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A cDNA l i b ra ry  was constructed from rat l i v e r  polyadenylated RNA 
using the expression vector ~gtll-Amp3. Several clones expressing antigenic 
determinants for rat apol ipoprotein E were i den t i f i ed .  The cDNA inser t  in 
one clone was fur ther  characterized and found to have a su f f i c i en t  length 
(1120 base pairs) to code for fu l l  length apol ipoprotein E. Restr ic t ion 
mapping and nucleotide sequencing showed the clone to contain the coding 
region for  apol ipoprotein E flanked by about 120 nucleotides at the 3 ' -s ide  
and by about 64 nucleotides on the 5 ' -s ide .  One of the proteins produced by 
the clone was found to be a prokaryot ic/eukaryot ic hybrid protein reacting 
with antibodies to both bacter ial  B-galactosidase and rat  apol ipoprotein E. 

The synthesis of 3 mammalian plasma proteins,  i . e .  human serum 

albumin ( i ) ,  rat ~1_acid glycoprotein (2) and rat major acute phase 

~ l -pro te in  (3),  by bacteria transformed with recombinant plasmids has been 

reported recent ly.  In the fo l lowing,  we describe the synthesis of a protein 

possessing antigenic determinants of rat apol ipoprotein E by E. co l i  BTA282 

which had been infected with a recombinant bacteriophage derived from 

~gtll-Amp3. 

METHODS 

Reagents and Bacterial Strains 

DNA polymerase I ,  r es t r i c t i on  endonucleases EcoRI, Taql, Bgl I ,  $1 
nuclease, T4 l igase and alkal ine phosphatase were from Boehringer Mannheim, 
EcoRI l inkers ,  Sst l ,  and other res t r i c t i on  nucleases from New England 
Biolabs, EcoRl methylase from Bethesda Research Laboratories, reverse 
transcr iptase from J.W. Beard (National Ins t i tu te  of Health), ol igo(dT) 
and o l igo(dT)-ce l lu lose from PL Biochemicals, Bio-gel A-50m from BioRad,l~E~ 
membrane f i l t e r  (NA-45) and n i t roce l lu lose  sheets from Schleicher and Sch~l l ,  
and [JLP]dATP from the Radiochemical Centre, Amersham. E. col i  s t ra ins C600, 
LE 392, RY 1073, RY 1082 (4) and bacteriophage ~gtlO were provided by R. 
Young, T. Huynh and R. Davis (Stanford Univers i ty ) ,  the bacteriophage vector 
~gtll-Amp3 (5) and the lon- mutant BTA282, an R-M + der iva t ive  of RY 1082 
produced by transduct ion, by D. Kemp (Melbourne) and Biotechnology Aus t ra l ia ,  
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respect ive ly ,  and antiserum against B-galactosidase by R. Anders (Melbourne). 
Antiserum against apol ipoprotein E was prepared as described elsewhere (6),  

Construction of cDNA Clones in ~gt11-Amp3 i Immunochemical Screening of 
Colonies 

The ~gt11-Amp3 l i b ra r i es  were constructed as described by Kemp 
et a l ,  (5) except that cDNA methylated with EcoRl methylase was fract ionated 
on a Bio-gel A-50m column pr ior  to l i ga t ion  w1-Ti-~ the EcoRl cleaved XgtlO DNA° 
The amplif ied cDNA inserts were then excised using endonuclease EcoRl and 
inserted into the ~gtll-Amp3 vector, Colonies infected with ~gtll-Amp3 were 
grown on n i t roce l lu lose  f i l t e r s  and immunochemically screened (5),  
Experiments were carr ied out under Cl containment condit ions of the Committee 
on Recombinant DNA Molecules of the Austral ian Academy of Science, 

Preparation of Bacteriophage x and DNA Extracts 

Large amounts of bacteriophage ~ from one recombinant, named XAPE3, 
were prepared (7) and co l lected,  a f ter  u l t racen t r i fuga t ion ,  at the inter face 
of a step gradient of 3 M over 5 M cesium chlor ide,  DNA was extracted with I 
volume formamide and precipi tated with 2 volumes ethanol. 

