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Abstract

This study describes a stable and simple method for the measurement of cholesteryl ester transfer protein
(CETP) activities using reconstituted HDL and LDL as substrates. Apolipoproteins{apo) A-I and -B were
purified from hog plasma by a new strategy without ultracentrifugation and delipidation. A simple two-step
column chromatography was administered. In the first step of phenyl-sepharose CI.—4B column chro-
matography, hydrophobic plasma proteins were isolated. The most hydrephobic proteins bound to the column
appeared to be apo A-I and apo-B. Contaminant proteins were efficiently eliminated from the sample by
washing the column with 0.3M NaCl containing buffer after loading the plasma on the column. Two pure
proteins showing each single band on SDS-PAGE of apo A-1 and apo-B were individually obtained by a
subsequent gel filtration column chromatography{Sephadex G-200). This two-step purification was simple
and inexpensive compared to the ultracentrifugation and/or delipidation method that are most commonly used.
Reconstituted high-density lipoproteins(HDL) and low-density lipoproteins(LDL.) were prepared using the
purified apo A-I and -B, respectively. When these artificially prepared HDL and LDL were used in the assays
for CETP as the cholesteryl ester(CE) donor and acceptor respectively, the specific transfer of CE increased

up to two fold compared to that used the native HDL and LDL.
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INTRODUCTION

A plasma CETP functions a keyv role in the reverse
cholesterel transport system which transports cho-
lesterol from peripheral tissues to the liver{1,2). It is
one of the plasma components that plays an important
role in the regulation of plasma HDL concentration
{3.4). Its primary reaction in vitro is a transfer of CE
from HDL to very low density lipoprotein(VLDL), with
a concomitant transfer of TG from VLDL to HDL(G).
In this process, the protein—mediated transfer of cho—
lesteryl esters(CE) between lipoproteins has been shown
to be closely coupled to the CETP and the cholesterol
esterification by lecithin : cholestercl acyltransferase
(LCATYB,7). The consequences of these transfer re-
actions are a decrease in HDL cholesterol and an in-
crease in LDL cholesterol levels. It has been well known
that the HDL is anti-atherogenic, while the LDL is an
atherogenic component(8). Amounts of the two proteins
in the plasma could be used as parameters for the early
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prediction of coronary heart diseases(9,10).

Apaclipoproteins also play essential roles in transport
and distribution of neutral lipids among different tissues
throngh the blood{6). They are structural components
of lipoprotein particles: apo A-I and apo—B are major
proteins in HDL and LDL, respectively.

There has been imcreasing evidence that the CETP
may retard the clearance of cholesterol from the blood,
resulting in recycling of the cholesterol species between
the blood and peripheral tissues{l,11). As the CETP
becomes recognized as an atherogenic factor(12), many
investigators have attempted to search its inhibitors
from various sources(13-15). Far an efficient screening
the CETP inhibitor, the most important subject would
be to establish an easy, effective and inexpensive assay
method. Though several laboratories have published
methads for CETP assay(11-14,16), most of them have
been limited by high cost and low sensitivity in mon-
itoring the CE transfer from the HDL to the LDL. Here,
we report an easy way to purify the apo A-l and apo-B
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required to reconstitute HDL and LDL, respectively,
without ultracentrifugation(17) and delipidation(13,19).
We have reconstituted the proteoliposomes as suh-
strates of CETP using the purified apo A-T and apo—B,
and developed a simple and reliable assay system for
measuring CETP activities.

MATERIALS AND METHODS

Plasma and chemicals

Hog blood was abtained {from local slaughter house
in tubes containing Na:-EDTA(final concentration=
1lmg/ml) and a fresh hog plasma was abtained by cen—
trifugation(5,000% g) at 4°C for 15min.

1a,2a-[*"H]-n-cholestervl oleate was purchased from
Amersham Life Science Co.(Amersham, UK.). Egg-volk
lecithin{100mg/ml, ethano! sclution) and cholesteryl ole-
ate were purchased from Sigma Co.(St Louis, USA).
Phenyl Sepharose CL-4B, Sephadex G—200 column me-
dia and CNBr-activated Sepharose—4B were purchased
from Pharmacia Co.(Uppsala, Sweden).

