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1.

INTRODUCTION

The lipids of biological systems are combined with proteins,

A group of lipid~-protein complexes containing varying amounts of
cholesterol, phospholipids and neutral fat in ecombination with pro-
teins, are referred to as lipoproteins. Depending on the lipid- pro-
tein ratio the lipdproteins vary in specific density.,

When neutral fat is absorbed from the intestinal tract it com-
bines with small amounts of phospholipids, cholestero]l and protein to
form chylomicra which may be considered as a particular class of low-
density lipoproteins. Chylomicra are present in the lymph ahd blood
as separate particles approximately 0,5 - 1,0 micron in diameter and
contain from 90 - 98 per cent or more of neutral fat.

Because of their large sise, chylomicra scatter light and there-
fore when they are present in high concentration the plasma appears
milky. After a fatty meal the comcentration of chyloiiera in the plasma
begins to rise, reaches its maximwm after & few hours, and then slowly
falls to normal levels. As the chylomicron concentration decreases,
the plasma becomes more tramsparent. The phenomenon of chylomicron
disappearance has been called lipemia clearing., As the concentration
of chylomicra decreases during lipemia clearing, a concomitant increase
in the concentration of lipoprotein moleculés of higher specific densi-
ties takes place., These observations suggest a lipid transport mechanism
in which lipids first sppear in the lymph and blood as large particles,
are gradually tramsferred into smaller and denser lipoprotein molecules



and then leave the blood stream to be metabolized or stored. It is
not knowm to which extent the intravascular transformation of low-
density lipoproteins to high-density lipoproteins is a prerequisite
for the transfer of fats from the blood to the tissues or for their
movement in the reverse direction,

Hahn (46) in 1943, observed that intravenous administration of
heparin to lipemic dogs increases the rates of lipemia ¢learing. Since
addition of heparin t.o‘lipenic plasaa in vitro had no effect on the com-
centration of chylomicra, ii was concluded that after heparin administra-
tion a particular factor (later named, “clearing factor") is produced.,
There are reports suggesting that clearing factor is present in normal
human blood and is activated when, after a fatty meal, the neutral fat
reaches the blood stream.

It has besn shown that clearing factor acts on the triglycerides
of chylomicra mainly by lipolysis, i.e., by hydrolysing the triglycerides
into fatty acida and glycerol, Very little is known as yet about the
nature of the lipolytic activity of clearing factor. Some of the views
as to the nature of the lipolytic activity of clearing factor are liasted
below:

(a) Clearing factor is a distinctive lipase containing heparin
or another negatively charged mucopolysaccharide in its structure (10k).

(b) Qlearing factor is a heparin-phospholipid complex and die-
plays its lipolytic activity by activating blood esterases and these in
turn hydrolyze chylomicra present in the blood (1, 79).

(c) (learing factor is identical with the lipoprotein lipase
(63, 65). Lipoprotein lipase iz an enzyme found in mapmalian tissues
which hydrolyzes the neutral fat of lipoproteins te free fatty acids

2,
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and glycerides or glycerol.

In this work it has been attempted te isclate the clearing
factor and to study its nature and kinetics, Sinc§ until recently
clearing factor could be cbtained only in very crude preparations,
the main objective of this work has been to develop a method for
parifying clearing facter from the bleocd of humans to whom hepa.rin
had been adninisterod The kinetic properties and lipolytic action
of purified clearing factor have also been investigated and compared
with those of pancreatic lipase,

# hereafter called "post-heparin bloed.™



k.

REVIEW OF TEE LITERATURE

Physico-chemical properties of lipoproteins: At the beginning

of this century, Nerking (93) and later Haslam (L7) suggested that the
lipids present in body fluids are assoclated with proteins and not float-
ing in & free state. In 1929, Macheboeuwf (85) first isclated a lipopro-
tein moiety from horse plasma, which in addition to the protein contained
168 per cent cholesterol and 23 per e¢ent phospholipids. In 1946, Cohn
and collagborators (17) obtained more complete plasma lipoprotein com-
plexes by introducing a low-temperature ethanol-fractionation method,

By this method in which the hydrogen ion concentration, ethanol concen-
tration, ionic strength, protein concentration and temperature are con-
trolled, the components of blood plasma are precipitated into several
distinctive fractions., Studying the physico-chemical properties of
lipoproteins thus obtained Coln et al. (17), Oncley, Gurd, and Melin
(101) and Oncley, Scatchard, and Brown (102) found that the lipopro-
teins were almost exclusively present in plasma fractions IV-l and ITT-0.
Since these fractions migrated electrephoretically with the speed of
alpha~l-globulin and beta-l=globulin, respectively, they were named
alpha and beta lipoproteins. Beta lipoproteins (molecular weight,
1,300,000) were found to consist ofs unesterified cholesterol, 8.k per
cent; cholesterol ester, 22,5 per cent; phospholipid, 29.3 per cent;

and protein 23,0 per cent. The chemical composition of alpha lipopro-
teins (molecular weight, 200,000) was found to be: protein, 6§ per cent;

phospholipids, 2k per cent; and cholestercl, 12 per cent. These figures
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are in good agreement with those givem by other workers for the com-
position of lipoprotein complexes (107, 71, 112, L8). The literature
on the lipoproteins in humen plasma has bheen more completely summarized
by Oncley (99,98) and Oncley and Gurd (100).

Ultracentrifugal analysis of the lipoproteins of the bloods The
introduction of the ultracentrifuge by Svedberg (119) opened a new ap-
proach to the study of the lipoproteins present in blood plasma, Besides
its successfui application in the investigation of the molecular dimen-
sions of proteins (89, 106) the ultracentrifuge has proved itself very
useful for isolation of lipoproteins.

Gofman, Lindgren and Flliott (36), increasing the density of
serun by the addition of NaCl and applying highespeed centrifugation,
floated serum beta lipoproteins to the top of the mixture. This method
(82, 33) permits the isolation of blood plasma lipoproteins of the specife
ic density desired simply by varying the type and amount of sslt added
to the plasma under investigation.

Using the Svedberg wnit (S, 1 x IO'Blu/sac/dyno/gl) to measure
the rate of flotation of lipoprotein molecules in a eentrifugal field,
Gofman o_t. al. (3L) and others (58) found beta lipoproteins to consist of
rony classes of moleculss ranging from large, less dense molecules of
S 40,000 to those of high density with S, values of . Anelysing sermm
lipoproteins by chemical and ultracentrifugal procedures, Gofmsn (32)
and Gofman and collsborators (35, 36) found that the lipid portion of
serum beta lipoproteins above Sy 17 consists of cholesterol, phospho-
1lipids and neutral fat, while the lipld portion of high density beta
lipoproteins (S, k~17) cont&ine only cholesterol and phospholipids.



These authors also observed that with decreasing density the neutral
fat content of lipoproteins increases. Jones and collaborators (58),
studying lipoproteins of human sera by ultracentrifugal and t racer
techniques, concluded that the lifetime of lowedensity protein is in

a range of several hours, On the bzsis of this finding and the guante
itative studies of lipoprotein Sp classes in the ultracentrifuge, they
suggested that the lipoprotein components withlhigh Sf values are
progressively transforimed into those of the lower Sf classes.

