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Foreword

An International Symposium on Lipoprotein Metabolism was held in
Heidelberg in September 1975. This meeting was planned and organized
by Dr. HEINER GRETEN. The field of atherosclerosis research is devel-
oping rapidly. Over the past ten years a tremendous amount of new data
has been gathered with regard to the composition and structure of
lipoproteins and its component lipid and protein moieties. The amino
acid sequence of several apoproteins has been elucidated. The physical
resolution of the various lipolytic enzymes has opened the way to com-
plete characterization of them, and may eventually help to better un-
derstand the underlying defects in lipid disorders. The major cause

of death in the Western world is vascular disease and among the dif-
ferent forms it is especially atherosclerotic heart disease. It has
become more and more obvious that atherosclerosis is a multifactorial
disease and we must take into consideration the many so-called risk
factors in planning successful approaches to the prevention of athero-
sclerotic vascular disease. Without any doubt, one of the foremost
risk factors is hyperlipoproteinemia. The participants in this sym-
posium and contributors to this volume include many of the most eminent
workers in the world in the field of lipoprotein metabolism and its
relationship to atherosclerosis. Probably one of the greatest advan-
tages of this book is that it includes current work which is pertinent
to the important topics of the day.

Three years ago a new Institute for Cardiovascular Research was estab-
lished at the Department of Internal Medicine in Heidelberg. Succesful
work of such an institute depends to a great deal on international
collaboration and in particular on the exchange of ideas among scien-
tists. I hope that the proceedings of this international symposium
will suggest fruitful directions for further clinical investigation

in the field of lipid and lipoprotein metabolism. I would like to
thank Dr. HEINER GRETEN for both organizing this meeting and editing
this book. The rapid publication of the proceedings through Springer
Publishing Co. is greatly appreciated.

Heidelberg, February 1976 GOTTHARD SCHETTLER
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|. Lipolytic Enzymes

Chairmen: H. GRETEN and J. BOBERG



Lipases and Lipoproteins
W. V. BROWN, W. SHAW, M. BAGINSKY, J. BOBERG, and J. AUGUSTIN

The degradation of triglyceride-rich plasma lipoproteins and the up-
take of their 1lipid constituents by tissues is dependent on enzymatic
activities which reside on or near the luminal surface of the capil-
lary endothelium. Intravenous heparin injection releases a group of
lipid hydrolyzing activities that are not normally present in plasma.
As a result, the study of postheparin lipolytic activities (PHLA) has
occupied many investigators for more than three decades.

The Activities

A variety of different substrates are hydrolyzed by PHLA. These in-
clude triglyceride, diglyceride, monoglyceride, phospholipid, and
long-chain fatty acyl coenzyme A. The activities against partial glyc-
erides and phospholipids are of interest because these substrates are
also constituents of plasma lipoproteins. Often, however, the condi-
tions for the assays are quite foreign to any that are likely to exist
in vivo.

The Enzymes

PHLA contains two major isoenzymes with triglyceride hydrolase activi-
ty. By kinetic criteria the first of these is identical to the lipo-
protein lipase (LPL) of adipose tissue, muscle, and other extrahepatic
tissue. The second is hepatic in origin and differs from LPL in not
requiring an apolipoprotein cofactor for full activity (1). In addi-
tion, the liver triglyceride lipase (L-TGL) is activated at concentra-
tion, the hepatic triglyceride lipase (H-TGL) is activated at concentra-
lipase (2). H-TGL has a lower affinity for heparin as judged by heparin-
Sepharose chromatography, and is released into plasma earlier and cir-
culates longer than LPL after large doses of intravenous heparin

(Fig. 1) .

LPL has been highly purified from milk (3) and from the plasma and
adipose tissue of both rat (4, 5) and swine (6, 7). Homogenous prepa-
rations of plasma H-TGL were first prepared in the human (8). Only
recently have the two enzymes been isolated simultaneously in prepa-
rations sufficiently pure to allow parallel comparative studies on
their chemical properties. These studies are discussed in a companion
paper in this volume.

The diglyceride hydrolase activity in PHLA appears to be completely
attributable to the sum of the contribution by H-TGL and LPL. Mono-
glyceride hydrolase, however, may be due primarily to H-TGL since

this enzyme retains significant activity in its purified form (1).