Purification of apolipoprotein A-1 and -B

Ammonium sulfate(final concentration 15%, w/v) was
added to hog plasma(200ml) to precipitate highly hydro-
phobic component in plasma. The supernatant was
applied to a phenyl-sepharose CL-4B column{2.5*
16cm) without dialysis, which was previously egili-
brated with 5mM sodium phosphate/0.3M NaCl, pH
7.4. After loading a sample on the column, the column
was washed with the equilibration buffer until the
absarbance of the effluent at 280nm negligible{ Az <
0.2). This column was operated under gravity throughout
the chromatography. After washing the column, the
proteins in the column were eluted with distilled water
with a flow rate of 40ml/hr and fractions(20mi) were
collected until Asp<0.2. The second elution was con—
ducted with 50%(v/v) ethylene glyccllEG) in 10mM
sodium phosphate buffer. pH 7.4 with a flow rate of
20ml/hr until A2 =0.2, The column was finally wash-
ed with 75%(v/v) EG in the same buffer with a flow
rate of 20ml/hr(fraction size, 3ml} until Asgn=0.1.

All [ractions of phenvl-sepharose CL-4B were sub—
jected to apolipoprotein analvses by SDS-PAGE and
double immunodiffusion, according to the methods
described by Laemmli{20)} and Ouchterlony(21), re-
spectively. For the double immunodiffusion, polyclonal

antisera against apo A-I or —B were placed in a center—
well in order to examine presence of the antigens in
the samples placed on the surrounding-wells. The
samples in the wells were allowed to diffuse for 16hr
in a humid chamber at 37°C. The agarose gel was
sufficiently washed with PBS-azide solution and dried
for 2hr at 37°C in the humid chamber. Then, the im-
munoprecipitin lines were visualized by staining the
gel with coomassie brilliant blue R-250 followed by
destaining in the acetic acid-containing solution.
Sephadex G-200 was packed into a colurmm(1.5> 90
cm) and the column was equilibrated with 5mM so-
dium phaosphate, pH 74 containing A0mM NaCl. Eth-
viene glycol{70%, v/v) fractions chiained from phenyl-
sepharose CL-4B column were dialyzed against bmM
sodium phosphate, pH 7.4 [or at least 16hr and applied
to the Sephadex G200 column with a flow rate of 3ml/
hr. Absorbance at 280nm of the eluate was monitored
and the purity of apo A-I or apo-B was examined by
the SDS-PAGE. Purified apo A-1 and apo-B were
quantitated according to the method described by
Bradford(22) and lyophillized for storage.

Reconstitution of HDL and LDL

Proteoliposomes used as substrates of cholesteryl
ester transfer assays were prepared by the sodium
cholate dialysis technique basically as decribed pre—
viouslv(23). A brief outline of the method and 1ts sli-
ghtly modified version made in our laboratory are as
follows :

In a typical preparation of reconstituted HDL{IIDLg)
or LDL(LDLg), the molar ratio of apo A-I{or apo-B) :
phosphatidyi chaline : cholesteryl oleate was 0.8 - 250

19, A trace amount of [SH]*cholesteryl oleate was
added in the HDLz mixture. The phosphatidyicholine
and cholesteryl oleate in chlorolorm was carefully
evaporated to dryness under nitrogen stream at room
temperature, To the dried lipid mixture, apo A-I{or
apo-B) and sodium cholate solution 1in Tns-HCI, pH
7.4 were added. The dissolved mixture was gently
sonicated in a bath sonicator for 10min at room tem-
perature and incubated in & shaking waterbath at 24°C
for 20min, Then, the mixture was dialyzed extensively
against 10mM Tris-HC] buffer, pH 7.4, for 24hr at 4°C

to remove sodium cholate.

Immobilization of labelled HDLR
Radiolabelled FIDLp was covalently linked to CNBr~
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activated Sepharose-4B by the manufacturer’s sug-
gested procedures(Pharmacia, Sweden), After coupling,
any unreacted groups remained were blocked by incu-
bation of the resin with 0.1M Tris-HCL pH 80, for
2dnr at A°C. The [PH]-HDLgSepharose heads were
washed several times with the 0.1M Tris containing
0.5M NaCl, pH 80, on the sintered glass funnel. The
beads were stored in 0.1M Tris containing 0.5M Na(l
buffer at 4°C until use.