Chylomicrons: - The milky appearance of blood plasma after

fatty meals has been recognized for many years. In 192l, Gage and Fish
(28), using dark field microscopy, observed the presence in the blood
stream of fatty particles 0.5 = 1.0 u in diameter. These they named
chylomicrons., They also observed that the corcentration of chylomicrons
in the serum increased after ingestion of fat and became maximal
approximately 2 to 3 hours after a fatty meal.

Fraser and Stewart (25) and Cynningham and Peters (19) found the
chylomicrons to consist almost entirely of neutral fat. Fyaser (23),
studying fat absorption and metabolism, concluded that neutral fat,
after being absorbed intc the lymph and the olood, is present as -
finely dispersed particles which carry a thin film of protein on
their surface. Lgater, Fraser (2L) reported that the physico-chemical
properties of the chylomicrons found in lymph differ from thosze of
the chylomicrons found in bleod, an observation which suggests rew
distribution of neutral fat on the way from the lymphatic system to

the olood stream. Havel and Fredrickson (L9) found that half
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life of palmitic acid-l1-Cll - labeled chylomicra in dog to be 15 to
20 minutes.

Although chylomicrons consist (90 to 98%) of neutral fat and
contain only =mall amounts of cholesterol, phospholipid and protein
(22,23,2k) nevertheless, they are lipid-protein eomplexes, and as such
are to be considered low density lipoproteins. The ultracentrifugsl
studies reveal that the S, classes of lipoproteins which have fletatien
rates higher than’S, 400 actually represent chylomicrons., Studying N-
terminal groups md electrophoretic migration of proteins associated with
dog and hwman chylomicrons, Rodbell and Fredrickson (111) concluded that
at least three types of proteins are associated with these chylomicrons.

Heparin-induced clearing factor: « Tn 1943, Hahn (46) using hep-

arin as an anticoagulant in his studies on the circulating mass of red
cells in dogs, first observed the lipemia-clearing action of heparin.

He noticed that the lipemia of those dogs which received intravenous
heparin, disappears at a much faster rate than the lipemia of degs which
had not received heparin. If heparin was added in vitre to lipemic
plasna or serum, lipemia clearing did not tsake place,

Weld (2k) in 194k reported that the intravenous administration of
heparin causes clustering and disasppearance of chylomierons. Anderson
and Fawcett (1) found that lipemia clearing continued in vitro whem
plasma or serum was collected a few minutes after intravenous adminis-
tration of heparin to lipemic dogs. In addition to the clearing of
lipemic serun, they found that administration of heparin lowered the
surface tension of the plamsa, On the basis of these findings, they



postulated that in vivo heparin may combine with a phospholipid and thus
produce a lipemia-~clearing “antichylomicromemic factor."™ In 1952, Aufin-
sen Boyle and Brown (2), employing a combination of Cohh's methods VI and
IX of low-temperature ethanol fractionation of post-heparin plasma, achieved
four-fold purification of the lipemia-clearing component which they named
¥clearing factor." They also reported that the supernatant of tissue
minced with heparin and human plasma produces clearing of an added fat
emulsion., Nikkila and Pesola (96) in 1956 obtained forty-fold purifica-
tion of post~heparin clearing factor by inereasing the hydrogen ion con-
centration of posteheparin plasma to pH 5.6, adsorbing the resultant pre-
cipitate on caleimm phosphate gel and eluting it again with sodium citrate.
Recently, Hollett and Meng (52) reported up to 1,480 times purification of
clearing factor by fractionating post-=heparin plasma with ammonium sulfats.
The present author, however, following their procedures, has been unable
to purify clearing factor by this method.

Hood et al. (55), Meng, Hollett and Cole (91) and Grossman (L1)
studied conditions under which the lipemia clearing is optimal. They all
agreed that the greatest concentration of clearing factor is found in post-
heparin plasma 30 - 60 minutes after the intravenous administration of hep-
arin., Meng and collaborators reported that the optimal rate of clearing
factor activity occurs at pH 6.k ~ 7.0 and within the temperature range of
35 - 40° C, Grossman (41) on the other hand, found the optimal tempera-
ture to be 252 ¢, He found the clearing factor to be very thermolsbile,
so that after incubation for one hour &t 40° C. it was completely inactiv-

ated .
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Brown, Boyle and Anfinsen (12) attacked the problem of the mech-
anism of clearing factor activity. They postulated the occurrence of a
two-stage reaction mechanism: |
First:; plasma precursor protein + heparin + tissue factor — clearing factor
Second: low demsity beta lipoproteins + plasma co-proteins clearing factor .

[l

—_ smaller high density beta lipoproteins + alpha lipoproteins.

Kunkel and Bearn (66) administerad P3, labeled phospholipids to
human subjects and found the radloactivity distributed among alpha and
beta lipoproteins. They also demonstrated exchanges of phosphatides tak-
ing place between alpha and beta lipoproteins. Employing C;) and Si3g
labeling, Gould (39) found that cholestercl can also interchange between
alpha snd beta lipoproteins. Supported by the findings of their electro-
phoretic stwiies on plasma lipoproteins after the administration of hep-
arin, Herbst, Lever, Lyons and Hurley (51) eriticized the reports on the
conversion of beta lipeproteins into alpha lipoproteins during lipemia
clearing. Citlin et al (31) studied the interconversion and turnover
of peptidesa connected with lipoproteins of varying densities. Peptide
moieties of lipoprotein were labeled with I)3; snd tracer doses were in-
jected to normal individuals and to children with nephrotic syndrome. On
isolation of alpha and beta lipoprotein molecules of various dimensions,
no interchange of peptide moleties between alpha and beta lipoproteins
was found. The findings of Avigsn, Redfield and Steinberg (3) that alpha
and beta serum lipoproteins have different N-terminal residues supports
the view that there is no interconversion between alpha and beta lipopro-

telns,
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Shore, Nichols and Freeman (117) and Nichols, Rubin and Lindgren
(94), after incubating post-heparin plasma or "heparin active factorn
with lipoproteins obtained from egg yolk, found partial hydrolysis of
the glyceride component of the lipoproteins, suggesting a lipolytic action
of the cloaririg factoar,

Levy and Swank (79) found increased activity of blood esterases
after the administration of heparin., They suggested that increased ester-
ase activity may be responsible for the lipolytic activity observed after
adliniatration. of heparin.

Overbeck and Van der Vies (10L), studying the effects of various
substances known to inhibit and accelerate the action of pancreatic lipase,
alli-esterases (108) and clearing factor, concluded that clearing factor
18 not identical with alliesterases or pancreatic lipase. The lipolytic
activity of clearing factor now is well established and has been con-
firmed by many investigators (12, k3, 43, 109).

