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Surenary: Total polyadenylated enriched n@NA was prepared from rat liver by 
guanidine-HCl extraction and oligo(dT)-cellulose chr~togra&y. It was 
translated in vitro in an M?NI+dependent wheat germ system and rabbit reticu- -- 
locyte lysate system, using radiolabeled leucine or methionine as amino acid 
precursor. A product, designated preapoE, was specifically precipitated by 
a rabbit anti-rat apoE serum and accounted for 1.5% of the total radioactive 
peptides. It migrated as a single band of radioactivity on SDS gels with an 
apparent molecular weight similar to that of mature plasrre apoE. Inclusion 
of dog pancreatic microsomal membranes in the translation reaction resulted 
in a slightly srraller product (by 500 daltons). It also converted the preapoE 
fran an endoglycosidase H-resistant to an enzyme-sensitive species. This 
suggests that processing of preapoE takes place by the cotramslational remoM1 
of a signal peptide and core glycosylation of the mature protein. 

Apolipoprotein E (apoE) is an apoprotein found in chylcpnicrons, very lcw 

density lipoproteins (VIDL) and high density lipoproteins in man and in other 

nemralian species (l-6). Its plasn-e concentration is stirmlated by high 

cholesterol-feeding and carbohydrate ingestion (5,7). In the human fibroblast, 

apoE binds specifically to the lcw density lipoprotein receptor and is at 

least as effective as apoB in suppression of 3-hydroxy-3-methylglutaryl 

coenzyne A reductase, the rate-limiting enzyme in the cellular production of 

cholesterol (8,9). Recently, it has been demonstrated that uptake of chylcmi- 

cronremnan ts is controlled w a specific hepatic receptor for apolimrotein 

E in the perfused rat liver (10). Therefore, the regulation of this apoprotein 

is of considerable interest in the understanding of cholesterol hcmeostasis. 

Abbreviations used are: Gdn-HCl, guanidine-hydrochloride; SDS, sodium 
dcdecyl sulfate; VIDL, very law density lipoproteins: LDL, lcw density 
lipoproteins: apo, apolipcproteins: TCA, trichloroacetic acid. This work 
has been supported by NIH Research Grant HL-23470 and American Heart Asscci- 
ation grants 78-1102 and 80-875, and a grant fra the Texas Affiliate of the 
American Heart Association. 
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The liver is a major site of synthesis of apoE (11,12). However, very 

little is known abut the biosynthetic pathway of this apoprotein. Because 

of its induction in diet-induced hypercholesterolemia, its importance in LDL 

receptor recognition and its involvement in chylcmicron rermant removal, we 

have initiated studies involving the biosynthesis of apoE in vitro. In this -- 

conmmication, we describe the isolation of total hepatic Mona frm the rat, 

and the translation of apoE in vitro in a heterolcgms protein synthesis -- 

system frcm wheat gem and rabbit reticulocyte lysate. We found that newly 

translated apoE designated preapoE, is similar in size to nature plasm apoE, 

but that preapoE can be processed by the addition of dog pancreatic microscml 

msmbranes in the translation reaction. Furthermre, the processing of preapoE 

appeared to go through an endoglycosidase-H-sensitive glycqeptide intermediate. 

Materials and Methods 

Materials and Animals: Dithiothreitol was purchased from Sigma; oligo(dT) 
cellulose (T3) was obtained from Collaborative Research. Wheatgermwas a 
gift of General Mills. 35S-Methionine (1260 Ci/nnml) and 3H-leucine (60 
Ci/ml) were ~rchased frcm Amersham. Guanidine-HCl (Gdn-HCl) was frcm 
Bethesda Research Labs. All other chemicals were reagent grade and were 
purchased from Fisher Scientific Co. Male Sprague-Dawley rats, weighing 200 
gm, were obtained fran Holtzmn Farm (Wisconsin). For isolation of plasxa 
lipoproteins theywere fed either a normal ccmmarcial laboratory chew or one 
supplemented with 5% lard, 1% cholesterol, 0.38 tauroeholic acid and 0.1% 
propylthiouracil (6) for one month. 

Isolation of apoE: VLDL were isolated from rat plasma by repeated (x2) 
ultracentrifugal flotation at d = 1.006. ThepurifiedVLDLwere not contaminated 
with albmin as determined by SDS gels and by the absence of an imunoprecipitin 
line against rabbit anti-rat albumin serum. 
the method of Weisgraber et al. (6) 

ApoE was purified frcxn VLDL by 
except that Sephacryl S-200 was used 

instead of Sephadex C-ZOO%%e fractionation of apolipoproteins. &=liFc- 
proteins were identified by SDS polyacrylamide gel electrophoresis (13) and 
urea polyacrylamide gel electrophoresis at pi 8.8 (14). 

