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Abattract The amino acid sequence of rabbit cholesteryl ester 
transfer protein (CETP) has been obtained from cloned cDNA 
and genomic sequences. The 496 amino acid rabbit CETP has 
an overall sequence homology of 81% compared to the 476 amino 
acid human CETP, with two-thirds of the amino acid substitu- 
tions being conservative. Like human CETP, rabbit CETP is ex- 
tremely hydrophobic, which is consistent with its function in the 
transfer of neutral lipids. The data implies extensive structural 
similarity between rabbit and human CETP. Rabbit CETP 
mRNA is estimated to be 2.2 kilobases in size, 300 nucleotides 
longer than the corresponding human mRNA, and contains the 
unusual polyadenylation signal sequence AGTAAA. In rabbit, 
CETP mRNA is found mainly in the liver, with small amounts 
also present in adrenal glands and kidney. In contrast to human 
spleen, rabbit spleen does not have detectable amounts of CETP 
mRNA. Northern blot analysis of liver poly(A) + RNAs revealed 
significant amounts of CETP message in human, rhesus, and rab- 
bit, and undetectable levels in pig, mouse, and rat, in agreement 
with reported plasma levels of transfer activity. - Nagashima, 
M., J .  W. McLean, and R. M. Lawn. Cloning and mRNA 
tissue distribution of rabbit cholesteryl ester transfer protein. J. 
Lipid Res. 1988. 29: 1643-1649. 
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Cholesteryl ester transfer protein (CEPT) is a plasma 
glycoprotein that functions to transfer neutral lipids among 
lipoprotein particles (1-5). Free cholesterol from peripheral 
tissues is transferred to high density lipoproteins (HDL) 
where it is esterified by lecithin:cholesterol acyl transferase 
(LCAT). CETP is capable of transferring cholesteryl esters 
in exchange for triglycerides to low and very low density 
lipoproteins (LDL,VLDL) which can subsequently be 
catabolized in the liver. In addition, CETP may be involved 
in the direct transfer of cholesteryl ester between plasma 
and cells or interstitium (6, 7). 

The plasma levels of CETP activity vary greatly among 
species, which may account in part for their distinctive lipo- 
protein profiles (8). Plasma transfer activity appears to be 
modulated by CETP mass and by circulating inhibitors (9). 
It has also been observed that species with relatively high 
plasma CETP activity such as humans and rabbits are sus- 

ceptible to diet-induced atherosclerosis, while species with 
low CETP activity such as rat are resistant to this disease. 
Thus, by altering the composition of plasma lipoproteins, 
CETP plays an important role in the metabolism of 
lipoproteins and may be involved in the development of 
atherosclerosis. 

Presently, there is little known about the regulation of 
CETP metabolism. In order to enhance the applicability 
of rabbit as a model system in these studies, we have iso- 
lated and characterized rabbit CETP cDNA and genomic 
clones using human CETP cDNA as a probe, and have 
investigated the distribution of CETP mRNA in rabbit tis- 
sues and in the liver of several other species. 

EXPERIMENTAL PROCEDURES 

Materials 
Restriction enzymes, Klenow fragment, T4  polynucleo- 

tide kinase, and T4 DNA ligase were purchased from 
Boehringer Mannheim and New England Biolabs. Rea- 
gents used for the preparation of RNA probes were from 
Promega Biotec. [ (u -~~PI -~ATP and [CX-~~PI -~CTP (3000 
Ci/mmol) and [Y-~~P]ATP (>5000 Cilmmol) were from 
Amersham. 