French, Robinson and Florey (27) have reported that the addition
of normal plasma t0 & mixture of post-heparin plasaa and chyle increases
the rate of chyle clearing. They suggested that a plamma factor other
than heparin may determine the rate of the clearing reaction. Gordon
et al. (38), using post-heparin plasma active fraction and coconut oil
emulsion as substrate, found that the addition of albmmin (bovine or
human) increases the rate of clearing of the lipemic mixture., They also
found that the addition of 0,005 ml of normal serum to the mixture of
their clearing factor preparation and coconut oil increases the rate of
the clearing reaction by SO per cent. On the basis of these findings

the authors postulated that a plasma co~-factor is necessary for the



lipemia clearing reaction. The importance of albumin in lipemia clear-
ing has been stressed by Nikkile (95), Grossman et al. (Ll) and others
(115, 26). Xorn (63) has reported that the role of albumin in the cleare
ing reaction is to accept fres fatiy acids and that albumin can be re-
placed by other free fattiy-acld acceptors as, for example, calcium ion.
Selden and Westphal (116), swpporting the idea that serum albumin acts

&8s a free fatty-acid acceptor, have suggested that the term ™nonesteri-
fied fatty acids (NEFA)" be used instead of "free fatty acids" since
serum fatty acids are bound to the albumin and therefore not free,

Levy and Swank (78) and later Worley and Lequire (125) found
lipemia clearing to be accelerated in fat-fed dogs when the dogs were
put in peptone or anaphylactic shock, These authors suspected that the
release of heparin was responsible for the cbserved lipemia clearing.
Injecting 20 =50 ml of cottonseed oil emulsion or merely the emulsifying
agentl without fat to fasting dogs, Lever and Baskys (70) observed that
clotting time and lipemia clearing activity were prolenged in the collect-
ed plasma of these dogs., Since these chenges were reversed by the sub-
sequent administration of protamine, they concluded that the administra-
tion of phosphatide preparation to the dogs stimulated the release of
heparin or a heparin-like material. Browm (1l1), Gilman, Hathom and
Penn (30) and others (18) have found that dextran sulfate and some other
sulfated polysaccharides have a heparin-like lipemia-clearing effect when
administered intravencusly.

1. Emulsifying agent was 1,2 per cent soybesn phosphatide; 4.2 per cent
dextrose,
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Lipoprotein lipase versus clearirig factor: - Incubating mouse

pylorus extract with heparin Brown and Xaufman (13) found that production
of clearing factor 1s also taking place in vitro.

Korn (63, 62) extracted from acetone-dried heart and adipose tis-
sue powder & lipolytic agent which he named lipoprotein lipase snd iden-
tified it as behaving like postheparin elsaring factor. He suggested
that lipoprotein lipase is a native lipelytic enzyme of blood and tissues
which hydrolyzes the triglyeceride moleties of alpha as well as beta lipo-
protein molecules to free fatty acid and glycercl. The following overall
reaction was proposed by Korn as taking place:

1. Alpha lipoproteins + triglycerides non ensymatically » chylemicrons

2, OChylomierons lipoprotein lipase 3 fatty acids + glycerol +
alpha lipoprotein

Overbeck (103) in summarizing the fat hydrolyzing enzymes of the
blood suggests that clearing factor is & simple lipase contalning hep-
arin or another negatively charged mucopolysaccharide in its structure.
When heparin of postheparin plasma was removed en an ion exchange resin,
Robinson (109) found that the effluent still had lipolytic activity but
vwas less stable, Addition of mmall smounts of heparin restored the sta-
bility to the level of the starting material, Korn (6L) found 60 per cent
inactivation of its lipoprotein lipase preparation when Incubated with
heparin-metabolizing bacteria (105). He interpreted this as evidence that
heparin is an essentisl component of lipoprotein lipase.

Action of protamine and other inhibitors om clearing factor: - From

the work of Chargaff and Olson (15) and others (123) it has been known

that protamine has an antagonistie effect on heparin in respect to bloed



coagulation. Brown (11) in 1952, studying the mutusl effects of heparin
and protamine on alimentery hyperlipemia, found that protamine antagonized
heparin also in regard to lipemis clearing. Under the action of heparin,
the disappearance of lipemia 1s reversed within & few minutes after ad-
ministration of protemine. Spitser (118) reported that lipemic dogs be=
came more lipemic on adminietration of protamine, Bragdon and Hovel (10),
studying substances which form insoluble compounds with heparin, found
that only protamine reverses the effect of heparin on alimentary lipemia
in non~toxic doses, The inhibitory and reversing action of protamine on
lipemia clearing has been well substantiated by many other investigators
(b5, 73, Sk, 55).

Studying alimentary lipemia clearing after heparin administration
to 100 subjects with coronary diseases and 100 control subjects, Oliver
and Boyd (97) found that alimentary lipemia clearing rate increasod only
in 50 of the individuals with coronary disease, whereas it increased in
all the control subjects. Hollett and Meng (53), Lever and Klein(7k)
snd Klein, Lever and Fekete (60) have reported the presence of specific
clearing factor inhibitors in human and animal blood and tissues.

Effect of clearing factor on 112&1& clearing and on the lipo-

proteins of the blood: - In 1951, Graham and collsborators (LO) observed

the redistributing action of heparin on the lipoproteins. They reporteds

"Heparin administered t0 humans and rabbits causes profound re-
orientation of the distribution of low density lipoproteins
characteriged by a shift of lipoproteins of high Sg rates to
those of successively lower Sy rates. The association of these
two changes suggests a progressive conversion of the higher Sg
lipoproteins into those of lewer Sy rates.,"



Loews et al. (84) studying the effect of heparin on the serum lipoproteins
of normal subjects, and later Lever, Herbst and Lyons (72) studying the
effect of heparin om the serum lipoproteins of patients with idiepathic
hyperlipemia and primary hypercholesteremic xanthomatosis, confirmed the
previous reports that the administration of heparin causes a shift of
lipoproteins from the higher to the lewer Sy classes, Lindgren, Freeman
and Grahem (81) reported that lipoprotein fransformation alsc takes place
in vitro. These authors incubated the "active fraction" of post~heparin
plasma (obtained in the bottom of the centrifuge tube after high speed
centrifugation) with lipoproteins of the Sy 20 - 200 class and obtained
lipoproteins of the S, L -~ 20 class after 60 minutes of incubation. Boyle,
Bragdon and Brown (9) reported that the conversion of alpha lipqprotéins

of low density to alpha lipoproteins of higher density takes place in vitro
in post-heparin human plasma. Carlson and Wadstrom (1k) suggested that when
the triglyceride fraction of the lipoprotein molecule is hydrolyzed to
fatty acids and glycerel, the lipoprotein is automatically transformed into
deﬁaor molecule. The findings of Levine, Kaufman and Brown {77) that the
protein portions of low-dehsity lipoproteins a.reﬁntigmic&lly similar

seem to support such thinking. Employing free-boundary and paper electro-
phoresis methods, Lever, Smith and Hurley (75) and Herbst, Lever and Hur-
ley (50) observed that administration of heparin to patients with idio-
pathic hyperlipemia and to subjects with alimentary hyperlipemia increases
the speed of elaectrophoretic migration of serum lipoproteins, They found
that in all cases after intravenous administration of heparin the conoen-

tration of chylomicrons decreases and that the beta and alpha lipoproteins
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migrate at an increased rate. These authors suggested that the lipolytic
action of clearing factor is responsible for the increased electrophoretic
mobilities of serum alpha and beta lipoproteins. Following is a direct
quotation from Herbst, Lever and Hurley (50):
"Tt seems more likely that products released by the action of the
heparin-induced clearing factor cause the electrophoretic changes.
If we assume that the increase in electrophoretic mobility of the
alpha and beta lipoproteins after an injection of heparin is due
to the binding of fatty acids by these lipoproteins several find-
ings in our study would find an explanation.”
These suggestions were later substantisted by the observation (7) that
incubation of pancreatic lipase with triglycerides in the presence of
normal plasma or even in vitro addition of small amounts of oleic acid
to normal plasma increases the electrophoretic mobility of serum lipo-
proteins. The findings of McDaniel and Grossmen (88) also support the
view that the lipolytic action of clearing factor causes the changes in
electrophoretic migration of serum lipoproteins.