Preparation Of antibody: Purified rat apoE (0.04 n-g/ml) was em&zified in an 
equal volume of Freund's complete adjuvant. 'Ike nale New Zealand white 
rabbits were injected at mltiple subcutaneous sites on the back with 2.6 ml 
ermlsion containing 104 ug of apoE. After the initial imnmization, they 
received subcutaneous injections (35 ug each time) every 2 weeks. After tsm 
months sera were obtained and tested for anti-apoE activity by irmnmodiffusion 
and imunoelectrophoresis. An irmunoglobulin fraction was prepared by ammnim 
sulfate precipitation of total serum as previously described (15). 

Isolation of total liver mRNA: Total rat liver cellular RN& was purified by 
the Cdn-HCl method of Deeley et al. --. (16) Polyadenylate containing mRNA was 
isolated from the total RNA by affinity chramtcgraphy on oligo(dT)-cellulose 
as described by Aviv and Leder (17). 
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Preparation of wheat germ extract and translation in vitro: Nuclease-treated 
reticulccyte lysate translation system (19) was purchased from Bethesda 
Research I&oratories, Maryland. Wheat germ extract was prepared by the 
mew of Davies et al. (18). A total incubation mixture of 50 ul contained -- 
20 ul wheat germ extract and 30 ul of a mixture ccmposed of 10 r&l Hepes (pH 
7.6), 3 nM dithiothreitol, 1.6 rtM ATP, 0.033 KM GTP, 13 KM creatine phosphate, 
2 ug creatine phosphokinase, 100 IIM KCl, 0.16 rrtrl magnesium acetate, 0.16 reel 
w&dine, 0.63 r&l 19 L 

P 
acids (minus mathionine or leucine), 8 uCi 

S-methionine or 10 uci H-leucine and various amunts of mRNA; H20 was 
added to adjust the volume of 30 ul. The reaction was carried out at 25°C 
for differing periods of tine. At the end of an incubation period, 5 ul 
aliqmts were precipitated in 1 ml 10% trichloroacetic acid, heated to 95°C 
for 10 min, cooled in ice, and filtered on glass-fiber filters. The reminder 
of the reaction mixture was used for quantitation of inmunoprecipitable apoE 
synthesized in vitro. -- 

Quantitation of imumprecipitable apoE synthesized in vitro: Inactivated 
Staphylcoccus aureus Cman I strain (Pansorbin, Calbiochem) were extensively 
washed and prepared according to the method of Kessler et al. (20). The -- 
wheat germ reaction products were first centrifuged at 105,000 x g for 60 min 
at 4°C. The supernatant fraction was then incubated with 30 ul of prewashed 
Pansorbin at roan temperature for 5 min. Pansorbinwas rmvedbylcwspeed 
centrifugation. Newly synthesized 3H- or 35S-apoE was precipitated in a 
reaction mixture containing 0.5 ul rabbit anti-rat apoE IgG and 300 ul of 
TNENN buffer (50 reel Tris, pH 7.5, 0.15 M NaCl, 5 r&l EUTA, 0.02% NaN3, 0.5% NP- 
40, containing 10 nM leucine or 10 nM methionine) per 100 ul of the reaction 
product. lhemixturewas incubated atramteqerature for 2hr and thenat 
4°C overnight. Fifteen ul of Pansorbin was added and the mixture was gently 
shaken at 4'C for 40 min. The Pansorbin was collected by lcx-speed centri- 
fugation. It was layered on tcp of a 1 M sucrose cushion in TNENN buffer 
and centrifuged at 2000 x g for 20 min. After another wash with TNDJN buffer, 
inmnmcprecipitated product was released frm the bacteria by incubation in 
2.5% SDS, 10% glycerol, 5% mercaptoethanol and 65 zM Tris-HCl, @I 8, at 95'C 
for 5 min. It was either counted directly by scintillation spectrophotcxtetry, 
or further analyzed by SE gel electrcphoresis. 

Processing of putative apoE precursor: Dog pancreatic microscmel membrane 
fractions were isolated by the method of Shields and Blobel (21). They wsre 
added to the translation mixture at a concentration of 8 ul (15 A260 units/ml) 
per 30 ul reaction, prior to the initiation of translation. Ismmoprecipitated 
products were analyzed by SDS-slab gel electrophoresis and visualized by fluoro 
graphy as previously described (22-24). 

