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Recombinant cDNA clones that code for apolipoprotein B(apoB) were 
isolated from a rat liver cDNA library, using synthetic oligonucleotide 
probe derived from the sequence of human apoB cDNA. The nucleot ide and 
deduced amino acid sequences of the rat apoB clone pRB5, 1.2 kb in length. 
showed 83% and 84% homology to those of human apoB. Northern blot analysis 
revealed that rat. apoB cDNA probe cross-reacts with human and rabbit apoB 
mRNA sequences and the size of those mR’\IAs, approximately 15 kb long, were 
not discernibly different. In addit.ion. apoB mRNA was abundant only in the 
liver and intestine. Finally. cholesterol feeding to rats for six weeks 
resulted in a several-fold increase in the level of apoB mRNA in the !iver. 
0 1987 Academic Press, Inc. 

Apolipoprotein B (apoB1 is the principal apolipoprotcin of chylomir.- 

rons, very low density lipoprotein IVLDLI, and low density lipoprotein 

(LDLl Il-41. In rat. plasma. as well as in human plasma, apoB is heterose- 

neous and exists in two major forms, apo B-100 and B-48. ApoB-100 is 

synthesized by the liver and is secreted on triglyceride rich VLDL, while 

apoB-48 is synthesized by the intestine and liver in the ratC51. The struc- 

ture and physicochemical properties of apoB have been studied for nearly a 

d.ecade. It has been difficult to analyze apo B because delipidated aPoB ii: 

insoluble in aqueous solution and sensitive to protease cleavaseE2. 6-103. 

Only a limited number of works has been performed, as to the reWatio!i of 

awB synthesis in vivo. Studies of intestinal and hepatic apoB synthesis in 

response to fat administration have produced conflicting resultsEll-131. 

Recently, several groups reported the isolation of partial cDNA clones 

for rat and human apoBC14-171. Yet, the regulation of expression of apoB 

mRNA is unclear. To determine the primary amino acid sequence and to eluci- 

date the biosynthesis and processing of apoB. we have isolated and charac- 
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terized the cDNA of rat liver apoB from a rat liver cDNA library. Using the 

cDNA, we also examined the distribution of rat apoB mRNA in various tissues 

and the effects of cholesterol feeding on the expression of the apo B 

protein. 

EXPERIMENTAL PROCEDLlRE!Z 

Animals ---All rats used were of the Sprague-Dawley strain, obtained 
from Nisseizai Laboratories(Tokyof. Male rats weighing 180-200 g were 
maintained on a standard diet of laboratory rat chow. For studying the 
effect of cholesterol feeding to ape B synthesis, rats were fed milled rat 
chow supplemented with 2 % cholesterol, 0.5 % cholic acid, and 10 X coconut 
oil for 6 weeks. All animals were allowed to feed ad libitum. 

RNA preparation--- Tissues were excised, rinsed with cold saline, and 
quickly frozen in liquid nitrogen. Total RNA was extracted from pulverized 
frozen tissue by the guanidine thiocyanate method of Chirgwin et al. 1181 
Poly(A+)RNA were enriched by oligo(dTl-cellulose chromatography. 

Construction and screening of the rat liver cDNA library---Rat liver 
mRNA was used for cDNA synthesis by the method of Gubler and Hoffman1191 and 
double stranded cDNA was cloned into lambda qt. 10 vectors essentially as 
described by Huynh et alC201 and Young and DavisC211. After packaging the 
DNA in vitro the phage were amplified on Escherichia coli C600hfl . 

Rat apoB cDNA was identified from the rat liver cDNA library by the 
technique of oligonucleotide hybridization. The oligonucleotide probe used 
to screen the cDNA library was DNAs 26 nucleotides long, custom synthesized 
by YAMASA biochemicals(Choushi, Chiba): 5’-dCATGCCCATATTTGTCACAAACTCCACl-3’. 
This sequence was derived from that of human apoB cDNA recently reported by 
Deeb, et alC151, and corresponded to the amino acid sequence -Val-Glu-Phe- 
Val-Thr-Asn-Met-Gly-Ile- belonging to peptide R3-1 1221. The oligonucleotid8 
was radiolabeled at the 5’ end to a spec$$ic activity of approximately 2x10 
cpm per microgram by transfer of [gamma-’ PIATP by using bacteriophage T4 
polynucleotide kinaseC231. 