Physiologic action of clearing factor; - Engelberg (20) found

endogenous clearing factor present in the untreated plasma of 25 out of 39
normal individuals tested, but he was unable to detect clearing factor

activity in the serum of these same individuals, Gates and Gordon (29)

found lipolytic activity in the serum of 7 human donors. They concluded
that the weak lipolytic activity is due to the presence of lipoprotein
lipase in the serum of these donors., Robinson et al. (110) reported
that lipemic human plasma after a fatty meal, when incubated at 37° C.,
shows slight spontaneoustlearing activity. These findings have been

confirmed by other investigators ( 7, 76 ). The above reports
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suggest that clearing factor is a physioclogical substance which comes inte
play particularly after absorption of fat, Lindgren and collaborators (80),
studying blood lipoprotein transformation, concluded that

"the introduction of a fat load into the bloed stream in the form
of chylomicra or lipomicra probably is the initiating factor in
lipoprotein transformation., In some way this fat load must stim-
ulate the clearing factor mechanism, possibly through heparin re-
lease, As the result of an increase in serum lipoprotein lipase
activity the lipoprotein transformetion reaction is driven through
the entire S¢ 20 - 105 range of lipoprotein complexes. The actual
transformation of high S{ lipoprotein complexes to lower Sy lipo-

protein complexes is achleved by glyceride hydrolysis (at the
surface of the glyceride core) with fatty acid release.”

Sexl (113, 11h), studying the 1lipid metsbolism of aging arterial
tissues, reported a mechaniem for clearing factor production. She found

that incubation of elastase (L, 5, 6) with fresh ligsmentum nuchea or

hunan acrta for 20 hours, releases fat globules into the buffer. Addition
of alphe; and alpha, tractions o: gerum globulin to that mixture resulted
in rapid clearing of the soclution. The disappesrance of chylomicra dur-
ing that clearing reaction was demonstrated by the electron microscope.
The author concluded that elastase (in particular the mucolytic portion
of elastase) and a mucopolysaccharide complex react with alpha; and
alpha2 fractions of serum globulin to form clearing factor.

This brief survey of the literature shows the importance of the
role of clearing factor in the metabolism and tramsport of lipids. The
present investigation has been undertaken in the hope that it may con~-
tribute to better understanding of the nature and mode of action of this

lipolytic agent.
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EXPERIMENTAL

I. SEPARATION AND CONCENTRATION CF CLEARING FACTOR

A, MATERIALS

Postheparin human plasma was used as starting material, One
milligram of sodiwm heparin was administered intravenously per kilo-
gram of body weight to nomal human subjeets, and 30 minutes later
blood was collected into acid cltrate dextrose solution, Plasms was
separated by centrifugation for 30 minutes at 2,000 g and stored at
5° ¢. Sterile precautions were maintained throughout thess procedures.
B. METHODS OF DETERMINING LIPEMIA CIEARING ACTIVITY OF P.OSTmPAR]N

PLASMA AND TTS FRACTIONS

1. Grosmmsn's method of measuring optieal damsity (h1).

This method is employed for the purpose of screening and
comparing various plasmas and plasma fractions with clearing factor
activity after addition of a fat emulsion.

(a) Principle

Optical density of a solution, in the limits of Beer's law,
is directly proportional to the concentration of light adsorbing or
light scattering material present in that solution. When in these
tests fat emulsion is cleared by the action of clearing facﬁor (prob-
ably due to the disappearance of chylomicrons) the optical density of

the emulsion decreases and is measured in a spectrophotometer.
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(b) Procedure

To 1,2 ml of postheperin plasma or to the same volume of the
other system, 0.3 ml of standard fat emulsion,? diluted 1130 with water,
is added and the optical density of the mixture is measured at various
time intervals in & Coleman Junior Spectrophotometer at 700 using
distilled water as a blank, Between readings the samples are kept in

the 37° C. water bath,

The l:l.pelﬁic action of clearing factor is measured by determining
the products of triglyceride hydrolysis, namely unesterified fatty
acids and glycerol.

2, Gordon's method for the determination of fatty acids (37).
(a) Principle

In this method mesterified fatty aclds are extracted and

titrated with dilute alkali of known normality.
(b} Procedure

From 1 ml. to 2,5 ml portions of the reaction mixture are
quantitatively placed into 50 ml screw~-topped tubes and immediately
frozen in an ethanol-dry ice bath. During freezing the tube is re-
volved on slant in the bath se that the frozen sample covers 1" to
2" up the side of the inbe. The water from these samples is removed
by vacuum-drying in a frozen state for L or more hours. To the dry

2. Standard fat emulsion was generously supplied by Dr. E,A.Hawk,
Medical Division, Dept. of Cliniecal Investigation, The Upjohn Co.,
Kalamazoo, Michigean, It consisted of: 15% coconut oil dispersed
a8 one micron particles in water containing 0.5% Pluronic (a non-
ionic detergent) and 1.0% polyglycerololeate,
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gample 30 ml of a l:1 mixture of acetic acid glacizal and iso-octane
(2,2,h-trinethylpentane) solution is added, the mixture is gently
shaken for a few seconds and left standing for 30 minutes., At this
time the blank is prepared consisting of 30 ml of the acstic acid-
iso-octane solution and also the standard consisting of 1 ml of
0,002 N palmitic acid in iso-octane, 1l ml of iso-octene and 15 ml
of glacial acetic acid. The tubes are centrifuged for 2 minutes at
5,000 g and from each tube 25 ml of the solution is quantitatively
transferred into another 50 ml screw-topped tube, To the transferred
solution 25 ml of 1:2,000 dilute sulfuric acid are added and shaken
by inverting the tube 10 times. (The screw top of the tube must be
provided with teplon lining in order to prevent 1eal§1ng). The mix-
ture in the tubes is centrifuged for 1 minute at 3,000 g and the
intranatamt (scetic and sulfuric acid solution) is removed by means
of & long needle and syringe., The washing with dilute sulfuric acid
of the remaining iso~octane and fatiy acid solution is repeated twice,
leaving the mixture after the last washing to stand overnight at 5° C,
Again the phases are separated by centrifugation and the
aqueous phase is removed by means of a syringe. 5 ml of triple-
washed supematant and 1 ml of Nile Blue indicator’ are quantitatively
placed into 15 ml conical centrifuge tubes and 0,02 N NaOH solution is
obtained. The contents in the titration tube are mixed by bubbling of