Isolation of rabbit CETP cDNA and genomic clones 
Both oligo(dT)-primed and randomly primed New 

Zealand White rabbit liver cDNA libraries in XgtlO vector 
(provided by David Leung and William Wood, Genentech) 
were screened with a 32P-labeled 1.36 kb Ava I fragment 
of human CETP cDNA (10). Following the plaque hybridi- 
zation at 42OC in 40% formamide, 5 x ssc, 50 mM so- 

Abbreviations: CETP, cholesteryl ester transfer protein; HDL, high den- 
sity lipoprotein; LDL, low density lipoprotein; VLDL, very low density 
lipoprotein; LCAT, 1ecithin:cholesterol acyltransferase. 
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dium phosphate (pH 6.8), 5 x Denhardt’s 5% dextran 
sulfate, 0.1% SDS, and 200 pglml of boiled sperm DNA, 
nitrocellulose filters were washed in 0.2 x SSC/O.l% SDS 
at 53OC and exposed to X-ray film. Insert DNAs from posi- 
tive clones were isolated as described (11). Since none of 
the rabbit CETP clones isolated from oligo(dT)-primed or 
random oligonucleotide-primed cDNA libraries extended 
to the 5’ terminus of the coding region, a rabbit genomic 
DNA library in XCharon 4A (provided by Ross Hardison; 
12) was screened with 3zP-labeled full-length insert DNA 
from rabbit CETP cDNA clones. The regions of the gen- 
omic clone containing the 5’-terminal coding sequence were 
identified by hybridizing restriction enzyme digests of the 
insert DNA isolated from the genomic clone with a 63-base 
oligonucleotide 5’-AA’TGCCCATGCCTGCTCCAAAGG- 

CACCAAG-J’ representing the 5’ end of human CETP 
cDNA (10). The hybridization was done in 30% forma- 
mide, and the filters were washed in 0.5 x SSC, 0.1% SDS 
at 50%. 

CAC CTCGCAC GAGGCAGGCATCGTGTGC C GCAT- 

DNA sequencing strategy 

Restriction digest fragments of rabbit CETP clones were 
subcloned into either Mi3 mp18/mp19 vectors or pUC118/ 
pUCll9 vectors (13) for DNA sequencing by the dideoxy 
chain termination method (14), using both universal and 
synthetic primers. For the sequencing of clones containing 
the GC-rich 5’ end, reactions with Klenow fragment of 
DNA polymerase were performed at 55OC in the presence 
of 3% glycerol (E. Y. Chen, personal communication). 
Ninety percent of the sequence was derived from both 
DNA strands. 

Nucleotides 1 
I 

500 
I 

RNA isolation and Northern blot analysis 

Total RNAs were extracted from various tissues by the 
guanidine thiocyanate method (15)’ and poly(A+) RNAs 
were isolated by oligo(dT)-cellulose chromatography. For 
Northern blot hybridization analysis, RNA samples were 
electrophoresed in a 1% agarose, 6% formaldehyde gel and 
transferred to nitrocellulose filters. Filters were hybridized 
with either cDNA probes at 42OC as described above, or 
with RNA probes at 6OoC in hybridization solution con- 
taining 40% formamide and 160 pg/ml yeast RNA. Washing 
was performed in 0.5 x SSC plus 0.1% SDS at 55OC for 
DNA probes and in 0.2 x SSC plus 0.1% SDS at 7OoC 
for RNA probes. All filters were reprobed with rat P-actin 
cDNA (16) to demonstrate the presence of intact mRNA 
in all lanes. 