With LPL monoglyceride accumulates in the reaction products during
hydrolysis of di- and triglycerides (9). Under certain assay conditions
little if any hydrolysis of monoglycerides can be demonstrated with
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Fig. 1. Human plasma lipolytic activities after i.v. heparin injection (60 U/kg) .
Triglyceride lipase activity was measured after separation of the hepatic (H-TGL)
enzyme from lipoprotein lipase (LPL) on small columns (1 ml) of heparin-Sepharose.
LPL was assayed at pH 8.2 in 0.12 M NaCl, 0.2 M Tris-HCl with the apolipoprotein
CII (20 pg/ml) as activator. The assay medium for H-TGL was 0.2 M Tris-HCl, 0.75 M
NaCl at pH 8.8 with no apolipoprotein
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Fig. 2. Separation of postheparin plasma on heparin-Sepharose. Elution of human post-
heparin plasma with gradient of NaCl. Triglyceride lipase activity was assayed under
conditions optimal for LPL (e—e). The phospholipase (PLAj) was measured using phos-
phatidylethanolamine as substrate (o---o) as previously described (8). Released free

fatty acids from both lipids are given on the left ordinate. The conductivity of
the eluting buffer is shown A——A)
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the latter enzyme. The possibility of a separate monoglyceride hydrol-
ase has been suggested by chromatographic data (10). This enzyme or
H-TGL could function to prevent the build-up of plasma monoglyceride
which might accumulate as a result of the LPL activity.

The surface coat of all lipoproteins contain phospholipid; therefore
the description of a phospholipase A; (PLA;) in PHLA stimulated much
interest (11). Hydrolysis of this polar lipid might facilitate access
of LPL to the inner droplet of triglyceride and thereby provide for
increased rates of hydrolysis. The activity is usually assayed in high
concentrations of bile salts at high pH (8.8 - 9.0). The Vmax with
phosphatidyl ethanolamine is approximately 25 times greater than that
with phosphatidylcholine as substrate. It now seems clear that the
H-TGL has all the properties previously described for this phospho-
lipase and is sufficient in quantity to explain most of the PLA, ac-
tivity in PHLA (8). However, recent studies indicate that LPL also
has some PLA; activity (Fig. 2). The Vmax of LPL is about 6 times



greater as a triglyceride lipase than as a phospholipase (Fig. 32.
With H-TGL, the activity is approximately equal (Fig. 4). There is,
however, little evidence that the PLA; activity of either enzyme plays
an important role in lipoprotein clearance.

The thioester of coenzyme A and long-chain fatty acid is hydrolyzed

by both H-TGL and LPL (12). Although this lipid is not a common con-
stituent of plasma lipoproteins its flux through the plasma compartment
has not been adequately studied and the mechanism of its clearance may
be an important physiologic consideration. Using triolein and palmitoyl-
CoA as substrates, human H-TGL was found to be 1.4 - 1.6 times more
active as a triglyceride hydrolase than as a thioesterase. In similar
experiments with human plasma LPL the ratios were 6 to 8. Therefore,

in relative terms H-TGL is more active in hydrolyzing palmitoyl-CoA

than is LPL.

Lipases and Lipoprotein Clearance

Studies comparing the two triglyceride lipase activities in PHLA are
still very limited in number. With an assay utilizing protamine for
selective inhibition of LPL, no relationship was found between the
level of triglyceride and either the protamine-inhibited (LPL) or
protamine-resistent (H-TGL) activity in the subjects studied (13).
There was, however, a marked deficiency of LPL in some subjects with
familial hyperchylomicronemia. Utilizing heparin affinity chromato-
graphy to separate and quantitate the individual enzymes a negative
relationship has been found between plasma triglyceride and LPL in
subjects with normal triglyceride levels (14). In three subjects studied
from two kindred with familial hyperchylomicronemia (type I hyperlipo-
proteinemia) LPL was not measurable (15). H-TGL, however, was within
the normal range. In subjects with elevated VLDL (type IV hyperlipo-
proteinemia) the mean level of lipoprotein lipase was below that of
the normal group but a large overlap of values was noted. The H-TGL
did not correlate with LPL values or with plasma levels of lipids.

Function in Tissue

The histochemical evidence of lipolysis in the capillary lumen (16),
convincing electron micrographs of adherent and partially digested
chylomicra (17), and the rapid appearance of enzyme in heparin-con-
taining tissue perfusates strongly suggest that LPL is located on the
luminal surface of capillary endothelial cells. The quantity of the
enzyme released appears to relate to the level of circulating tri-
glyceride in normal subjects. In those subjects in whom no LPL is
found, chylomicrons are cleared much more slowly but VLDL catabolism
is less altered (18).