3. 1:9 stock aguecus solution of commercial Nile Blue A (0.02 per eent
in water washed with iso-octane until free of extractable colored ime
purities) and absolute ethanol.



nitrogen gas. For the calculation of titratable acidity present in the

sample under determination, the following equation is used:

microequiv- ml 0.2 N NaOH ml 0.02 N NaCH
alents of X for unknown -~ for blank titra-

standard titration tion microequivalents
= 0f acid present
in the sample
mi 0.02 N NaOH ML 0,02 N NaOH
for standard - for blank titra-
titretion tion

3. Olycerol determination by the method of lLambert and Neish (68)

(slightly modified)
(a) Principle
Oxidation of glycerol by periodic acid to formaldehyde and

coupling the latter with chrometropic acid 1:-eta.gent.!‘l to giw a colored

solution,
(b) Procedure

From 1 to 2.5 ml of res&ction mixtures are quantitatively
placed into 50 ml test tubes and 9 ml of 2.5 per cent solution of tri-
chloracetic acid are added end the mixture is centrifuged for 15 minutes
at 5,000 g. 10 ml of the supernatant is quantitatively placed into
100 ml volumetric flask and diluted to 20 ml with distilled water. The
solution is acidified by the addition of 1.0 ml of 1 ON stoh and then
is reacted with S ml of 0.1 M sodium periodate (Na3H2106) for exactly
5 minutes. After 5 minutes the oxidizing action of sodium periodate

is stopped by the addition of 5 ml of 1.0 M solution of sodium arsenite

20,

b. 1.0 g of chromotropic acid (1.8 dihydroxynaphtalene - 3.5-disulphonic

acid) is dissolved in 100 ml of distilled water and LOO ml of 12 N sul-
phuric are added.
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(Nl&SOz). After standing for 10 minutes, the contents in the volu-
metric flask are diiuted to 100 ml mark with distilled water., Then
1,0 ml of the solution is placed into a 25 ml pyrex test tube and
10 ml of chromotropic acid reagent (86) added. The contents in the
test tubes are mixed and placed in boiling water bath for 30 minutes.
To prevent direct light from falling on the tubes, the water bath is
kept in a dark place. After heating, the tubes are cooled t¢ room
tamperature by running cold water and the solution is transferred in-
t0 19 x 105 mm. Colemsn cuvettes. The optical density readings are
taken at 570 millimicrons using distilled water as a blank.

The standard glycerol curve is prepared (by determining
optical densities of known concentration of pure glyecerol in fasting
plasma) and the obtained optioal density velnes are converted into

micrograms of glycerol.

C. PROCEDURES EMPLOYED FOR CIEARING FACTOR SEPARATION

1. Fractionation of postheparin plasma employing Cohn's low temperature

ethanol method X (16).

Reports in the literature on clearing factor activity found
in the postheparin plasma fracticons after low temperature ethsnol frae-
tionation suggested a promising method for obtaining erude clearing
factor preparation for possible further purification.

(a) Reagents

Reagent A
250 m1 95 per cent ethanol

2.1 m1 acetate buffer

Diluted to 1 liter by distilled water



Acetate Buffer

20 m1 4§ M sodium acetate
4O ml 10 ¥ acetic acid
Diluted to 1 liter with distilled water

Reagent B
175 ml 95 per cent ethanol

45 ga glycine
1.0 m1 1 M sodium acetate
l.0ml 1 N acetic acid
Diluted to 1 liter with distilled water
ent C
160 ml 95 per cent ethanol
45 gm glycine
2.5 ml zodim glycinate buffer
3.2ml 0.5 M NagHPO), solution
2.4 ml 0.5 M NagHPQ, solution
Diluted to 1 liter with distilled water
Sodium Glycinate Buffer

75 gn glycine
20 ga NalH

Dissolved in 1 liter of distilled water

{b) Procedure

100 ml of postheparin plasma and ;00 ml of reagent A are
precoéled to 0° C. and mixed in a 1,000 1l Erlenmeyer flask., The

mixture is kept at -5% C. for 15 minutes in an slcohol-water bath

22,
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and is continuously mixed by means of a mechanical stirrer. The
formed precipitate (Fraction I + II + III) is separated by centrifu-
gation for 30 minutes at 8,000 g and -5° ¢, Samples of Fractions
I+ II + Il and of the supsrnatant containing Fractions IV + V + VI
are taken for the determination of clearing factar activity.

To the precipitate (containing Fractions I + IT + III) 160 ml
of reagent B are added and the mixture is stirred for one hour maintain-
ing the temperature at =5° C. The resulted precipitate containing Frac-
tions I and JII is separated by centrifugation at 3,000 g and =5° C.
for 30 minutes., The ssmples of the precipitate and of the supernatant
containing Fraction II, are used for the determination of clearing fac-
tor activity, To the rest of the precipitate containing Fractions I
and IIT, 200 ml of reagent C are added and the mixture is kept in an
alcohol=water bath at -5° C. while stirring mechanically for one hour.
The mixture is centrifuged at 3,000 g and -5° C. for L5 minutes and the
presence of clearing factor sctivity in the supernatant and precipitated
fractions is determined, After removal of ethanol by evaporation under
vacum, the following systems of the collected samples were prepared in
duplicate and the lipemia clearing action tested.

To sach of the following tubes containings
(a) 100 mg. of wet weight Fractions I + II + IIT dissolved in 0,6 ml
phosphate buffer at pH 7.4
(b) 0.5 ml of supernastant containing FPractions IV + V + VI
(c) 0.6 ml of supernatant containing Fractions IV + V + VI plus
50 mg of wet weight Fractions I + II + III
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(d) 100 mg. of wet weight Fraetion I + III dissolved in 0.6 ml
phosphgt ¢ buffer at pH 7.k

(e) 0.6 ml supernatant containing Fraction II

(£) 0.6 ml supernatant containing Fraction II plus 100 mg. of
wet welght Fraction I + III

(g) 100 mg. of wet weight Fraction I + ITI -1, 2, 3

(h) 0.6 ml of supernatant containing Fraction III - ©

(1) 0.6 ml of phosphate buffer at pH 7.k

(3) 0.6 ml postheparin plasma

0.6 ml of normal preheparin plasma and 0.3 ml of standard fat
emlsion are added and the optical density and glycerol value
are determined before snd after incabation for 60 minutes at 37° C.

The results of these determinations ere reported in Table I.



TABLE I.
Lipolytic activity of postheparin plasma fractioms obtained by sthmol fractionation,

ez

- rectios Tested miﬁjmsiw Glyecercl Vaiue Substances

. ons Tes Value in Mi in th

No, | "'T%u Thmgiing —_Time of %‘:sﬁan Frtot:l:n
min, 0 min, 60 =min.