RESULTS AND DISCUSSION 

Isolation of rabbit CETP cDNA and genomic clones 

A single rabbit CETP cDNA clone was isolated by screen- 
ing 5 x 105 phage plaques from the oligo(dT)-primed rab- 
bit liver cDNA library probed with a human CETP cDNA 
clone (10). The rabbit cDNA clone contained a 1.4 kb DNA 
insert extending to a poly(A) tail (designated XRCETP.1) 
(Fig. 1). The sequence of this clone showed substantial ho- 
mology to human CETP cDNA, but lacked the NH2- 
terminal coding region. Screening of 1.8 x lo6 plaques 
from the randomly primed cDNA library yielded four more 
clones. The longest of these clones, (XRCETP.2) extended 
320 nucleotides more than XRCETP.1 into the 5’ end. Since 
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Fig. 1. Partial rabbit CETP mRNA. Rabbit CETP mRNA, as deduced from cDNA Jones, is depicted beneath a size scale in nucleotides. Direction 
of transcription is from left to right. Features of the message are the undetermined length of 5’-untranslated and Leader prepeptide coding region (dot- 
ted line), mature protein coding region (open box), and 3’-untranslated region ending in poly(A) site (line with bar). Recognition sites for several 
restriction enzymes are shown. Below this line, the horizontal solid ban indicate the extent of cDNA clones, and the hatched bar depicts the region 
of a genomic clone that was sequenced to elucidate the 5’ end of mature protein coding region. The location of introns is shown by V. Below this, 
arrows indicate the extent and direction of cDNA sequencing reactions. 
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screening of two cDNA libraries failed to yield a clone con- 
taining the complete 5’ end (probably due to high GC con- 
tent), a rabbit genomic library constructed in X Charon 
4A was tested. One out of lo6 plaques hybridized to a 32P- 
labeled cDNA probe prepared from rabbit cDNA clones. 
In order to identify the region of this genomic clone 
(XgRCETP.22) coding for the NH2-terminus, EcoRIISalI 
restriction digest fragments of the bacteriophage DNA were 
probed in Southern blots with a 63-base oligonucleotide 
that coded for the last 4 amino acids of the prepeptide and 
the initial 17 residues of mature human CETP. Portions 
of a 3.5 kbEcoRIISalI fragment that hybridized to the 63- 
base oligonucleotide were sequenced. Comparison to the 
human cDNA sequence implied the presence of three short 
exons that encoded 107 amino acids. Each exon is flanked 
by consensus splice site sequences (17), and the fint exon 
was preceded by the sequence of the synthetic oligonucleo- 
tide linker used in library construction. 

The cDNA sequence and the predicted amino acid se- 
quence of rabbit CETP are shown in Fig. 2. By analogy to 
human sequence, we have designated cysteine as the first 
residue of the mature protein. As with human CETP, this 
cysteine residue is preceded by alanine, which is the most 
common residue found at the site of signal peptide cleavage 
(18). The predicted mature rabbit CETP is 496 amino acids 
long, and the 3’ untranslated region is 376 bases long fol- 
lowed by a poly(A) tail. A polyadenylation signal sequence 
of AGTAAA (19) is situated 27 bases upstream of the 
poly(A) tail. The predicted polyadenylation hexapeptide is 
preceded by the similar sequence ATGAAA, 233 bp up- 
stream. At the corresponding position in human CETP, 
G is replaced by T, resulting in polyadenylation near this 
site. Thus, assuming the similar sizes for the 5’ untranslated 
regions, signal sequence and poly(A) tail, rabbit CETP 
mRNA would be at least 230 bp longer than human CETP 
mRNA, which is consistent with Northern blot hybridiza- 
tion results shown in Fig. 5a. 

The comparison of amino acid sequences of mature rab- 
bit and human CETP, shown in Fig. 3, revealed that rabbit 
CETP is 20 amino acids longer than human CETP. These 
differences consist of an additional 19 amino acids near the 
carboxy terminus and a threonine residue at position 317. 
Apart from these insertions, rabbit and human CETP share 
overall amino acid sequence homology of 81% and nucleo- 
tide homology of 85%. Furthermore, 60 of the 92 amino 
acid substitutions are of a conservative nature. This degree 
of structural homology implies functional similarity of the 
two proteins, enhancing the applicability of rabbit as a 
model system in the studies of CETP metabolism. The cal- 
culated molecular weight of rabbit CETP is 54,442. Since 
the molecular weight of rabbit CETP from plasma was es- 
timated to be 68,000-70,000 (20, 21), this protein may be 
heavily glycosylated, as is human CETP. There are six 
potential N-linked glycosylation sites (Asn-X-Ser/Thr) dis- 