Phase were plated at a density of 5 x lo3 phase per 150 mm plate, and 
plaques were transfegred to “Plaque Screen” filters (I&w England Nuclear). 
Approximately 2 x 10 plaques were screened with the P labeled oligo- 
nucleotide probe. 

DNA sequence analysis---Phage DNA was prepared and cloned DNA fragments 
were subcloned into the plasmid vectors, pUC18 or 19, before sequencing. DNA 
sequencing was performed by the dideoxynucleotide-chain-termination method 
of Sanger et alC241. 

Hybridization analysis 8f apoB mRNA---Total or poly(A’) RNA were dena- 
tured with glyoxal (lh at 50 1, fractionated by electrophoresis through 1.1 
% agarose gels containing 10 mM sodium phosphate,,pH 7.0, and transferred to 
nitrocellulose filtebs. Filt$ss were baked at 80 C for 2h, prehybridized, 
and hybridized at 42 C with I: PlcDNA labeled by “nick translation”. Prehyb- 
ridization was performed in a solution containing 5x SSPE buffer, 5x Den- 
hardt’s solutiot), 1% SDS, and lOOug/ml of heat-denatured salmon sperm DNA 
for 6-12h at 42 C. Hybridization was performed in thg same solut&n contai- 
ning 10% dextran sulfate with the addiiion of 5 x 10 cpm/ml of ,P-labeled 
cDNA probe (specific activity about 10 cpm /ugl for 24-36h at 42 C. F&l-’ 
ters were washed twice at 50 C with 2x SSPE and 1% SDS, and twice at 50 C 
with 0.1x SSPE and 0.1% SDS, air dried, and exposed to X-ray film (Kodak 
XAR-5 ) . 
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REXJLTS 

Isolation of apoBcDNA clones---X base-lo119 01 igonucleot ide was used to 

probe a ral liver &N!Z library for ;ipoI ipopr’oteiti 13 ‘ilYC1 f i (: L;c?qIlWCCY. 

Four POS i t i ve clones were i dent i f i ed f ram amonc!st about 2 Y 10 4 recombi uant 

phaqeti through twc? or three rorlrKls (Jf pi &me hvbr i tl i %a t I on, The l:coRI- 

digested fragment from these clones were M)r:loned into EcuRJ restriction 

site of pla~mid plJC19. One (:J.r?ne. designated pHB5 was sub jectetl to further 

restriction mapping and then sequencing. 

Restriction mapping and sequence analysis of pRB5 clone---A restric3 iori 

endonuoI!-tase c.‘leavage map of the pRB5 clone is iIlust.r;atrd IH Fig. I. The 

overal 1 1 ength of the sequence is 1159 nucJeotictec;(Fig. 2). Thr\ oligo- 

nlfc~i eclt i dc probe sequenrt: i s detect e(l ;rt IIW] wt. j de ~0.5 i t ion 778 awl j ~lcw- 

tical to the sequence of rat apoB cDNA. except fat’ nucleotide 778 CG in the 

human apoF cDNA is substituted to T in the rat 1. The c-or‘rec-t readi ny frame 

of the nucieotide sequence of pRB5 war; a%~tained by the ident if if-at ion of 

the homology with the nurleot ide and derived amino-acid sequence of 11~ RX-1 

pept ide pl’eF;elit i II human apoB100. Thi‘: (-lone represented an Irninterrtlpte~l 

reading frame c‘oding 1386 amino acids. p~~)bahly an iniernal segment of the 

rat a.poB mRNA because i t contained ne i t her un1 ransi a t ed f 1 ank i ng sequenc.es 