Isolat ion and Characterization of Apolipoprotein E Insert 

Digestion of recombinant ~DNA with EcoRl, separation of fragments by 
electrophoresis in polyacrylamide gel and res t r i c t i on  mapping of DNA followed 
conventional methods (7),  

Western Blot t ing and Nucleotide Sequencin 9 

Proteins separated by electrophoresis in a 7,5% polyacrylamide gel 
containing 0.1% sodium dodecylsulfate were transferred e lec t rophore t ica l l y  
onto n i t roce l lu lose  sheets (8) and incubated with antiserum against 
B-galactosidase (1:2000 d i lu t ion )  or against apol ipoprotein E (l:l~pOOz ° l  
d i l u t i o n ) ,  Af ter  washing, the n i t roce l lu lose  sheets were treated with - 
labeled protein A (40-70 Ci /g) ,  washed again, dried and exposed for 15 hours 
on XRP-film (Kodak) using an in tens i fy ing screen, DNA sequencing was 
performed according to Maxam and Gi lbert  (9).  

RESULTS 

Construction of Recombinant XgtlO and Xgt11-Amp3 Librar ies 

In the preparation of recombinant LgtlO, I ~g polyadenylated RNA was 

copied into cDNA giving a tota l  of 2,2 x 107 recombinants° The cDNA 

amplif ied in xgtlO was l igated into the EcoRl s i te of xgtll-Amp3, A ~gt11- 

Amp3 l i b ra ry  with 16,000 recombinants (of  which 94% had inserts)  was screened 

for  the expression of apol ipoprotein E, 

Iden t i f i ca t ion  of Clones Expressin 9 Apolipoprotein E 

I n i t i a l  screening of 9,000 ~gtll-Amp3 cDNA colonies resulted in the 

detect ion of eight colonies which reacted strongly with antiserum against 

apol ipoprotein E (Fig. IA), Posit ive colonies were streaked out to achieve 
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Figure 1. 

B 

Examp]e of inrnunological screening of E. col i  colonies with 
antiserum against apolipoprotein E ( d i ~ i o n  1:15000). Colonies 
binding antibody were detected using ~J l -p ro te in  A followed by 
autoradiography as described by Kemp et a l .  (5), 

A. Primary Screening: N u m b e r s ~ c a t e  areas from which 
colonies were subjected to a second round of screening. (Areas 
situated on the margin were not,c_~nsidered since i t  was found in 
preliminary experiments that iZbl-protein A tends to st ick 
nonspecif ical ly to creases or margins of n i t roce l lu lose sheets,) 

B. Secondar X Screening: Apolipoprotein E expressing colonies 
1, 2 and 3 were derived from areas 1,2 and 3 respectively from A. 

co lon ies der ived from s ing le  c e l l s  which were then screened again w i th  

ant iserum. Five co lon ies were obtained in t h i s  way from the e ight  o r i g i n a l  

co lon ies  (F ig .  IB ) .  

Charac te r i za t ion  of  Inser t  

From one co lony,  con ta in ing  ~APE3, the cDNA i n s e r t  was excised w i th  

endonuclease EcoRl. I ts  s ize was determined by comparing e l e c t r o p h o r e t i c  

m o b i l i t y  in a 2% agarose gel wi th tha t  of  E c o R l / H i n d l l l ,  and Pst l  fragments 

of  w i ld  type xDNA to be 1120 base pa i rs  (F ig .  2) .  Digest ion w i th  r e s t r i c t i o n  

endonucleases Ss t l ,  Taql,  Bg l I ,  and EcoRl led to the cons t ruc t i on  of  the 
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® 
Figure 2. 

Figure 3. 

STOP G STOP E START E START G 

--1531-123 +!: 933 b p ,16++1- 3018 +,.I 
bp bp bp bp 

• (311Aa) (21~ Aa)(1006 AQ) 

Q 1120 bp ~l 

Determination of the size of the insert in ~APE3 by 
electrophoresis in a 2% agarose gel. Lanes 2 and 4 (counting 
from l e f t  to r igh t ) ,  insert excised with rest r ic t ion endonuclease 
EcoRl. Lanes I and 3, molecular weight marker fragments prepared 
from wild type ~DNA by digestion with endonucleases EcoRl plus 
H ind l l l ,  and Pstl, respectively. Direction of migration was from 
top to bottom. 