tributed throughout rabbit CETP (Fig. 2), and three of 
these sites are found in corresponding positions in the hu- 
man protein sequence. Like human CETP, rabbit CETP 
is extremely hydrophobic, with an overall hydropathy in- 
dex of 0.08. This is more hydrophobic than all known apo- 
lipoproteins, consistent with the role of CETP in the 
transfer of neutral lipids between the core of lipoprotein 
particles. Using the algorithm of Gamier, Os@horpe, and 
Robson (22), rabbit CETP has a predicted or-helical con- 
tent of about 40% and residues 300 to 315 may form an 
a-helix with amphipathic nature. Another noneworthy fea- 
ture is that while there are two extra Cys residues toward 
the COOH-terminus of rabbit CETP (Cys 390 and Cys 
474), the positions of other seven Cys residues are conserved 
between rabbit and human CETP. 

Tissue distribution of CETP mRNA 
In humans, CETP mRNA has been detected in the liver 

and small intestine, the two major sources of apolipopro- 
tein synthesis. Surprisingly, the mRNA was also detected in 
comparable or larger amounts in human adrenal gland and 
spleen (10). We made similar studies in a normal New 
Zealand white rabbit using Northern blot analysis (Fig. 4). 
In contrast to the result in humans, rabbit CETP appeared 
to be synthesized chiefly by the liver. Low amounts of 
CETP mRNA were detectable in adrenal glands and pos- 
sibly in the kidney, while CETP mRNA in the spleen, small 
intestine, brain and testes (Fig. 4) as well as stomach, heart, 
lung, and skeletal muscle (not shown) were below the sen- 
sitivity of detection. While the contribution to the total cir- 
culating CETP mass by extrahepatic tissues would likely 
be insignificant, it would be possible that the local CETP 
production in these tissues might be important in the regu- 
lation of either efflux or influx of cholesteryl esters in these 
tisues. The increased efflux of cholesteryl esters from the 
smooth muscle cells of the arterial wall in the presence of 
exogenous CETP has been reported (23). Lack of CETP 
mRNA in rabbit spleen, in contrast to human spleen, has 
been confirmed in spleen samples from three humans and 
three rabbits. This difference may be attributed partly to 
the differences in the contents of macrophages, which have 
been shown to secrete a lipid transfer protein (24). Cur- 
rently, we are investigating the possible synthesis of CETP 
in macrophages using in situ hybridization techniques. 

In order to correlate the reported levels of CETP activity 
with synthesis, we monitored the presence of CETP mRNA 
in the liver of several species by Northern blot hybridiza- 
tion with rabbit and human CETP cDNA poobes (Fig. 5a). 
While the differences in probe cross-reactivity rule out pre- 
cise quantitation, the results show that large amounts of 
CETP mRNA are present in rabbit and lthesus monkey 
liver, much less in human and pig liver, and below the limit 
of detection in rat and mouse liver. These results are in 
agreement with the reported levels of plasma transfer ac- 
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-1 1 10 20 
a l a  CYS p r o  l y s  gly ala ser t y r  glu a l a  g ly  ile val  cys arg i l e  t h r  lys p r o  a l a  leu leu val  l e u  asn gln giu t h r  a l a  iys 
GCC TGT CCC AAA GGC GCC TCC TAC GAG GCT GGC ATC GTG TGT CGC ATC ACC AAG CCC GCC CTC TTG GTG TTG AAC CAA GAG AcG GCC AAG 

Val Val gln t h r  a l a  phe  g ln  arg a l a  ply t y r  p r o  asp va l  ser ply glu arg ala va l  m e t  l e u  leu giy  a rg  val i y s  t y r  giy leu 
GTG GTC CAG ACG GCC TTC CAG CGC GCC GGC TAT CCG GAC GTC AGC GGC GAG AGG GCC GTG ATG CTC CTC GGC CGG GTC AAG TAC GGG CTG 