nor a 3’ terminal poly(tlA), 

A Partial cDNA sequenre for ~~a1 +wH. ir;olated by antibody screening by 

Lusis et al C 141. does not overlap any port ion of ~~1’s. On the other hand, a 

comparison of our sequence with several human apoB rDNAs shows a homology 

with a sequence reported by Law et al. J171. The extensive homology occurs 

between human apoB mRNAs and thej r correspondi ng prot ej ns CFi g. :31 , 8% of 

, < I 
< , ‘ , 

- 
1oolzQ 

Fig. 1. Partial restriction map and sequencing strategy for the insert of 
plasmidpRB5. The extent and direction of sequencing are indicated by the 
arrows. Sequence was determined by the dideoxy methods. The 5’ and 3’ termi- 
ni indicate the orientation of the coding strand. bp, base pairs. 
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I 00 
TCT CGA CTT CCA ACG ATC ATC CAC TTC ACA AAA T T T  TCC CC4 AAC T A T  CAA A T T  TC(‘ AAA Tfl Cl-T TCT A T T  CCA I-TG T T T  CAC CCA GTC 
Ser-Arx-L~-Pro-Thr~II~-kt-Asp-Phe-Arx-Cys-Phe-Ser-Arx~Asn-Tvr-Gln-Iie-Ser-Lvs-Ser-Val-Ser-lI~-Pro-Leu-Phe-Asp-Pro-Val 

I80 
TCA GCC AAA ATC CAA GGG AAT CTT GTA T T T  CAT CCA AGC AGT T A T  CTT CCC AAA CAA AK ATG CTG AM ACA AK I-TC ACC GTC Tll GGA 

~r-Ala-Lys-Ile-Glu-GIy-Asn-L~-Val-Phe-Asp-Pro-Ser-Ser-Tyr-L~-Pro-Lys-Glu-~r-~t-L~-Lvs-Thr-Thr-Ler~-Thr-Val-Phe-Glv 
270 

A T T  GCT TCA CTT CAT CTC T T T  GAG A T T  GGT T T A  GAA C&A AAG Ccc T T T  GAG CCA ACA CTC GAA GCT CTT T-l-T GGT AAC CIA C&A TTC 7-K 
Ile-Ala-Ser-L~u-Asp-Leu-Phe-Clu-llr-Cly-L~-Glu-Gly-Lys-Gly-P~-Glu-Pro-Thr-L~-Glu-Ala-L~-P~-Glv-Lvs-Gin-Glv-P~-P~ 

360 
CC4 CAT ACT CTC AAC AAG GCT T T G  T A T  TCC GTC AAT GGT CAA CTT CCA CAT ‘XT CTC TCC AAG GTC T T G  CTA GAC CAC T T T  Ccc TIC ACT 
Pro-4sp-Ser-Val-Cn-Lys-Ala-Leu-Tyr-Trp-Val-Asn-Gly-Gln-Val-Pro-Asp-Arx-Val-~r-L~-Val-L~-Val-Asp-H~s-P~-Glv-Tvr-Thr 

450 
AAG CAT GAC AAA CAT GAA CAG GAC ATG GTG AAT GGA ATC ATG CCC A T T  GTG GAC AAG TTC 4TC AAA GAA CTG AAA TCT AAA GAA All CCT 
Lys-Asp-Asp-Lys-HIs-Glu-~ln-Asp-~~-Vai-Asn-Gly-Ile-kt-Pro-lle-Val-Asp-Lvs-L~-Ile-Lvs-GIu-L~~Lvs-Sr-Lvs-Glu-Ile-Pro 

540 
GAA GCC AGG CCC T A T  CTC CK ATC CTA CGA AAA GAG CTT Ccc T T T  GTC AC& CTC CAA GAC CTC CIA GTC CTG GGA AAG T T A  CTG CTG AAT 
Glu-Ala-Arx-Ala-Tyr-L~-A~~-lle~LeU-Gly-Lys-GI~-LAl-Gly~Phe-Val-Arx-Leu-Gln-Asp-Leu-Cln-Val-L~-C.lv-Lys-Leu-Leu-leu-bn 