1. Fractionse in 0,6 ml phesphate buffer pH 7.h

I+II+IIT + 0.5 ml preheparin plasma 65 53 360 Lo
¢ 0.3 wl standard fat emulsion

2. Fractions in 0,6 ml supernate '
IVAV+VI 4 0.6 ml preheparin plasma 6k 65 370 380
4 0.3 ml _standard fat emulsion

3. Fraction in 0.6 ml supernate

I + 0,6 nl preheparin plasma 60 58 360 370 ~% -§1lebulins
4+ 0.3 nl standard fat emulsion ' _
k. PFractions in 0.6 ml phosphate buffer
T+IIT + 0.6 ml preheparin plasma 6l L9 365 420
___* 0.3 nl standard fat esmlaion
5. Fractions in 0,5 ml supermate Lipid peonfglobulin
I1I-0 + 0,6 ml preheparin plasma 65 65 358 360 lipoproteins
+ 0.3 ml stendard fat emulsion ruloplasmin
6. Fractions in 0,6 ml phosphate buffer Plasminogen, fibrin
I+IIT- + 0,6 ml preheparin plasma 6l b7 360 k20 egm, prothrombin,
1,2,3 + 0.3 ml standard fat emulsion iso-glutinins

7. 0.6 ml of postheparin plasma + 0,6 ml
phosphate buffer pH 7.f; + 0.3 ml 63 28 370 1465
standard fat emulsion

8. 0.6 ml of normal preheparin plasma
+ 0.6 ml phosphate buffer pH 7.k 64 62 365 370
+ 0,3 ml standard fat emulsion

% Each experiment represents an average of two determinations,
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2. Isolation of clearing factor by extracting postheparin plasma

with othyl ether.

(a) Reagents

Anhydreus ethyl ether
Ethanol reagent:

250 ml absolute ethanol
2.5 ml L M sodium acetate
Diluted to 1 liter with distilled water

(ycine Buffer at pH 8.6
250 ml. of 0¢2 M solution of glycine
20 ml of 0.2 M solution of NaCH
Diluted to a total of 1 liter with distilled water
(v) Development of the preliminary procedure,
In order to detemnine the effect of fat solvents on the

lipemia clearing activity present in the postheparin plasma Fraction:
I+JITI-1, 2, 3, thie fraction was extracted with solvents of dif-
fering polarity. Swmall volumes of original postheparin plesma were
also extracted as controls. The fellowing extractents were useds
benzens, cyclohexane, carbon tetrachloride, petroleum ether (B.P. 30
to 60° C.), chloroform, ethyl ether, 3 parts ethanol plus 1 part ether,
acetone, ethanol, and ethylene glycol.

It was found that with the exception of ethyl ether all sol-
vente used decreased or destroyed the lipemia clearing activity of poat-
heparin plasma and that of Fraction I + IIT - 1, 2, 3. When postheparin
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plasma and ethyl ether, or Fraction I + III - 1, 2, 3 plus some water
and ethyl ether, were mixed at ~5° C. a precipitate was formed, which
on centrifugation appeared as a semi-solid interphase between the
agueous and ether layers. That interphase comprising approximately

2 per cent of the original plasma volume, ocontained approximately

90 per cent of the clearing activity of the starting material when
tested by the optical density method., On compéaring the lipemia clear-
ing activity extracted with ether from postheparin plasma Fraction
I+ III-1, 2, 3, with the lipemia clearing activity extractable
from the amount of postheparin plasma used in obtaining that fraction,
it was found that direct extraction of poatheparin plasma with ether
gives sporoaximately the same purity a&nd a much better yield thamn pro-
longing the procedure by the low temperature ethanol plasma fraction-
ation steps.

The following preliminary procedure for the separetion of
crude clearing factor from postheparin plasma was developed. Equal
volumes (5 ml) of postheparin plamma and ethyl ether are precooled
separately to 0° C. and then mixed in a test tube at =5° C. for a
few minutes until a jelly-like state of the mixture 1s attained. The
mixture is kept for 2L hours in a water-alcohol bath at -5° . By
that time the mixture has separated into an emulsified upper layer
and an aqueous lower layer, The mixture is shaken to resume the
jelly-like state and again is kept in the alcochol-water bath at -5° ¢,
for 3 to 5 days and shaken thoroughly once a day. Then the mixture,
containing numeroue floating particulates, is centrifuged at room



28.

temperature for 30 minutes at 12,000 g. As a result of centrifuga-
tion the emulsion separates Into an upper layer and a bottom agueous
layer separated by an interphase {"psllicle") containing the partic-
ulates previously in suspension. The particulates are densely packed
and thus forms a semi-solid pellicle which is removed from the tube
by means of a wooden applicator.

The above procedum is readily applicable only if small
smounts of starting mterial are used. By centrifuging larger volumes
of the plasma-ether mixture it is more diffiecult to separate the emml-
sion and to obtain the formation of & semi-solid layer. In adapting
the method for the processing of larger amounts of posthepsrin plas-
me, it becomes necessary to introduce scme changes in the above pro-
cedure.

(¢) Development of the final procedure.

Therefore, the following final procedure for obtaining
erude clearing factor from postheparin human plasma was adopted.
200 M1 of postheparin plasmea and Oml of ethyl ether are precooled
separately to 0° C. and mixed in a 1,000 ml volumetric flask by
shaking for 30 seconds, Then 40O ml of ethsnol reagent, chilled to
-5° o, are added and the contents are mixed by gently shaking, while
keeping the container immersed in an alcobol-water bath at -5° C.
After 10 minutes of mixing the plasma-ether-ethanol mixture is placed
in four 250 ml centrifnge bottles and centrifuged for 20 minutes at
3,000 g and 3° C. (see page 86 for illustration). After centrifu-

gation the agueous and ether layers are remcved by decanting and the
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remaining semi-~-golid substance ("pellicle") is washed with a 25 ml
portion of ethyl-ether at =5° C. while mixing the contents for 3 min-
utes with aglass rod. Then the ether is decanted and the washing is
repeated two more times, The remaining ethe is removed first by
blowing No gas into the bottles and finally placing the centrifuge
bettles with the substance into a desiccator and applying suction
by means of a motor pump, From each bottle the semi-solid material
is extracted with 20 ml of glycine uffer at pH 8,0 in a Potter-
Elvehjem homogenizer and the supernatant is collected by centrifuga-
tion for 20 minutes at 40,000 g. and 5% C. The collected fraction is
dried under vacuum in a frozen state. 5 mg. of this preparation,
representing crude clearing factor, &5 well as the remaining plasma
fractions are disselved in 1.2 ml of posthepsrin, normal plasma and
on addition of 0,3 ml of standard fat emulsion are incubated at 37° C.
in a water bath. The optical density md glycerol concentration are
determined at 0 time and after 60 minutes of incubation.

The results of these determinations are reported in Tabhle II.



TABLE 1I.