30 40 50 

60 70 80 * 
h i s  asn l e u  gln i l e  ser h i s  leu ser ile a l a  ser ser gln V a l  glu leu va l  asp ala l y s  t h r  i l e  asp va l  ala i l e  gln a s n  val 
CAC AAC CTC CAG ATC AGC CAC CTG TCC ATC GCC AGC AGC CAG GTG GAG CTG GTG GAC GCC AAG ACC ATC GAC GTC GCC ATC CAG AAC GTG 

* 100 90 
ser val  Val phe lys gly  t h r  leu asn t y r  ser t y r  t h r  ser ala trp gly leu gly i l e  asn gln ser va l  asp phe glu i l e  a s p  ser 
TCC GTG GTC TTC AAG GGG ACC CTG AAC TAC AGC TAC ACG AGT GCC TGG GGG TTG GGC ATC AAT CAG TCT GTC GAC TTC GAG ATC GAC TCT 

120 130 140 
a l a  ile asp leu gln  i l e  asn t h r  glu leu t h r  cys asp a l a  ply ser Val a rg  t h r  asn a l a  p r o  a s p  cys t y r  leu a l a  phe h i s  l y s  
GCC ATT GAC CTC CAG ATC AAC ACA GAG CTG ACC TGC GAC GCT GGC AGT GTG CGC ACC AAT GCC CCC GAC TGC TAC CTG GCT TTC CAT M A  

150 160 170 
l e u  l e u  leu h i s  leu gln  gly glu a rg  glu p r o  gly trp leu lys gln leu phe t h r  asn phe i l e  ser phe t h r  leu l y s  leu ile Leu 
CTG CTC CTG CAC CTC CAG GGG GAG CGC GAG CCG GGG TGG CTC AAG CAG CTC TTC ACA AAC TTC ATC TCC TTC ACC CTG AAG CTG ATT CTG 

180 190 200 
lys arg gln va l  cys asn glu ile asn t h r  i l e  ser asn i l e  m e t  a l a  a s p  phe va l  gln t h r  a rg  a l a  a l a  ser ile leu ser a s p  gly 
AAG CGA CAG GTC TGC AAT GAG ATC AAC ACC ATC TCC AAC ATC ATG GCT GAC TTT GTC CAG ACG AGG GCC GCC AGC ATC CTC TCA GAT GGA 

210 220 230 
a s p  i l e  ply va l  asp ile ser va l  t h r  gly ala p r o  va l  ile t h r  a l a  t h r  t y r  leu glu ser h i s  h i s  l y s  ply h i s  phe t h r  h i s  lys  
GAC ATC GGG GTG GAC ATT TCC GTG ACG GGG GCC CCT GTC ATC ACA GCC ACC TAC CTG GAG TCC CAT CAC AAG GGT CAC TTC ACG CAC AAG 

* 250 260 
asn  val ser glu ala phe  p r o  leu a rg  ala phe pro pro ply leu leu ply asp ser a rg  m e t  leu tyr phe  trp phe ser asp gln val 
AAC GTC TCC GAG GCC TTC CCC CTC CGC GCC TTC CCG CCC GGT CTT CTG GGG GAC TCC CGC ATG CTC TAC TTC TGG TTC TCC GAT CAA GTG 

270 280 290 
leu asn ser leu a l a  a rg  a l a  a l a  phe g ln  glu gly  arg leu va l  leu ser leu t h r  p l y  a s p  glu phe  l y s  l y s  va l  l e u  glu t h r  gln 
CTC AAC TCC CTG GCC AGG GCC GCC TTC CAG GAG GGC CGT CTC GTG CTC AGC CTG ACA GGG GAT GAG TTC AAG AAA GTG CTG GAG ACC CAG 

300 310 320 
gly phe a s p  t h r  asn g ln  glu i l e  phe gln glu leu ser arg g l y  leu p r o  t h r  ply gln a l a  gln va l  ala val  h i s  cys leu lys V a l  