630 
GGT NC CAA ACT T T T  ccc GGA GTG ccc CAG ATG A T T  GTA CAG ccc ATC Aw GAA CCA TCA AAG CAT GAC T T G  m  CTC r4c T A T  ATC TTC 
Gly-Ala-Gln-Thr-Phe-Arx-Gly-Val-Pro-Gln-kt-lle-Val-Cln-Ala-lle-Arx-Glu-Glv-Ser-Lvs-Asp-Asp-t~-Phe-~~s-Tvr~IIr-PhP 

723 
ATG l;AG AAT GO T T T  GAG CT(‘ 1-K ACT GGA GTA KG CTA CAG CTG CIA GTG TCC TCA T T T  GGA GTC TTI ’  ACI CCT IX& ATC AAG GCT GGT 
kt-Glu-Asn-Ala-PRe-Glu-Leu-Pro-Thr-Gly-Val-Gly-L~-Gln-L~-Gln-Val-Ser-Ser-~r-Glv-Val-Phe-Thr-Pro-~;lv-Ile-Lvs-4la-Llv 

810 
GTG AGA CTG GAG T T A  GCC AAT A T T  TAG GCA GAG CTA GTG KA AAA CCC TCT GTG TCT T T G  GAG T T T  GT(, ATA AAT ATG W Al(‘ AK ATC 
Val-Arx-L~-Glu-L~-Ala-Asn-Ile-Gln-Ala-Gl~-L~-Val-Ala-Lys-Ala-Ser-Val-Ser-L~-~;l~~-Phe-Val-Thr-Asn-kt-Glv-Ilo-ll~-Il~ 

900 
U-A GAC TTC GCT AAG AGC GGT G T T  I-AC 4TG AAT ACA AAC TT(‘  TTC CAS GAG TCA rx- CTG GAG CX-T CGA CTG csr CTC AAC G-T r& CAG 
Pro-4sp-Phe-Ala-Lrs-Ser-Cly-Val-Gln-~t-Asn-Thr-Asn-P~~P~-H~s-Gl~~-~r-Glv~L~-Gl~~~Ala-Arx~Val~Ala-L~-Lvs-Ala-Glv~Gln 

!390 
CTG AAG GTC ATC A T T  CCT TCT crG ~412 ACC rcc GTC AAG rx TTC ACT rn A(:(; AAC ICC c-T17 at- CTG GTC TCT Act Act AAA brc CAA 
Leu-Lys-Val-lle-lle-Pro-Ser-Pro-Lys-Am-Pro-Val-Lys-Leu-Phe-Ser-Clv-Thr-Asn-Thr-L~-H~s-L~-Val~~r-Thr~Thr-Lv~~Thr-Glu 

iofm 
GTG An- rrA rcT T T G  A T T  GAG AAC AGG AAG TCC TrL TCA ACT TGC AAI; CCT TTC TTC AK rn;c AT(; AAC TAr T G T  Act ACA m  I~T TAC 
Val-IIr-Pro-Pro-Leu-lle-Glu-Asn-Arx-Lys-~r-Trp-Ser-Thr~~ys-Lys-Pro-Phe-P~-Thr-l~lv~~t-Asn-T~r~~~vs-Thr-Thr-~~lv~~la~Tvr 

TCT AAT CCC AGC TCI- ACA GAG TCT WC TCT TAC TIC (‘I-A CTG ACA GGA GAC ATA AU; T A T  GAG CTG GAL T T G  AAG 
Ser-4sn-4la-Ser-Ser-Thr-Glu-Ser-Ala-Ser-Tyr-Tyr-Pro-L~~Thr~Gly-Asp-Thr-Arx-Tvr-Glu-L~-Gl~~-L~-Lvs 

Fig. 2. Nucleotide sequence and deduced amino acid sequence of clone pRB5. 
Theeic acids are numbered beginning at the first triplet of the cloned 
apoB sequence. 

t.he nucleotide positions uel-e identical and the correspondinq amino acid 

positions for this reqion of the protein showed 84% homology. To achieve an 

alignment with maximum homoloqy between hluman and rat apoB sequences, neit- 

her deletion nor insert ion wacj introduced anywhere. 