Effects of endoglycosidase-H cm translation prcducts: Cell-free translation 
products were treated with endoglyccdase-H (Miles L&oratories, Indiana) as 
described by M. Bielinska and I. Boime (25) with minor ncdifications. Insuno- 
precipitated products were suspended in 50 nM scdiun acetate pH 5, 0.1 M 
mercapt oethaml, 0.5% Triton X-100, 0.8% SDS, and heated at 95°C for 5 min. 
The products released frun the Pansorbin were then incubated with 0.05 units 
of endcqlycosidase H, 20 ug of bovine albmin for 18 hr at 25°C. The reaction 
was stopped by addition of 10% trichloroacetic acid. The trichloroacetic 
acid precipitates were dissolved in 65 nM Tris-HCl, pH 8, 5% marca~l, 
10% glycerol, 2.5% SDS, and analyzed on 10% SDS-polyacrylamide gel electrophor- 
esis as described &cove. 
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Fiq. 1: Immmodiffusion of apqxoteins against raJkit anti-rat apoE. F&Wit 
anti-rat a@ serum was prepared as described in bterials and Methcds using 
purified apoE as antigen. The centerwallcontained 7 ulof thetotalantiserum 
Each of the wells contained 7 ul of the indicated antigens at 1.5 ug/ul: A. 
rat apoE: B. rat altin; C. rat apcC proteins; D. rat apoA-I; E. 
humnapoE. 

Results and Discussion 

ApoE purification and antisera production: I\poE was purified frcan total rat 

VLQL (d 2 1.006 g/ml) by the procedure described in Methods. It was hamgeneous 

by SIX and urea polyacrylamide gel electrophoresis, and had an apparent mol. 

wt. of 37,000. Amino acid ccqosition of purified rat a&mE was essentially 

identical to that reported by Weisgraber et al. (6) (data not s-1. Anti- -- 

apoE sera were produced in rabbits. Ori Cuchterlony plates, they were fcund 

to be specific for a@, and did not cross-react with rat albumin, apoc 

proteins, or a*-I. There was also no reactivity against human apoE (Fig. 

1). Imunoelectrophoresis of the antisera against apoE and delipidated rat 

plasm shmed a single precipitin arc and confirm that we have generated a 

n-onospecific antiserum (data not shwn). 

Translation of rat apoE in vitro: When total rat hepatic polyA FNA was trans- 

lated in vitro in a wheat germ system, there was a mRNA-dependent incorporation -- 

of 35S-methionine into TCA-precipitable proteins (Fig. 2A). The translation 

was linear for 90 min. When inmunoprecipitable 35S-apoE synthesized in - 

vitro, designated preapoE, was quantified by the procedures described in 

Methods, it was found to constitute about 1.5% of the newly synthesized pro- 
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Fis. 2A: Translation of rat liver poly(A)FNA in wheat gem extract in vitro. 
TCA-precipitable and imun recipitable counts were determined as described 
in Materials and Methods. "2;5 - S Methionine (8 uCi per assay) was the radioactive 
amino acid precursor used. Incubation was at 25'C for 60 min. Background 
counts (withcutmFNA) of 1,700 (TICA) and 100 (imun oprecipitable) were subtracted. 

Fig. 2B: sodium dodecyl sulfate acrylamide gel electrqhoresis of apoE syn- 
thesized in vitro. -- The inmuncprecipitable apoEinvitroproductwas analyzed -- 
on 7.5% polyacrylamide gel containing 0.1% SDS (13). At the end of electro- 
phoresis, 2 mn gel slices were cut, dissolved in 30% H92 and counted in 
ScintiVerse (Fisher Scientific Co.) as described previously (15). The am-m 
indicates the migration of plasma a@ loaded sinultamously cc another gel. 

teins (Fig. 2A). When the immnoprecipitated product was analyzed on a 7.5% 

acrylamide gel in SDS, only a single band of radioactive products, approxi- 

mately the sam size as plasma apoE, was identified on the gel (Fig. 2B). 

To further confirm the specificity of the preapoE translated in vitro, a -- 

nmber of ccxtpetition experiments were performsd (Fig. 3). The addition of 

unlabeled ratapoEtothe inmunoprecipitation procedure was found to abolish 

the radioactive band. In contrast, the addition of another protein, ovalbumin, 

did not result in any detectable inhibition. Furthermore, &en nonimune 

serum was substituted for anti-apoE serum, the radioactive band was absent. 