GGT TTC GAC ACC AAC CAG GAA ATC TTC CAG GAG CTT TCC AGA GGC CTT CCC ACC GGC CAG GCC CAG GTA GCC GTC CAC TGC CTT AAG GTG 

330 340 350 
p r o  l y s  i l e  ser cys gin asn a rg  ply va l  va l  va l  ser ser ser va l  a l a  va l  t h r  phe arg phe p r o  a rg  p r o  asp g l y  arg glu ala 
CCC AAG ATC TCC TGC CAG AAC CGG GGT GTC GTG GTG TCT TCT TCC GTC GCC GTG ACG TTC CGC TTC CCC CGC CCA GAT GGC CGA GAA GCT 

360 370 380 
val  a l a  t y r  arg phe glu glu asp i l e  i l e  t h r  t h r  va l  g ln  a l a  ser t y r  ser gln  lys lys l e u  phe leu h i s  leu l e u  asp phe gln 
GTG GCC TAC AGG TTT GAG GAG GAT ATC ATC ACC ACC GTC CAG GCC TCC TAC TCC CAG AAA AAG CTC TTC CTA CAC CTC TTG GAT TTC CAG 

390 400 410 * 
cys val  p r o  a l a  ser ply arg ala gly ser ser a l a  asn l e u  ser val  a la  leu a rg  t h r  glu a l a  l y s  ala val  ser asn leu t h r  glu 
TGC GTG CCG GCC AGC GGA AGG GCA GGC AGC TCA GCA AAT CTC TCC GTG GCC CTC AGG ACT GAG GCT AAG GCT GTT TCC AAC CTG ACT GAG 

420 430 4 4 0  
ser arg ser glu ser leu gln ser ser leu arg ser leu i l e  a l a  t h r  va l  ply i l e  p r o  glu va l  m e t  ser arg leu glu val ala phe 
AGC CGC TCC GAG TCC CTG CAG AGC TCT CTC CGC TCC CTG ATC GCC ACG GTG GGC ATC CCG GAG GTC ATG TCT CGG CTC GAG GTG GCG TTC 

450 460 470 
t h r  a la  leu m e t  asn ser l y s  gly Leu asp l e u  phe g l u  ile i le  asn p r o  glu i l e  i l e  t h r  leu asp gly cys leu leu leu gln m e t  
ACA GCC CTC ATG AAC AGC AAA GGC CTG GAC CTC TTC GAA ATC ATC AAC CCC GAG ATT ATC ACT CTC GAT GGC TGC CTG CTG CTG CAG ATG 

4 8 0  490 496 
asp phe g l y  phe  p r o  l y s  h i s  Leu leu V a l  a s p  phe leu gln ser leu ser AM 
GAC TTC GGT TTT CCC AAG CAC CTG CTG GTG GAT TTC CTG CAG AGC CTG AGC TAG CAGGGAGCTGGAGACACAAGACACGCTGACGTCTCCGCCCATCGGGGT 

* 

GGAGGTCAGGGAGTGGGTCGGAGGACGGGCGATGGCTCCCAACTCCTTCTGTCCTGAAGACCCCTAGC~GCAGCATACCCTG~CAGGCATCTGGCTGAGCGGCTAAGCCACTGG 

TCAGGACACCTGCGTCTAGGGTGCTCCGGATCCCAGCT~CTGCTAACGTGCACCCTGGGGAGCAGCCGTGCTGG~TCCCGCCAGCCACATCGGAGACCCAGACTGA~TCCTGGCTCCT 

GGCTTTAGCCTGCCCAGTGAGTGGCAGCTAAATCTCTCTCTGGCTGTCTCTCTCTGCCTCTC~CGMTATCTC~ACAAGAG 

Fig. 2. Sequence of rabbit CETP cDNA. The complete amino acid sequence of rabbit CETP is shown above the DNA sequence. The negative 
amino acid refers to the COOH terminus of the presumed leader prepeptide, whereas positive numbers refer to the mature protein. AM denotes 
the stop codon. The polyadenylation signal hexanucleotide is underlined, as is the location of the homologous polyadenylation hexanucleotide of human 
CETP (ATTAAA). Predicted N-linked glycosylation sites are marked by asterisks. 
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cetp 
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cetp 