Cholestery] ester transfer assay

To microcentrifuge tubes(1.5mi), ['H]-HDLz-Sepharose
bead solution(50ul) containing apo A-I{approx. 53ig)
as a CE-danar, the I.DLy solution containing apo—B
(approx. 246ug) as a CE-acceptor and S0yl of human
plasma as a CETP scurce were sequentially added and
mixed gently. The reaction mixture was incubated at
37°C with shaking for 2hr. To compare with native
lipoprotein system. we incubated the reaction mixture [or
10hr with native LDL or HDL which synthesized ac-
cording to the previously described method(13). After
the incubaticn, samples were centrifuged for 2min at
3.000% g to sediment the [°H]-HDLz-bound beads. The
radicactivity of an aliguot taken out {rom supernatant
was measured by a liquid seintillation counter (Packard
Tri-carb 1600TR) to estimate total CE transferred
from HDLg to the LDLg Pig plasma was used for
determination of nonspecific CE transfer in this assay
systern, since there has been a minium CETP activity
in the rat or pig plasma among experimental animals.

RESULTS AND DISCUSSION

Purification of apo A-T and apo-D

Fig. 1 shows the elution profile of phenyl-sepharose
column chromatography. Hydrophilic proteins in the
hog plasma were temoved in the early stage of the
chromatography. Fractions with hydrophobic proteins
including the apo A-T and -B were co—eluted when the
column was washed with 50% EG and subseguently
with 75% EG, as identified on the SDS-PAGE(Fig. 2)
and the double immunodiffusion analyses(Fig. 3). Lane
7 in Fig. 2 shows that fractions eluted with 75% EG
conttain only apo A-T and apo-B. These two proteins
were subsequently separated by Sephadex G-200 gel
[ltration chromatography(Fig. 4) as conlirmed by 10%
SIS-PAGE analysis(Fig. 5). From 200 ml of hog plasma.
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Fig. 1. Elution profile of phenyl-sepharose CL—-4B col—-
umn chromatography.
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Fig. 2. Electrophoretic patterns of phenyl-sepharose
CL-4B fractions obtained from 10% SDS-PA-
GE.
Stained with coomassie blue R-250.
Lane 1: Fraction number(F #) 7, Lane 2: F# 15, Lane
2 F #32 Lane &t F # 45, Lane 5 F # 59, Lane &
F #9093 Lane 7: F # 110

Fig. 3. Immunodiffusion of phenyl-sepharose CL-4B
fractions against anti-immunoprecipitin bands
visualized by coomassie blue R-250.

Well 10 F# 15, Well 2: F# 32, Well 30 F# 49, Well
4 F# 93, Well & F# 110, Well S. positive control
{plate A human apo-B, plate B: human apo A-L
plate Ct bovine serum albumin), Well C of plate A
anti-pig apo B antibody, Well C of plate B: anti-pig
apo A-T antibody, Well C of plate C anti- human
serum albumin antibody.

about 37mg of apo A-1 and 25mg of apo—B were re-
covered from each hatch. Purified apo A-T was iden-
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tified by N-terminal amino acid sequencing analysis
{Protein Sequenator 4764, Applied Biosystem Institute),
This method for isolating apo A-I and apo-B simulta—
neously was more simple and inexpensive than any
other methods which include ultracentrifugation and
delipidation.
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Ttig. 4, Elution profile of Sephadex G-200 column chro-
matography.
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Fig. b, Electrophoretic patterns of Sephadex G-200
fractions obtained [rom 10% SDS-PAGE.
Stained with coomassie hlue R-250.

Lane 1: fraction number(F #) 23, Lane 2: Fé 25, Lane
33 F#25 Lane 4 F # 32, Lane 5 F # 24, Lane &
F # 35 Lane 7+ F # 37

Reconstitution of lipoproteins and immobili-
zation of HDLR

HDW_rlapo A-I containing protecliposome) was com-
posed of phosphatidylcholine single bilaver, cholesteryl
oleate and apo A-1. About 97% of total protein was
hound ta the heads through immohilization process, 50~
50% of the total radioactivity was removed through
washing procedures. LDLr was composed of only apo-
B intercalated phosphatidylcholine single bilayer. This
apo-B containing protecliposome(LDLg) was slightly
increased in its size over the native LDL as shown in
Bio-Gel A-5m column chromatography(Fig 6).