The normal function of the enzyme on the capillary membrane must de-
pend on the complicated steps of snythesis, secretion, transport across
the endothelial cells, and binding at its site of action. In normal
individuals, the rate-limiting step in triglyceride clearance is ap-
parently related to the quantity of enzyme bound. In type I hyperlipo-
proteinemia a failure in any one of these functions could lead to the
apparent deficiency in lipoprotein lipase. Since H-TGL is apparently
normal in type I and since this enzyme and LPL share a common poly-
peptide structure with the principal differences found in the carbo-
hydrate component, low levels of LPL may result from failure of glyco-
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sylation which in turn could be expressed in failure of secretion or
binding.

In subjects with type IV hyperlipoproteinemia normal lgvels of LPL .
may simply reflect oversynthesis of VLDL. However, it is also conceiv-
able that the presence of the enzyme in a heparin-releasable form is
not sufficient to ensure optimal lipolysis and that factors such as
mobility in the membrane or allosteric changes induced by the binding
site may be highly relative to the enzyme's function.

The physiologic role of H-TGL remains a mystery. It is possible that
this enzyme is located on the hepatocyte surface, removing the small
amount of triglyceride left on VLDL and chylomicron remnants after the
major digestive process has occurred in the peripheral tissues. If

this location were true, the lipoprotein would have to pass into the
space of Disse before lipolysis could occur. VLDL would thus have
greater access to the enzyme than would the chylomicra, and in type I
hyperlipoproteinemia the disparate clearance of these two triglyceride-
rich lipoproteins might be explained.

It now seems possible that all the major lipolytic activities described
in postheparin plasma can be attributed to lipoprotein lipase secreted
by extrahepatic tissues and by an isoenzyme of hepatic origin. At
present, the only clear relationship that emerges from the study of
plasma lipoproteins and lipolytic activities is that between plasma
triglycerides and the triglyceride hydrolase activity of LPL.

References

1. GRETEN, H., WALTER, B., BROWN, W.V.: FEBS Letters 27, 306 (1972).

2. EHNHOLM, C., GRETEN, H., BROWN, W.V.: J. clin. Invest. Dy 26
(1973) (abstract).

3. EGELRUD, T., OLIVERCRONA, T.: J. biol. Chem. 247, 6212 (1972).

. FIELDING, P.E., SHORE, V.G., FIELDING, C.J.: Biochemistry 13,

4318 (1974).

5. GRETEN, H., WALTER, B.: FEBS Letters 35, 36 (1973).

6. BENSADOUN, A., EHNHOLM, C., STEINBERG, D., BROWN, W.V.: J. Biol.
Chem. 249, 2220 (1974).

7. EHNHOLM, C., BENSADOUN, A., BROWN, W.V.: J. clin. Invest. 52, 26
(1973) (abstract).

8. EHNHOLM, C., SHAW, W., GRETEN, H., BROWN, W.V.: J. biol. Chem.
(in press).

9. NILSSON-EHLE, P., EGELRUD, T., BELFRAGE, P., OLIVECRONA, T.,
BORGSTROM, B.: J. biol. Chem. 248, 6734 (1973).

10. NILSSON-EHLE, P., BELFRAGE, P.: Biochim. biophys. Acta 270, 60 (1972).

11. VOGEL, W.C., BIERMAN, E.L.: J. Lipid. Res. 8, 46 (1967).

12. JANSEN, H., HULSMANN: Biochem. biophys. Acta 369, 387 (1974).

13. KRAUSS, R.M., LEVY, R.I., FREDRICKSON, D.S.: J. clin. Invest. 4,

1107 (1974) .
14. BOBERG, J., BOBERG, M., GROSS, R., TURNER, J., AUGUSTIN, J.,
BROWN, W.V.: (in preparation).

15. EHNHOLM, C., SHAW, W., HARLAN, W., BROWN, W.V., Circulation 48,
IV-112 (abstract) (1973). o

16. MOSKOWITZ, M.A., MOSKOWITZ, A.A.: Science 149, 72 (1965).

17. BLANCHETTE-MACKIE, E.J., SCOW, R.0O.: J. Cell Biol. 51, 1 (1971).

18. QUARFORDT, S.H., FRANK, A., SHAMES, D.M., BERMAN, M., STEINBERG,
D.: J. clin. Invest. 49, 2281 (1970).