Restriction map of ~APE3. Sites of cleavage by rest r ic t ion 
endonucleases are designated by arrows. The section coding for 
apolipoprotein E in the l i ve r  is indicated by the dotted region 
( I i ) .  The clear area represents the section of nucleic acid not 
translated in the l i ver  ce l l ,  but which is translated in the 
bacteria. The solid area (not drawn to scale) outlines the 
section of DNA coding for B-galactosidase, and the hatched area 
corresponds to other phage DNA. Start G and stop G indicate stop 
and start signals, respectively, for B-galactosidase. Start E 
and stop E represent start and stop signals for apolipoprotein E. 
bp, base pairs; Aa, amino acids. 

r e s t r i c t i o n  map shown in Fig. 3. The r e s t r i c t i o n  map suggests that  the 

inser t  in ~APE3 extends beyond the region coding fo r  apo l ipopro te in  E of  933 

base pairs at both the 5' and 3' end. 

I d e n t i f i c a t i o n  of  Fused Polypeptides 

E lec t rophore t i c  separat ion and t rans fe r  of  ~APE3 prote ins from gels 

to n i t r o c e l l u l o s e  sheets permitted the immunochemical de tec t ion  of  a 

polypept ide of molecular weight 150,000 which reacted s t rong ly  with an t isera  

against  both B-galactosidase and apo l ipopro te in  E. Marker B-galactosidase 
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Figure 4. Analysis of synthesized protein by electrophoresis in a 
polyacrylamide gel, subseque~transfer to nitrocellulose sheets 
and binding of antibody and I-protein A. 

Lane 1 and 2 (from lef t  to r ight): Protein from BTA282 
infected with ~gt11-Amp3 (lane 1) or ~APE3 (lane 2) reacting with 
antiserum against B-galactosidase. The band near the upper end 
of lane I indicates the position of B-galactosidase (Mr 116,000). 
The arrow marks the position in lane 2 of the protein produced by 
fusion of B-galactosidase and apolipoprotein E (Mr 150,000). 

Lane 3 and 4: Protein from BTA282 infected with ~gt11-Amp3 
(lane 3) or ~APE3 (lane 4) reacting with antiserum against 
apolipoprotein E. A distinct band is obtained only for protein 
synthesized by BTA282 containing ~APE3. The position of this 
band is identical to that of the fused protein in lane 2. 

from parental BTA282 infected with Lgt11-Amp3 was observed as a major band of 

molecular weight 116,000 reacting with antiserum against B-galactosidase but 

not with antiserum against apolipoprotein E (Fig. 4). These results c lear ly  

demonstrate that ~APE3 codes for a chimeric polypeptide containing antigenic 

determinants from both apolipoprotein E and B-galactosidase. 

Ident i f i ca t ion  of the Insert in ~APE3 by Nucleotide Sequencin 9 

The nucleotide sequence was determined for two sections of DNA, one 

coding for amino acids 3 to 54 and the other for amino acids 266 to 344 of 

apolipoprotein E. The sequence obtained was ident ical  to that reported by 

McLean et a l .  (10). 

DISCUSSION 

From i ts  si te of synthesis, hepatocytes mainly, apolipoprotein E (Mr 

34000) is secreted into the bloodstream to cooperate with other apolipo- 

661 



Vol_ 119, No. 2, 1 9 8 4  BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

proteins in the transport of l i p ids .  Interaction of apolipoprotein E with 

receptors on cell surfaces (11-14) is involved in the exchange of l i p ids ,  

such as cholesterol ,  between tissues and blood l ipoprotein part ic les (15). 

Altered apolipoprotein E, produced by expression in E. coli of in v i t ro  

mutated recombinant bacteriophage, could be useful as a probe to study th is 

interact ion.  
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