RNA blot hybridization analysis of rat and human apoB mRNA---ApoB VIRNA 

in the various rat tissues were evaluated by RNA blot hybridiza- 

tion analysis using a 1159-bp EcoRI-digested insert of pRB5 as a prohe. The 

labeled apoB cDNA clone hybridized to a single major RNA species corre- 

sponding in electrophoretic mobility to about 15 kb in the liver. Di f fuse 

hybridization in lower molecular weight reqions was observed. but it proba- 

bly represents partial deqradat ion of this very large mRNA species. ApoB 

mRNA was det ect.ed not only in the I I VW. but ;11so in the small intestine [Fig. 41. 

95 



Vol. 142, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

I 80 
Rat SRLPTlMOFRKFSRNVQISKSVSlPLFDPVSAKlEGNLVFDPSSVlPKE~LKTTLTVFGl~LDLFElGLEGKGFEPTL 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Human S(ILPTVMDFRKFSRNVQLVKSVSLPSLDPASAKlEGNLlFDPNNVLPKE~LKTTLTAFGFASADLlElGLEGKGFEPTL 
138 217 

160 
Rat EALFGKQGFFPDSVNKALVUVN~VPDRVSKVLVDHFGVTKDDKHEQ~VNGlHPlVDKLlKELKSKElPEARAVLRlLG 

. . . . . . . . . . . . . . . . . . ...*..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Human EALFGKQGFFPDSVNKALVUVN~VPffiVSKVLVDHFGVTKDDKHEQ~VNGlHLSVEKLlKDLKSKEVPEARAVLRlLG 
297 
240 

Rat KELGFVRLQDLQVLGKLLLNGAQTFRGVPQMlVQAlRECSKDDLFLHVlFHENAFELPTGVGLQLQVSSSGVFTPGlKAG 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Huaan EELGFASLHDLQLLGKLLL~ARTLQGlPQMlGEVIRKGSKNDFFLHVl~ENAFELPTGAGLQLQlSSSGVlAPGAKAG 
377 
320 

Rat VRLELANIQAELVAKASVSLEFVTNm;IIIPDFAKSG\rQMNTNFFHESLEARVALKAGQLKVIIPSPKRPVKLFSCTNT 
, . . ,, . . . . . . . . . . . ..a.......... . ..*............. . . . . . . . . . . . . . . . . . . . . . . . 

HURWI VKLEVAN~AELVAKPSVSVEFVTNffiIIIPDFARSGVQMNTNFFHESGLEAHVALKAGKLKFIIPSPKRPVKLLSGGNT 
457 

385 
Rat LHLVSlTKTMIPPLIENRKS~CKPFFTCMNVC~[TGAYSNASSTESASVVPLTGDTRVELELK 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Human LHLVSTTKTEVIPPLIENRQSVSVCKQVFPGLNVCTSGAYASVVPLTGDTRLELELR 
522 

Fig. 3. Comparison of rat and human apoB amino acid sequence. The human 
apoB Protein sequence is taken from Ref. 21. The corresponding rat sequences 
are those shown in Fig. 2. The standard one-letter amino acid abbreviations 
are used. Neither insertion nor deletion of amino acid was introduced anyw- 
here to achieve an alignment with maximum homology to human and rat apoB 
sequences. 

s~~~tces and the size of t ho.se mNNAs were noi d i :jcern i b1 y di f f erent as 

judged bs mobility on agarose gelstdata not shown). This IWIII t is in 

nsrec?ment with r,tttent 1~ pub1 i shed data C I4- 17 1 . 