Lipelytic Activity of Postheparin Plasma Frastions Obtained by Ethyl Ether Extraction Method
* Change in Change in Glycerol Value A
Bxp. System Dstermined tical Density in Mic (Hlycerol
Yo. | e of Incubation e o cabation Millimoles/
‘ 0 min, 60 min, ~ 0 min, OO0 min, Liter
l. 1.2 ml preheparin plasma + .65 55 350 360 -

0.3 ml standard fat emulsion

2. 1.2 ml preheparin plasms +
residue of ether layer + 0,3 ml 1.16 1.16 360 350 -
standard fat emulsion

3. 1.2 ml preheparin plasma + pellicle '
from 1,5 ml postheparin plassa + N «29 355 525 1.23
0.3 ul standard fat emulsion

h. 1.2 ml infranatant layer + 62 56 365 Loo 0.25
0.3 ml stendard fat emulsion

5. 1.2 ml postheparin plasma
(starting material) + 0,3 ml «63 31 380 520 1,11
standard fat emulsion

6. 1.2 ml distilled water ¢ pellicle
from 1.5 ml postheparin plasaa + +60 57 20 20 -
0,3 ml standard fat emulsion

7. 5 mg. (dry weight) of erude enzyme
from pellicle extract + 6l 3h 370 b9o 0.9k
1.2 ml preheparin plasma +
0.3 ml standard fat emulsion

# Each experiment represents an average of two determinations,
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D. PROCEDURES FOR THE ATTEMPTED PURIFICATICN OF CLEARING FACTOR

In an effort to increase the purity of clearing factor
preparation the following procedures were employed:
1. Fractionation of clearing factor eontaining preparation by

ammonimm sulfate.

To 4O ml of the clearing factor solution cbtained by ex-
traction of postheparin plasma with ether varying quantities of am-
monium sulfate are added and the solution is brought te 10; 20; 30;
ko3 50; 60; 70; 80; and 100 per cent saturation with respect to the
aamonivm salt. The appearing precipitate, at different levels of sat-
uration, is removed by centrifugation at 40,000 g and at 5° C. for 15
minutes. Part of the ebtained fractions are dissolved in 0.3 M NaCl
solution and dislysed against & gallonse of distilled water. 100 mg.
(wet welght) of respective dialysed and nondialyzed fractions are
dissgolved in 1.2 ml preheparin plasmsa and on addition of 0.3 ml of
standerd fat emulsion are incubated at 37° C. in a water bath. After
60 minutes of incubation the clearing factor activity is tested in
duplicate by optical density and glycerol determination methods.

The resulis of these determinations are reported in
Table IIJ,
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TAHE TO7.
Lipalytic Aetivity of Fractims gbtsined by lmwmive Sulfste
tation of Crude Tactor
Things In Thamge In
. Optiod] Dasstty Gyoered Yalws  @ffshel
Exp. Systemas Determined in Ml M1linelee/
1. 1.2 ml preheparin plases * &b &2 350 360 -
0,3 &l standerd fat smulsion
2, 5 ug. dry orude susyms in
1.2 ml preheparin pluma ¢ 6 . 30 o 0.5
ey wl standard fat smolsion
3, 50 mg. 108 saturetion fraction in
1.2 =) predeparin plama ¢ -3 ¥5 %0 0,19
e Cpd 1 standard et emision
b, Smms sywitem as sbove only the 63 aso 370 0.15
fraction first od

1.2 nl prebeparin plassa + 62 .37 385 %0 0,25

6, Sme wystem as sbovs enly the -85 63 360 10 -
frsction first dislysed

7. 50 mg. 308 saturetion fraction in
1.2 ml prebeperin plems + N ) 3to bl 0,5}

O,J al standard fat ssulsion

8, Seme mt.- n shove only the g 63 s o 0,10
frastion first dislysed

9. 50 mg. 40% satursticn frastion in

1!nmph- 6 .32 30 L5 0.lo
0.} ml sténdard fat ssmision
10. Same system aa shove suly the ‘65 .4 55 30 -
Iraotion first dislysed
n. mu.sﬂumtmmmh
1.2 ml prebaparin plasma + .63 -3 ko Loo 0.29
0,) =l standard fat ssmlaion
12, Seme system ay gbove anly the &l &5 365 310 -
frasticn firet dislysed
13, 50 mg. 60% sataration frectiom §a
l.zﬂ.m-rhpu-n .66 -3 360 90 0,20
0.} ml standard fat, eusleion
1h. Same Fystem a5 shove anly the .65 -6h 360 355 -
fraction farst dialysed
15. 50 mg. J00L ssturetien fractiom in
1,2 al prebeparin plassa + &2 50 3% 0.20
0,3 standard fat ewuleion
15. Smme system as sbove cnly the £ 360 e -
frection
17, i‘l{.zﬂh sarywe first dialysed » p y
' . 02!
b L2 pﬂhw::tnphl:n_ s 5% %0 25
18, 1,23l of 0.1 N ssmcmium sulfate
selutico + 0,3 ml standard fat .60 U8 25 20 -

& Each sxpsrimint rep! [ aga of two
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2, Attempted purification of crude clearing factor preparation by

adsorption on calcium phosphate gel.

(a) Preparation of calcium phosphate gel.

Calcium phosphate gel was prepared by the method of Kelilin
and Hartree (59).

150 ml of caleiwa chloride solution (132 g 0101.2.6}{20 per 1li-
ter) is diluted to sbout 1,600 ml with tap water and shaken with 150 ml
trisodium phosphate solution (152 g N03P0h.12H20 per liter). The mix-
ture is brought to pH 7.4 with dilute acetic acid and the precipitate
washed three or four times by decantation with large volumes of water
(15 - 20 liters). The precipitate ie finally washed with distilled
water in a ecentrifuge. 9.1 g of calcium phosphate are thus obtained.

Other Reagents:

Physiologicsl selins (870 mg. NaCl in 100 ml water)
0.1 M citric acid (9.6 g citric acid in 500 ml of water)
(b) Procedure

10 ml of clearing factor solution are mixed with 5 g of
frashly made c alcium phosphate gel and the mixture is centrifuged at
3,000 g ard 5° C, for 10 minutes. The collected precipitate is twice
extracted with 4O ml portions of physiological saline followed by ex-
traction with 4O ml of 0,1 M citric acid. After each extraction the
mixture is separated by centrifugation at 3,000 g and 5° C. for 10
minutes. The obtained extracts are lyophilized and the 15 mg, of
solids from each extraction respectively, are dissolved in 1.2 ml of
normal preheparin plasma and on addition of 0.3 ml standard fat emulsion,
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the mixture is incubated at 37° C. in a water bath. After 60 minutes

of incubation the clearing factor activity of these fractions is test-~

ed in duplicate by optical density and glycerol determination methods,
The results of these determinati ona are reported in Tahble IV.
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TABLE IV.
Lipolytic Aetivity Present in the Eluates Obtained after Washing of Calcium
Phosphate Gel with Adsorbed Clearing Factor

* Change in “Change in Glycerol Vaiue Ay
Exp. System Determined tical Densi in Micro 8 Glycerol
No. T% of ﬁﬁ:&m Time of ﬁgglﬂon Millimoles/

| “Omin. 60 min, Omin, S0 min, Liter

1. 15 mg. of starting material
(erude clearing fastor) in 68 27 370 530 1.16
1.2 ml preheparin plasma +
0.3 ml stendard fat emulsion