Cholestery] ester transfer assay

The amount of [SH]—cholesteryl ester transferred from
[3H]—HDLp.“sepharose to LDLp increased with the
duration of incubation and appeared to be saturated
within 1.5hr at 37°C and 30~ 4024 of the total radic-
activity in CE-donor(HDLg) had been transferred ta
the CE-acceptor(Fig. 7). Throughout this CE-transfer
assay, HDLg containing radiclabelled CEs were incu-
bated with LDLg at 37°C in the absence(as hlank con-
trol) or presence ol CETP source. As illustrated in Fig.
7, human plasma and lipoprotein deficient plasma
showed similar CE-transfer activity. After 2hr incuba-
tion, about 30%% of the total radicactivity was recov-—
ered in LDLg which is a CE-acceptor. ["H]-cholesteryl
ester translerred was dependent on the amount of
plasma added as a CETP source in incubation mixtures
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Fig. 7. Changes in CETP activity with increasing con-
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Fig. 6. Bio—-Gel A-5m column chromatography of arti—
ficial LDL.

centration of CETP using artificial substrate
system.

PHI-CE-HDLr(53ug of apo A-1) was used as a
CE-donor and LDLg(2461g of apo-B} used as a
CE-acceptor, Human plasma{A) and lipoprotein
deficient plasma{B) were used as CETP sources,
respectively.
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Fig. 8. CETP activities with time course using arti-
ficial substrate system.
[*H]-CE-HDLz(53ug of apo A-1) was used as a
CE-donor, LDLg(246 ug of apo-B) as a CE-accep-
tor. Human plasma (A} and lipoprotein deficient
plasma (B) were used as CETP sources. respective—
ly. Results are expressed as mean of tiplicate samples.
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Fig. 9. Comparison of cholesteryl esier transfer activ—
ity in artificial and native substrates system.
Human plasma(0.05ml) was used as a CETP source
Results are expressed as mean of triplicate samples.
A: ['H1-CE-HDLg (53ug of apo A-D)+LDLg (2465g
of ape-B), B [PH]-CE-HDLr (53ug of apo A-I)+
LDL (240ug of apoprotemn), C: ["H]-CE-HDL{60ug
of apoprotein) + LDLe(246 g of ape-B), D: PHI-
CE-HDL(60ug of apoprotein) 4+ LDL{240 pg of apo-
prolein).

up to 0.2ml. The time course of the transfer of radiola-
belled CEs from HDLg to LDLg is shown in Fig, 8. The
time course experiment has shown an increasing trend
of CE-transfer activity up to Zhrs. Thus the addition
of CETP to the incubation mixture induced a time-
dependent redistribution of radiolabelled CEs from
HDLg to LDLg

The various CETP activities were expressed when
used in artificial and native substrates. HDILg was in-
cubated LDLr(“A” in Fig. 9) or native LDL("B" in Fig
) and native HDL was incubated LDLz("C" in Fig.

9) or native LDL{*D" in Fig. 9). CETP activities were
highest when HDLr and LDLg were used as CE donor
and acceptor respectively, and were lowest when native
HDL and LDL were used. Native LDL was also a good
subsirate only when HDLg was used as a CE—donor.

As described above, two major apolipoproteins were
purified [rom hog plasma using only two steps of
column chromatographies. The measurements of CETP
activities can be done in a short time without wltracen-
trifugation which normally is required for reisolation
of lipoproteins after incubation of CETP reaction mix-
tures. This time-consummng procedure can be eliminated
by using immobilized HDLr as a CE donor. This
method, which is highly reliable so far, has been used
for clinic setup mass-screening system of CETP inhib-
itors in our laboratory.

ACKNOWLEDGEMENTS

This research was supported by 1994 KOSEF grant
(No. 94-0403-16-01-3) and the Genetic Engineerig Re-
search Grant{1993) from Ministry of Education, Karea.

REFERENCES

1. Tall. A. R. " Plasma cholesteryl ester transfer protein. J.
Lipid Res., 34, 12h5(1993)

. Tall, A, R, Plasma high density lipoproteing Metabo—
lism and relationship o atherogenesis. J Clin Invest,
86. 379(1900)

3. Koizumi, J., Mabuchi, H., Yoshimura, A., Michishita. I,
Takeda, M., Itoh, H., Sakai, T.. Nuda, K. and Takeda,
R. : Deficiency of serwmn cholesteryl-ester transfer activi-
tv in patients with familial hyperalphalipoproteinemia.
Atherosclerosis, 58, 175(1986)

