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The C-apolipoproteins (apo C) are part of the protein moiety of very low-
density lipoproteins (VLDL) which are involved in the metabolism of lipo-
proteins [1]. They are a heterogenecous class of preoteins and can be sepa-
rated into apo C-I, C-II, C-III by column chromatography [2]. Since isoelectric
focusing results in additional C-apolipoprotein bands [3, 4] the separation of
apo C by column chromatography seems to be incomplete. The increasing
interest in specific antisera for the immunochemical quantification of apolipo-
proteins needs highly purified antigens. Therefore we tried to separate the C-
apolipoproteins by high-performance liquid chromatography (HPLC).

MATERIAL AND METHODS

From pooled sera of patients with primary type IV hyperlipoproieinemia
very low-density lipoproteins (VLDL) were prepared by preparative ultra-
cenirifugation (d = 1.006 g/ml, 125,000 g, 48 h, 4°C). VLDL were separated
by tube slicing, delipidated with an equal volume of tetramethylurea (TMU),
dialyzed against 0.05 M NH.HCO, buffer (pH 8.6) for 24 h, and lyophilized.
For column chromatography (Sephadex G-200 fine, 100 X 2.5 cm, 4°C)
50 mg of the TMU-soluble apolipoproteins were resolubilized in 0.05 M
NH,HCO; buffer (pH 8.6) containing 6 M urea [5]. The apo C-containing
fractions were pooled, dialyzed and lyophilized. They were, furthermore,
analyzed by polyacrylamide gel elecirophoresis in sodium dodecyl sulphate
(SDS) (10%) and 8 M urea (7.5%, pH 8.6). Fractionation of the C-apolipo-
proteins was performed by HPLC.
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The HPLC experiments were performed using an Altex programmer Model
420 and two Altex pumps (Model 110A) with a variable-wavelength UV detec-
tor (Kontron Corp., Munich, G.F.R.).

Solvent methanol (HPLC grade) and reagent grade sodium phosphate were
obtained from J.T. Baker (Phillipsburg, NJ, U.S.A.). Water was glass-distilled
from the deionized water supply of the laboratory. The HPLC column was
purchased from Kontron; a pre-column was prepared in this laboratory. The
column dimensions were 250 X 4.2 mm I.D., the pre-column dimensions
40 X 4.2 mm I.D. The packing was reversed-phase C-18 material (particle
size 10 pm).

Chromatographic conditions were: sample injection as 15 mg/ml solutions
in phosphate buffer; detection in a 10 mm path length cell (volume 7 pul)
at 210 nm. Buffer A was methanol, buffer B 0.01 M phosphate buffer (pH
6.0). A linear gradient was supplied from 40 to 28% buffer B in 120 min.
The flow-rate was 1 mi/min. Methanol was removed by drying under vacuum.
The identification of the separated peaks was done by amino acid analysis
and determination of the N-terminal amino acid.

RESULTS

The gel permeation chromatogram of the TMU-soluble VLDL proteins
is shown in Fig. 1. The pooled C-apolipoproteins typically [6] could be sepa-
rated by analytical polyacrylamide gel electrophoresis in urea (Fig. 2a) and
gave a broad band in SDS (Fig. 2b). The preparative separation by HPLC
resulted in 19 peaks with a yield of 80%; 17 peaks (Fig. 3) turned out to
be C-apolipoproteins on the basis of amine acid analyses [ 7—9]. The remain-
ing two peaks had amino acid compositions which do not correspond to
any known apolipoprotein. While apo C-I represented one peak (typical amino
acid composition, for example, the lack of half-cystine, tyrosine and histidine,
cne N-terminal amino acid residue threonine and the second residue proline
from the N-terminus), apo C-II could be separated into 4 peaks (five tyrosine
and one isoleucine residue, threonine as the single N-terminal amino acid and
glutamic acid as the second N-terminal residue), and apo C-III into 12 peaks
(two tyrosine residues, the lack of half-cystine and isoleucine, serine as the
single N-terminal amino acid and glutamic acid as the second N-terminal
residue). All the apo C-II or apo C-III peaks resulted in identical amino acid
analyses and no atypical amino acids such as homocitrulline have been found.
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Fig. 1. Gel permeation chromatogram (percentage transmission at 280 nm) of 50 mg of
TMU-soluble VLDL on Sephadex G-200 fine. The peak, containing the C-apolipoproteins,
was eluted between 380 and 480 ml.
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Fig. 2. Polyacrylamide gel electrophoresis (50 ug) in urea (a) and SDS (b) of the C-apolipo-
proteins. Bands from the cathode to the anode (in a): apo C-I, C-IT, C-IIi,, C-II,, C-III,.

Fig. 3. Chromatogram of C-apolipoproteins separated by HPLC under the following condi-
tions: linear gradient from 40% to 28% buffer B (0.01 M sodium phosphate, pH 6.0) eluent
methanol; 120 min, flow-rate 1.0 ml/min. RT = retention time. Peak 1 = apo C-I; peaks
2 and 4 = unidentified; peaks 3 and 5—15 = apo C-III; peaks 16—19 = apo C-II.

Comparable chromatograms were obtained under more acidic conditions
(down to pH 2.1).

DISCUSSION

These data demonstrate that HPLC is a suitable method for the prepara-
tive separation of the heterogeneous C-apolipoproteins. This method is superior
to preparative isoelectric foccusing of the C-apolipoproteins (close isoelectric
points, low yield and difficulty in removing the ampholyte [4])-

Apo C-III has been reported to consist of three polymorphic forms {10j,
which is due to different sialic acid content [11]. Whether the six polymorphic
forms iIn isoelectric focusing [4] or the 12 forms we found in HPLC are due
to differences in the sialic acid portion or due to aggregation remains to be
established. Carbamylation can be excluded, since chromatography was per-
formed at 4°C [2], the ratio of the lysine residues was constant and no atypical
amino acid residues have been found.

Apo C-II is considered to be homogeneous [8] though in isoelectric focus-
ing two forms have been reported [4]. The demonstration of four apo C-II
peaks in HPLC which are identical in their amino acid composition might be
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explained by differences in their carbohydrate content [12]. Whether our
two unidentified peaks correspond to apo C-IV and apo C-V [3] can not be

decided.

The preparation of highly purified C-apolipoprotein might be of importance
not only for raising specific antibodies but also of clinical importance [13—
15}%.
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