Processing and endoglycosidase H sensitivity of preapoE: Even thoughprepoE 

had the same nobility as plasma apoE on SDS gels, since apoE is a secretory 
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Fiq. 3: Antibody spcificity of apoE synthesized in vitro. Total Mona was 
translated in vitro using 35S-methionine as the l&&xno acid pre- 
cursor as described in Methcds. lhe figure shows the products, visualized 
by fluorography, sepIated on a slab gel (7.5% acrylamide, 0.1% SDS). 
Lanes (fran left to right) contain: (normal) imnmoprecipitation product 
using rabbit anti-rat apoE serm: (cold apoE) same as ncrmal, except 
that 50 ug of rat apoE was included in the imunoprecipitation mixture: 
(ovalbumin) same as normal, except that 500 ug ovalbumin was included: 
(-mRNA) the imunoprecipitation was performed on a wheat germ assay 
without the addition of exogencxls rat liver: I@.NA (nonimune serum) 
sane as norm+, except that a non inmne senmwas used for the imuno- 
precipitation instead of the rabbit anti-rat apoE antiserum. 

protein, we were interested in whether a signal peptide-containing precursor 

is the initial translation product (26). Whendcgmicroscmalmmbraneswere 

included in the translation reaction, preapoE was cleaved into a smaller 

peptide (Fig. 4A). However, the change in size of the product was minimal 

( 500 daltons). This could be explained either by a very short signal peptide 

of 3-5 amino acids, which muld be unprecedented (27), or by sme further mod- 

ification of the processed product resulting in an aberrant mobility on SDS 

gels. To test whether sme form of core glycosylation might be involved in the 

post-translational mdification of apoE, we incubated the various translation 

products in the presence of endqlycosidase H, which cleaves between the two 

N-acetylglucosamine units of a mnnose-rich core region in serum-type glycopro- 

teins (28) (Fig. 4B). Indeed, endoglycosidase H specifically cleaved microsural 

membrane processed apoE into smaller products, but did not affect unprocessed 

preapoE. (The minimlchange inml. wt. on incubatingpreapoEwith emkglyco- 
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Fiq. 4A: Processing of 35S-preapoE. Translation in vitro was performad as 
described in Wthcds. Translation products ware ZiGGi~ecipitated, separated 
on 10% acrylamide gel in 0.1% SDS, and visualized h fluorcgraphy. Lane 1: 
Translation in the absence of dcg micrcsana 1msMxanes. Kane 2: Trsnslaticn 
in the presence of dog pancreatic rnicrosonal membranes. lhenol. wt. standards, 
are from top to lmttcxn: F?ovine serun albunin (67,000). ovalbmin (45,000). 
rat apoE (37,000), lyeozyne (14,300). 

Fig. 4B: hdcglyccsidase H sensitivity of translation products. Sanples 2 
prior microsaml mmbrane treatment were incubated for 18 hr at 25°C with 
the various curpcoents as described in ~ethcds. They were analyzed by 10% 
acrylamide slab gel in 0.1% SDS and visualized by fluorography. Poaition of 
rat plasma apoE is indicated by the arrm. ml, dog micrceanalnmnbranes 
added during translation; FMX) H, endoglycceidase H added: TPA, trasylol 
added. 

sidase H, appar& in Figure 4B [lane 2] is due to minor protease mtamination 

of Miles endoglycosidase H, and is ampletely inhibited by the inclusion of the 

protease inhibitor Trasylol [lo KIU, Mobay Chemical Co., N.Y.] in the incuba- 

tion mixture.) There are tm mjor and one minor erxkglycosidase H prcducts 

franproces sed apoE which are quite reproducible. This suggests that there 

may be different sites of enzyme-sensitivity in the glycosylated protein. 

Thus, we have demns trated that rat apoE is synthesized via an mdoglyco- 

sidase H-sensitive intermediate. Sincethematureplasmaproteinis~~to 

be a glyccprotein (6), our findings are caqxtible with a mnmse-rich inter- 
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mediate(s) in the biosynthesis of apoE. It is interesting that under similar 

conditions, plasna apoE is not cleaved by endcglycosidase H (data not shcwn). 

This is probably due to the addition of peripheral sugars, like fucose, or 

of sialic acid (6), presunably in the Golgi membranes (28), which results in 

an endoglycosidase H-resistant glycoprotein. Such subsequent nrdification 

of preapoE also results in further changes in the rrobility of the protein on 

SE6 gels so that it assumes the apparent size of the mature plasma protein. 
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