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We tried to confirm the antioxidative capability of lecithin:cholesterol acyltransferase
(LCAT) reported by Vohl et al [Biochemistry (1999) 38, 5976-5981], The enzyme solution
protected LDL against oxidation. However, this protection was not due to LCAT enzyme,
but to some unknown low-molecular-weight substance(s) in the solution; LCAT itself
exerted little protective effect against LDL oxidation.

Key words: antioxidation, high-density lipoprotein, lecithin:cholesterol acyltransferase,
low-density lipoprotein, oxidation.

It is known that oxidized low-density lipoprotein (ox-LDL)
plays a central role in initiation of the process of atheroscle-
rosis. LDL in the intima is oxidized by various active oxy-
gen species released by macrophages and other cells in the
arterial wall (I). Ox-LDL may be recognized by the scaven-
ger receptors present on macrophages; its uptake by these
receptors may promote the formation of foam cells and thus
increase cholesterol accumulation in the arterial wall (2).

Recently, Vohl et al. suggested that lecithinxholesterol
acyltransferase (LCAT) [EC 2.3.1.43] possessed antioxidant
activity against the formation of oxidized lipids during lipo-
protein oxidation (3). LCAT is known to play an important
role in the cholesterol reverse-transport system by convert-
ing the surface cholesterol of high-density lipoprotein
(HDL) to cholesterol ester inside HDL (4). In the present
study, we examined the protective capability of LCAT
against oxidative modification of LDL using the purified
enzyme.

Human plasma LCAT was purified as previously de-
scribed (5). After 6 h incubation of LDL with Cu2+, oxidative
modification of LDL was detected as increases in both the
thiobarbituric acid reactive substance (TBARS) value (Fig.
1A), and the electrophoretic mobility (Fig. IB) resulting
from lipid peroxidation and acquisition of a net negative
charge, which reflects apo B-100 modification. In our exper-
iment, the presence of the LCAT enzyme solution almost
completely suppressed these alterations in LDL during oxi-

.dation_(Fig.l, A.and B). . ... .. .
However, as also shown in Fig. 1, A and B, this protective

action of the LCAT enzyme solution against oxidative mod-
ification of LDL was not prevented by the addition to the
assay system of either of two inhibitors of the LCAT reac-
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tion [viz. 2 mM 5,5'-dithiobis(2-nitro-benzoic acid) (DTNB)
or 1 mM diisopropyl-fluorophosphate (DFP)]. Furthermore,
neither heat inactivation of LCAT in the enzyme solution
(at 58°C for 30 min or at 100°C for 10 min) nor pronase
digestion of protein had any effect on the antioxidative abil-
ity of the enzyme solution, even though each of these treat-
ments completely inhibited the LCAT reaction (Fig. 1C).
These data indicate that the ability of the enzyme solution
to protect LDL against oxidative modification did not result
from a reaction that depended on LCAT enzyme itself.

We therefore investigated whether the antioxidative
effect of the enzyme solution is in fact due to LCAT enzyme
or to some other substance(s). The enzyme solution was
separated by ultrafiltration into three fractions according to
molecular-weight (less than 1 kDa, 1 to 10 kDa, and over
10 kDa fractions). The antioxidative effect of each fraction
was then examined. As shown in Fig. 2, A and B, the over
10 kDa fraction [which contained LCAT enzyme (67 kDa
molecular-weight)] showed no ability to protect LDL from
oxidative modification. This indicates that the antioxidative
effect of the LCAT enzyme solution is not dependent on the
presence of LCAT enzyme itself, but instead on some low
molecular-weight (<1 kDa) substance(s) present in the solu-
tion.

Two years ago, Vohl et al. reported that LCAT has the
ability to prevent both spontaneous oxidation of lipid, and
oxidation catalyzed by Cu2+ and soybean lipoxygenase (3).

