in which fat accumulates 

along with apoproteins as liposomes in endoplasmic reticulum which is studded with 

ribosomes. The data presented here suggest that liposomal apoproteins are 

relatively deficient in N-acetyl glucosamine, galactose and sialic acid. 

Redman and Cherian (9) have examined the incorporation of labeled sugar 

precursors into rat liver glycoproteins in different parts of the endoplasmic 

reticulum. They find that most of the mannose and about half of the glucosamine 

is attached to protein in the rough endoplasmic reticulum; the remaining glucosanine 

and most of the galactose and sialic acid is incorporated in smooth endoplasmic 

reticulum and Golgi apparatus. Perhaps the glucosamine attached to protein in the 

rough endoplasmic reticulum is differently linked to its protein than that attached 

in the smooth endoplasmic reticulum and Golgi apparatus. In other words, there 

might be two classes of enzymes responsible for the addition of glucosamine to 
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protein, one of which is localized to the rough endoplasmic reticulum while the 

other is confined to the smooth endoplasmic reticulum and Golgi apparatus. This 

could account for the apparent acceptor specificity for glycosylation revealed 

by the presence of all sugar components, albeit in lower concentration, in L22 

while the accumulated L31 contains virtually no carbohydrate. Since liposomal 

apoproteins are found in rough endoplasmic reticulum, their relative lack of 

carbohydrate might be the result of not having been exposed to the glycosylating 

enzymes of the Golgi apparatus, where the missing carbohydrate would presumably 

be attached. This suggests that the missing carbohydrate is a result of the 

inhibition of lipoprotein secretion rather than its cause. The accumulated 

apoproteins may be regarded as secretory precursors of the VLDL apoproteins. 

The normal dimorphism seen in the small VLDL apoproteins (V31 and V32) might 

be due to the relative position of the apoproteins in the lipoprotein particle 

at the time of glycosylation i.e. proteins on the surface of the lipoprotein 

particle might be more accessible to glycosylation as the particle traverses 

the smooth endoplasmic reticulum and Golgi. An alternate possibility is that 

the dimorphism is due to a relatively low efficiency of enzymes which specifically 

attach carbohydrate moieties to these particular proteins. That this dimorphism 

exists at the time of secretion of VLDL is suggested by electrophoresis of 

VLDL apoproteins isolated from rat Golgi apparatus (10) which show the presence 

of both apoproteins. 

This work was supported by Life Insurance Medical Research Fund and 
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