Effect of cholesterol feeding on apoB mRNA---Six weeks later. serum 

cholesterol concentrations in cholesterol-fed rats were approximat,ely six- 

12 3 4 5 

15kb - 

Fig. 4. Tissue distribution of apoB mRN$. Northern blot hybridization of 
electrophoretically fractionated PolyfAl RNA. Each line contained 5ug of 
Poly(A1 RNA isolated from (llrat liver, (21intestine, (3)kidney. (4)sPleen, 
(5)brain. The filter tere exposed to x-ray film(Kodak XAR-51 with an inten- 
sifying screen at -70 C. The size of 15-kb mRNA was estimated by ComParison 
to HindIII-digested lambda DNA fragments. 
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LIVER INTESTINE 

I 2 1 2 

Fig. 5. Effect of cholesterol feeding on apoB mRNA. Male SD rats. 180-200s. 
w-maintained on normal rat chow or. for a period of six weeks, on a 
cholesterol-rich dietcdescribed under “Materials and Methods”). RNA was then 
isolated from the liver and intestine, fractionateg2electrophoretically. 
transferred to a nylon filter and hybridized with P-labeled apoB probe. 
Each sample contained 25ug of total RNA. 

fold higher than those in c-,ontrol rJtS. \$e Illt:A’jllt’f?f~ 1 tit’ ri’l J 1 i f:t? 

amount of apoB mRNA in the two ma jot- 1 i:,sLies involved in apol I p!Wot?i II B 

synthesis. liver and intestine. The amount of apoP mRNd 111 the liver ~a:) 

apparently higher jn rats maintained in a high ~.holesterol duet than in t-~t~ 

maintained on a normal diet. On the other- hand . there was no d I scerni hl p 

change of the abundance of apoB mRNA in the i titestineCFig. 51. 

DISCUSSION 

Several important conclusions have emerged from these stlrdies. First. 

we have presented the sequence of a I. i “-kilohase fragment of rat apoB cDNA 

cloned in the phage vector lambda 910. Second. the express ion of apoB mRl\lA 

showed a high degree of organ specifici ts. It is synthesized onls in the 

liver and intestine. Finally, apoB production in the liver Inc,reased al !!te 

level of mRNA in response to cholesterol feeding. in the rat. 

The rat apoB cDNA clone pRB5 represented an uninterrupted reading fr‘n~ 

coding 386 amino acids. On the basis of 1 imiterl sequencing alld cross-hyhri-- 

dization analysis, rat apoB appears ,to be highly homologous to human apoB. 

The overall nucleotide and deduced amino acid homology between rat and 

human1171 is 83% and 84X, respectively. RNA blot nnalysi s showed thii r,++ 
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apoB cDNA probe cross-reacts with human and rabbit apoB mHNA sequences and 

the size of those mRNAs was not discernibly different. 

The tissue distribution of apoB mRNA with abundant. expression in the 

liver and intestine. is consistent with that. expected on the basis of pro- 

tein production and secretion. Blue et alC25J reported that a protein immu- 

nologically related Lo apoB was found in rooster kidney. as well as in the 

liver and intestine. There might be some difference III ape R metabolism 

bet ween mamma 1 i arts and rooster . 

We have studied the effect of rholesieroi feeding on ap,oB synthesis at 

the level of mRNA in rats. The data indicated that in the livr?~ Ihere was a 

significant increase of apoE mRNA in response to cholesterol feedinq. Howe- 

ver, Davis et alC261 reported that dietary cholesterol does not affect the 

synthesis of apoB by rat cultured hepatocytes. Schonfeld et al I I I J dcmon- 

strated an increases of apoB protein in rat intestinal miuc’osa after adminls- 

tratioa of fat. However, apoB mRMA level in the small intestine was not 

elevated in our study. The exptanat ion c)f these dis(‘repanc,itts is unl:,lear and 

requires further invest isat ion. 
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