_They_noted _that_the. antioxidant activity of LCAT appeared,
to be enzymatic and that catalytic serine may mediate this
activity as a reusable proton donor. Their data showing
that chemical modification of the active serine residue with
DFP completely inhibited the ability of LCAT to prevent
lipid oxidation is in conflict with our finding that DFP had
no effect on the antioxidant activity of the enzyme solution.
A difference in the LCAT enzyme used may not be a factor
in this disagreement because the enzyme we used had the
same specific activity as that used by Vohl et al. Indeed, we
obtained the same result as that shown for DFP in Fig. 1
when we repeated our experiment using LCAT enzyme
purified by the procedure described by Vohl et al. (data not

-•shown)--- — - ._.... -
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Fig. 1. Antioxidative capability of the LCAT enzyme solution against LDL oxida-
tion is independent of the LCAT reaction. Freshly prepared human LDL (d = 1.006-
1.063) was oxidized by treatment with 5 JJLM CUS0 4 at 37°C for 6 h in either the presence
of the LCAT solution or inactivated LCAT solution, or their absence. Inactivation of LCAT
enzyme was achieved by each of the following treatments: 10.4 mM DTNB, 10 mM DFP,
heating at 56°C for 30 min or at 100°C for 10 min, or pronase digestion. Oxidation of LDL
was assessed by measurement of TBARS values (A) or by 0.5% agarose gel electrophoresis
in 0.5 M barbital buffer (B). The LCAT activity in each LCAT solution was examined by
the method described in Ref. 5 (C).

Inactivation -

The unknown substance preventing LDL oxidation inter-
acted with the column contents on chelating affinity chro-
matography (Fig. 2C), but not on lectin chromatography or
reverse-phase chromatography. This suggests that this sub-
stance prevents LDL oxidation by chelating the transition
metal ions that initiate lipid peroxidation.

In conclusion, we failed to confirm the antioxidative
effect of LCAT enzyme reported by Vohl et al. (3). Our
result indicates that LCAT is insufficient to protect LDL
from oxidative modification. However, we previously re-
ported that LCAT reduced the adverse effects of ox-LDL
(6), and that LCAT activity is inhibited by ox-LDL (7) and
by oxidized phosphatidylcholine (8). Recent studies sug-
gested a physiological role for LCAT in the metabolism of
oxidized phosphatidylcholine in the plasma (9, 10). Fur-
thermore, Itabe et al. reported metabolism of the oxidized
phosphatidylcholines formed in ox-LDL by LCAT (11).
These reports suggest that LCAT may reduce the cytotoxity
of ox-LDL by metabolizing oxidized phosphatidylcholine.
We anticipate that further investigations on the participa-
tion of LCAT in the metabolism of ox-LDL will yield very
interesting results.

6.
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Fig. 2. Antioxidative effect of the LCAT enzyme solution is due to an un-
known low molecular-weight substance(s), not to LCAT enzyme. The
LCAT enzyme solution was divided into three fractions by ultranltration using a
Centricon-10 (Amersham Pharmacia): under 1 kDa molecular-weight fraction
(Mw < Ik), 1 to 10 kDa molecular-weight fraction (Ik < Mw < 10k), and over 10
kDa molecular-weight fraction (10k < Mw). LCAT activity (A) and antioxidative
activity (assessed by agarose gel electrophoresis using the same procedure as in
Fig. IB) (B) were determined for each fraction. C, the Mw < Ik fraction was dia-
lyzed against 6 mM phosphate buffer containing 2.5 M NaCl, pH 6.8, and then ap-
plied to a HiTrap Chelating column (Amersham Pharmacia). The column was
washed out with equilibration buffer (6 mM phosphate buffer containing 0.5 M
NaCl, pH 6.8), and then 0.5 ml fractions were collected. The antioxidative activity
in each fraction was assessed using the same procedure as in Fig. IB. Top, sample
applied to the column equilibrated with equilibration buffer. Bottom, sample ap-
plied to the column equilibrated with equilibration buffer after coupling with Cu2*
in0.5mlof0.1MCuSO4.
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