4. Yokoyama, S., Kurasawa, T., Nishikawa, O and Yama-
mote, A. @ High density lipoprotein with poor reactivity
to cholesteryl ester transfer reaction ohserved in a ho-
mozvgote of familial hyperalphalipoproteinemia Artery.,
14, 43(1986)

5. Swenson, T. L. . The role of the cholesteryl ester transfer
protein in lipoprotein metaholism. Diahetes/Merabolism
Reviews, 7, 139(1991)

6. Fielding. C. J. and Fielding, P. E. : Cholesteral transport
between cells and body [luids. Med. Clin. N. Am., 66,
363(1983)

7. Chen, C. H. and Albers, J. J. : Characterization of pro—
tealiposomes containing apohpoprotein A-1 @ A new suh-
strate [or the measurement of lecithin : cholesterol acyl-
tranferase activity, J. Lipid Res., 23, 63001982}

&. Bachorik, P. 5. and Kwiterovih. P. Q. Jr. | Apolipoprotein
measurements in clinical biochemistry and thewr utiity vis-
a—vis conventional assays. Clin. Chim. Acia, 178, 1(1983).

9. Lipid Research Clinics Program : The lipid research clin-

[



92

10.

11.

12,

13.

14,

15.

Kyung-Hyun Cho, Myung-Sook Choi, Song-Hae Bok and ¥ong Bok Park

ics coronary primary prevention trial results. 1. Reduction
in incidence of coronary artery diseases. J. Am. Med
Assoc, 251, 351(1934)

Linid Research Clinics Program : The lipid research
chnics coronary primary prevention trial results. II. The
relationship of reduction in incidence of coronary artery
diseases to cholesterol lowering. J. Am Med. Assoc, 261,
365(19834)

Kushwaha, R. S, Rainwater, D). L., Williams, M. C., Getz,
G. S. and McGull, H. C. Jr. : Impaired plasma cholesteryl
ester transfer with accunulation of large high density
lipoproteins in some families of babhoons(Papio spi. J.
Lipid Res., 31, 965(1990)

Kushwaha. R. S, Hasan, S. Q, Mc&ll, H. C. Jr., Getz,
G. S., Dunham, R. G. and Kanda, P. : Characterization of
cholestervl ester transfer protein inhibitor from plasma
of babaonsiPapio sp). J. Lipid Res., 4, 1285(1993)
Sparks, D. L., Frohlich, ., Cullis, P. and Pritchard, P. H. :
Cholesteryl ester transfer activity in plasma measured by
using solid—phase-bound high-density lipoprotein. Clin
Chem.. 33, 390(1987)

Park, Y. B., Jeoung, N. H., Kim, H. 5. and Choi, M. S. :
Reaction of HDL-bound cholesteryl ester transfer protein
and a new method for its activity measurement. Kor.
Biochem. [., 25, 409(1992)

Morton, R. E. and Zilversmit, II. B. ¢ A plasma inhibitor
of triglyceride and cholestervl ester transfer activities. J.
Biol Chem., 256, 11992(1981)

16.

17.

18.

19.

20.

21

22,

Groener, J. E. M, Pelton, R. W. and Kostner, G. M. : Im-
proved estimalion of cholesteryl ester transfer/exchange
activity in serum or plasma. Clin. Chent, 32, 283(1986)
Havel, R. J, Eder, H. A. and Bragdon, J. H.: The
distribution and chemical composition of ultracentrifi-
gally separated lipoproteins in human serum. Jf. Clin
Invest., 34. 1345(1935}

Cham, B. E. and Knowles. B R. . A solvent system [or
delipidation of plasma or serum without protein precipi-
tation. J. Lipid Res., 17, 176(1976)

Richard, L. J., Baker, N. H,, Tauton, Q. D.. Smith, L. C.,
Garner, C. W. and Gotto, A. M. Jr. - A cormparison of the
major apolipoprotein from pig and human high density
lipoproteins, J. Biol Chem., 248. 2635(1973)

Laemmli, U. K. : Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
{Londan), 227, 680(1970)

Ouchterlony, O.: Antigen-antibody reactions in gels.
Acta, Pathol, Microbicl Scand., 26, 507(1949)
Bradford, M. M. : A rapid and sensitive method [or the
quantitation of microgram guantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem., T2,
248(1976)

. Batzri, S. and Kom, E. D.: Single bhilayer liposomes

prepared without sonication. Biochim. Biophys. Acfa,
231, 17501573

(Received May 14, 1996)