+ 10 + 20 30 40 50 
CPKGASYEAGIVCRITKPALLVLNQETAKWQTAE'QRAGYPDVSGERAW 

CSKGTSHEAGIVCRITKPALLVLNHETAKVIQTAE'QRASYPDITGEKAMM 
+ 10 + 20 30 40 50 

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

60 70 80 90 100 
LLGRVKYGLHNLQISHLSIASSQVELVDAKTIDVAIQNVSVVFKGTLNYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LLGQVKYGLHNIQISHLSIASSQVELVEAKSIDVSIDVSIQNVSVVFKGTLKYG 

60 70 80 *90 100 

* * 

110 120 130, 140 + 150 
YTSAWGLGINQSVDFEIDSAIDLQINTELTCDAGSVRTNAPDCYLAFHKL **.** . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ***.******.**** 
YTTAWWLGIDQSIDFEIDSAIDLQINTQLTCDSGRVRTDAPDCYLSFHKL 

110 120 130+ 140 + 150 

* 

160 170 180 + 190 200 
LLHLQGEREPGWLKQLFTNFISFTLKLILKRQVCNEINTISNIMADFVQT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *.*.*** *********** 
LLHLQGEREPGWIKQLFTNFISFTLKLVLKGQICKEINVISNIMADFVQT 

160 170 180 + 190 200 

210 22 0 230 240 250 
RAASILSDGDIGVDISVTGAPVITATYLESHHKGHFTHKNVSEAFPLRAF ****************.** *****.********** ***** .** .* 
RAASILSDGDIGVDISLTGDPVITASYLESHHKGHFIYKNVSEDLPLPTF 

210 220 230 240 250 

* 

* 

260 270 280 290 300 
PPGLLGDSRMLYFWFSDQVLNSLARAAFQEGRLVLSLTGDEFKKVLETQG .* . . . . . . . . . . . . . . . . . . . . . .  ***.***.*** ***** **** * 
SPTLLGDSRMLYFWFSERVFHSLAKVAFQDGRLMLSLMGDEFKAVLETWG 

2 60 270 280 290 300 

310 320 + 330 + 340 350 
FDTNQEIFQELSRGLPTGQAQVAVHCLKVPKISCQNRGVWSSSVAVTFR *.********. *.* . * * * * . * * * * * . * * * * * * * . * * * * e * * *  * * 
FNTNQEIFQEWGGFP-SQAQVTVHCLKMPKISCQNKGVWNSSWKFL 

310 32 0 + 330 + 340 * 

360 370 380 390 400 
FPRPDGREAVAYRFEEDIITTVQASYSQKKLFLHLLDFQCVPASGRAGSS ***** ...*** . . . . . . . . . . . . . . . . . . . .  ***** * 
FPRPDQQHSVAYTFEEDIVTTVQASYSKKKLFLSLLDFQITP-------- 

+ 

360 370 380 390 

* 410 * 420 430 440 450 
ANLSVALRTEAKAVSNLTESRSESLQSSLRSLIATVGIPEVMSRLEVAE'T *.******* ***.** *.*.*..************ ** ----------- KTVSNLTESSSESIQSFLQSMITAVGIPEWSRLEWT 

* 400 410 420 430 

460 470 + 480 490 
ALMNSKGLDLFEIINPEIITLDGCLLLQMDFGFPKHLLVDFLQSLS *******. **.******** ** ********** *********** 
ALMNSKGVSLFDIINPEIITRDGFLLLQMDFGFPEHLLVDFLQSLS 

