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Effect of protein on glycerol color development
during the assay of lipoprotein lipase
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SUMMARY The inhibition by proteins of color development
in the estimation of glycerol during assay of lipoprotein lipase
is shown to be due to the binding of formaldehyde to protein
in a form preventing subsequent color formation.

For THE purpose of assaying the lipolytic activity of lipo-
protein lipase preparations, Korn (1, 2) modified the
glycerol determination procedure developed by Lambert
and Neish (3) in order to be able to measure the amount
of glycerol liberated as the enzyme acted upon triglyc-
eride substrates. The method depends upon the oxida-
tion of glycerol to formaldehyde with excess periodate,
the reduction of the periodate and iodate to iodide with
excess sodium arsenite, and the development of a purple
color from formaldehyde with the chromotropic acid
reagent developed by MacFadyen (4). Included in the
lipase assay mixture during incubation, oxidation and
color development are the enzyme; 109, bovine serum
albumin (Armour’s fraction V) which acts as a fatty acid
acceptor; chylomicrons or “activated” triglycerides (2%,
triglyceride plus serum proteins) which act as substrates;
and 0.5 M (NH,):SO, which provides an ‘‘activating
cation.” In our hands this method has produced ex-
tremely variable results.

While studying clearing factor levels in lipemic serum
with Lipomul as an added substrate, Cleland and Iacono
(5) noticed a 259%, loss in glycerol recovery when the
serum proteins were present in the assay mixture. Korn
(2) suggested that when large amounts of protein are
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present in the assay mixture, deproteinization may be
necessary. Suehiro and Nakanishi (6) showed that adding
increasing amounts of serum to the assay mixture in-
hibited color development, with the inhibition being re-
moved by deproteinization. Kern, Steinmann, and
Sanders (7) and Stern, Iacono, and Mueller (8) rou-
tinely deproteinized their assay mixtures before color
development but did not explain why this procedure
should prevent color inhibition.

When increasing amounts of bovine serum albumin
(up to the amount usually present in the assay mixture)
are added to a glycerol solution equivalent in concentra-
tion to that present in the assay mixture, an inhibition up
to 27%, in the development of color from glycerol occurs
(Fig. 1). This inhibition occurs to the same extent
whether or not an equivalent amount of albumin is pres-
ent in the reagent blank. Color inhibition also occurs if
glycerol is added in increasing amounts to a standard
amount of albumin. Under these conditions there is not a
constant inhibition of color development which would
allow for correction by a standard curve. If, however,
the assay mixture is deproteinized with 109, trichloro-
acetic acid just prior to the oxidation of glycerol to
formaldehyde with periodate, there is no inhibition of
color development (Fig. 1). With this added step the
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Fic. 1. Effect of added albumin on glycerol color development.
Various amounts of 109, bovine serum albumin (pH 8.5) were
added to 0.014 umoles of glycerol and brought to a final volume
of 1 ml. For deproteinization the glycerol and albumin were
increased to maintain the same final concentration, 2 ml of cold
109% TCA was added at 4°, and the solution was allowed to
stand for 10 min. 0.2 m] of each solution was assayed for glycerol
by the method of Korn (2). Each pdint represents three deter-
minations.
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Fic. 2. Effect of added albumin on formaldehyde color de-
velopment. Various amounts of 109, bovine serum albumin
(pH 8.5) were added to 0.1 ml of a formaldehyde solution (which
was approximately at the same concentration as that yielded
by the glycerol in Fig. 1) to make a final volume of 1 ml. These
calculations were based on Korn’s assumption (2) that each mole
of glycerol yields 2 moles of formaldehyde upon periodate oxida-
tion. The procedures for concentration adjustments, depro-
teinization, and assay for formaldehyde were the same as those
listed in Fig. 1. Each point represents three determinations.

glycerol in the assay mixture can be recovered with an
accuracy of =19,

When the bovine serum albumin is added in increasing
amounts to a solution of formaldehyde present at about
the same concentration as that found in the assay mixture
(Fig. 2), a color inhibition up to 409, is obtained. In
order to rule out any effect which the sulfuric acid used in
the method might have in terms of denaturing the albu-
min, the formaldehyde also was added to an albumin
solution containing the proper amount of sulfuric acid.
The presence of sulfuric acid in the albumin solution
prior to the addition of formaldehyde did not affect the
degree of color inhibition.

The color inhibition with formaldehyde remains es-
sentially unchanged when deproteinization is carried out
just prior to color development (Fig. 2). This would indi-
cate that the formaldehyde is bound to protein (9), is
unavailable for color development when bound to protein,
and is removed from the solution with deproteinization.
Therefore, during the assay of lipoprotein lipase activity
using the glycerol method (1, 2), deproteinization of the
assay mixture just prior to the oxidation of glycerol to
formaldehyde is essential to prevent the loss of formalde-
hyde by protein binding.

266 JourNAL oF Lipip REsEaArRcH VOLUME 5, 1964  Notes on Methodology

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

The authors wish to acknowledge the technical assistance of
Mr. Kent Wright during the completion of this work.

This work was supported by grant 61 G 133 of the American
Heart Association.

Manuscript received September 19, 1963; accepted January 2, 1964.

REFERENCES

Korn, E. D. J. Biol. Chem. 215: 1, 1955.

. Korn, E. D. Methods Biochem. Analy., 7: 145, 1959,

Lambert, M., and A. C. Neish. Can. J. Research 28B: 83, 1950.

. MacFadyen, D. A. J. Biol. Chem. 158: 107, 1945.

. Cleland, W. W, and J. M. Iacono. U.S. Army MRNL Report

No. 222, 1958.

. Suehiro, M., and K. Nakanishi. J. Biochem. 47: 777, 1960.

7. Kern, F.; Jr., L. Steinmann, and B. B. Sanders. J. Lipid
Res. 2: 51, 1961.

8. Stern, C. A., J. M. Iacono, and J. F. Mueller. Proc. Soc.
Exptl. Biol. Med. 110: 366, 1962.

9. French, D.; and J. T. Edsall. Advances Protein Chem. 2: 277,

1945,

S N

[=

JournaL oF Lipip REsEarcH  VOLUME 5, 1964  Notes on Methodology

267

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