440 450 460 47 0 

Fig. 3. Comparison of mature rabbit and human CETP. The top line presents the amino acid sequence of the mature rabbit CETP derived from 
cDNA sequencing, and the bottom line is the cDNA-derived sequence of human CETP (10). Asterisks between the two sequences indicate identical 
amino acids and dots indicate conservative substitutions. The overall amino acid homology is 81%. Cysteine residues are highlighred by + above the 
rabbit or below the human sequences and potential asparagine-linked glycosylation sites are highlighted by asterisks. 
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1 2 3 4 5 6 7  

Fig. 4. Tissue distribution of CETP mRNA in rabbit. Rabbit poly(A') 
RNA samples were hybridized with an RNA probe derived from 
XRCETP.1 (EcoRIIBamHI fragment) insert subdoned into pSP64 (30) and 
exposed to X-ray film. RNA sources and amounts (in parentheses) are: 
lane 1, liver (8 pg); lane 2, spleen (15 pg); lane 3, small intestine (7 pg); 
lane 4, kidney (10 pg); lane 5, brain (5 pg); lane 6, adrenal gland (3.5 
pg); lane 7, testes (8 pg). Reprobing of the same filter with actin cDNA 
demonstrated the presence of intact RNA in all lanes (not shown). 

tivity in these species (25). However, recent reports con- 
cerning a cholesteryl ester transfer inhibitor protein imply 
that the inhibitor masks substantial amounts of transfer ac- 
tivity in rats and pigs (26). It remains possible that extra- 
hepatic synthesis of CETP is substantial in these species, 
or that the transfer protein of pig and rat shares compara- 
tively little sequence homology to human and rabbit CETP. 

The same mRNA samples were also hybridized with hu- 
man and mouse LCAT probes (Fig. 5b). In previous studies 
human LCAT mRNA was only detected in liver (27). 

a b 
1 2 3 4 5 6  1 2 3 4 5 6  
-1 

28s- 

2200- 
1900 - 

Fig. 5. Northern blot analysis of liver poly(A') RNA samples from var- 
ious species hybridized with CETP and LCAT cDNA probes. Liver 
poly(A') RNA samples were subjected to electrophoresis as described in 
Methods, and hybridized with either '*P-labeled rabbit and human CETP 
cDNA probes (panel a), or with human and mouse LCAT cDNA probes 
(panel b). (Rehybridization with rat actin cDNA probe is not shown.) 
Sources and amounts (in parentheses) of liver poly(A') RNA samples are: 
lane 1, human (14 pg); lane 2, rhesus monkey (10 pg); lane 3, rabbit (2 
p g ) ;  lane 4, pig (14 pg); lane 5, rat (19 pg); lane 6, mouse (16 pg). The 
size, in nucleotides, of CETP mRNA and the location of 28s RNA is shown 
on the side. 

Furthermore, human and mouse LCAT cDNA sequences 
show 85 % identity, implying substantial sequence conser- 
vation and probe cross-reactivity. (J. W. McLean, unpub- 
lished results). Liver LCAT mRNA levels are conspicuously 
higher in rat and mouse than in other species. Thus the 
ratio of CETP mRNA to LCAT mRNA is high in rabbit 
and rhesus monkey, intermediate in human, and very low 
in rat and mouse. In these latter species, most cholesteryl 
esters converted from cholesterol by relatively large amounts 
of LCAT on high density lipoproteins must be cleared from 
the circulation by a pathway that differs from the CETP 
and LDL receptor-mediated process that operates in hu- 
mans. While nonhuman primates such as rhesus monkey 
would be an effective model for the study of CETP metabo- 
lism, a rabbit model would be more practical. Furthermore, 
using a cloned rabbit cDNA as a probe, possible involve- 
ment of CETP in the development of atherosclerosis may 
be investigated in cholesterol-fed rabbits and Watanabe 
heritable hyperlipidemic rabbits, in which elevated levels 
of plasma CETP activities have been detected (28, 29). 
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