2, 15 mg, of solids from lst wash-
ing with physiologieal saline in 65 63 360 365 -

1.2 ml preheparin plasma +
0.3 ml standard fat emulsion

3. 15 mg, of solids from 2nd wash- :
ing with physiclogical ssline in 63 60 355 380 0.18
1.2 ml preheparin plasaa +
0.3 ml standard fat emnlsion

he 15 mg. of solids from 1st wash- :
ing with 0,1 M eitric acid in 6l 26 360 510 1.09
132 ml preheparin plasma + ‘
0.3 ml standard fat emulsion

Se 15 mg, of solids from 2nd wash-
ing with 0.1 M eitric acid in 6l 58 365 375 -
1.2 ml preheparin plasma +
0.3 ml standard fat emulsion

6. 15 mg. of citric acid in

1.2 ml preheparin plasma +
0.3 ml standard fat emulsion 6} 60 370 370

# Rach expsriment represents an average of two determinations.
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3. Fractionation of clearing factor containing preparation by

increasing hydrogen ion concentration.

The semi-solid layer (obtained by extracting 50 ml of post-
heparin plasma with ether) is minced with 20 ml of 0,03 M sodium chlor-
ide solution in a‘Potter-Elvehjem homogenizer and the supernate is col-
lected by centrifugation at 4,000 g and 5° C. for 20 minutes. The pH
of the starting material is 7,0. By the gddition of small amounts of
0.2 N HCL the hydrogen ien concentration of the solutiom is brought up
to pH 6.8; 6.5; 6.0; 5.5 and 5.0. The &ppearing precipitate after each
pH adjustment is removed by mtrirﬁgation at 20,000 g and 5° C. for
10 minutes. Duplicate samples of 50 mg. (wet weight) of each precip-
itate are extracted with 0,6 ml of glycine buffer at pH 8.5, The mix-
ture is centrifuged for 5 minutes at 1,000 g and the respective super-
natmts are transferred to Coleman mierocuvettes. To each microcuvette
0.5 ml preheparin plasma and 0.3 ml of standard fat emulsion are added
and the samples are incubated in a water bath at 37° C. At O time and
after 5 min,; 10 min,; 20 min.3 LO min. and 60 min. of incubation the
lipemia clearing activity is tested by the optical density method.

The results of these determinations are reported in Table V,



TARLE V., 7
Lipemia cloaring Activity of the Fractions Obtained by Incnuig;_gdro;en Ien Concentration

In a Crude Clearing Factor Prqpn.ntim.

* Change in sity

Exp. System Determined eubatlion
No. ~Omin, © min, JO min, 20 min. L0 min. 00 min.
1. Starting material 0.6 m1
(crude enzyme prep.)+0.6 wl preheparin plasma 70 61 48 36 n 2l
at pH 7.0 +0,3 m1 standard fat emul,
2. Precipitate in 0.6 ml glycine buffer
at pH 6.8 + 0.6 ml preheparin plasma 61 I 38 28 24 22
+ 0,3 =l standard fat emul.
3. Preasipitate in 0.6 ml glyeine buffer
at pH 6.5 + 0,6 ml preheparin plasma 61 kh 35 28 25 2L
+ 0,3 ml standard fat emmnl,
h. Precipitate in 0,6 ml glyeine buffer
at pH 6.0 + 0,6 ml preheparin plassa 61 48 Ll 39 31 27
+ 0.3 ml standard fat emul.
5. Precipitate in 0.6 ml glyeine buffer
at pH 5.5 + 0.6 ml preheparin plasma 61 sk L9 In 3k 30
+ 0,3 ml standard fat emul.
6. Precipitate in 0,6 ml glysine buffer
at pH 5.0 4 0,6 ml preheparin plasma 57 53 52 k9 k5 n
+ 0,3 ml standard fat emul.

7. 0.6 ml of remaining selution pH adjusted te 7.0
0.6 ml preheparin plasma 68 67 67 67 67 67
0.3 ml standard fat emulsion

8. 0.6 ml glycine buffer pH 8.6
0.6 ml preheparin plasma 65 6L 6L 6l 63 63
0.3 ml standard fat emulsion

* Each experiment represents an average ol two determinations,
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E. ISOLATION AND PURIFICATION OF CLEARING FACTOR BY REPEATED

EXTRACTIONS WITH ETHYL ETHER

100 ml of postheparin plasma and 100 ml of athyl ether are
precooled to 0° C. and mixed in a 1,000 ml volumetric flask by shaking
for 30 seconds. Then 200 ml of ethanol reagent, chilled to =59 C. are
added and the contents are mixed for 10 minutes at -5° C, The mixture
is placed in four 250 ml centrifuge bottles and eentrifuged at 3,000 g
snd -3° C, for 20 minutes, The ether aand aqueous layers are removed
and the semi-solid layer ("pellicle") remaining in the bottle is ex-
tracted with three 25 ml portions of ethyl ether., Ether is decanted
and completely removed by evaporation under vacuum. The precipitate
is extracted with LO ml of glycine tuffer at pH 8.5 and the supernat-
ant ie collected by centrifugation at 3,000 g and 5° C, far 20 minutes.
The collected supsrmatant is referred t¢ a&s Fraction I. One and one-
half ml of the supernatant was lyophilized for determmination of lipolytic
astion, and 0.5 ml wae taken for protein concentration tests, The re-
naining 38 ml of the supernatant and 38 ml of ethyl ether are precooled
to 0° C., mad mixed in a 250 ml Erlemmeyer flask. The contents are con-
tinually mixed for 5 minutes while the flask is kept in an alcohol~
water bath at -5 C. On centrifugation at 3,000 g aad -3° C, for 20
ninutes, four layers sre obtained from the above mixture: precipitate
on the bottom of the tube, agueous layer, ether layer, and semi-solid
layerat the interphase of agueous and ether layers., The liquid phases
are decanted, the precipitate and the msemi-solid layers are combined

and extracted with two 25 ml portions of ethyl ether at ~5° C. The
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ether is decanted and eompletely evaparated urd er vacumms. The ob-
tained precipitate is extracted with LO ml of glycine buffer at pH

8.6 and the supernatant is collected after centrifugation fa 15
minutes at 20,000 g snd 5° C. The colleected supernatant is referred

{0 as Fraction II. One and one-half ml of the supernatant was ly-
ophilized for lipolytic activity determinations and 0.5 ml was taken
for protein concentration tests. The remaining 38 ml of supernatant

are extracted with 38 ml of ethyl ether by repeating the above de-
seribed procedure. The obtained 40 ml of supernatant (by extracting
semi-solid and Qolid layers with glycine buffer) represents Fraction III.
One and one~half ml of the Fraction IIT contalning solution is lyophil-
ized for lipolytic action determmination snd 0.5 ml is taken out for pro-
tein concentration tests. The remaining 38 ml of supernatant and 38 ml
of ethyl ether are precooled to 0° C, and agein mixed together, follow-
ing the previously described procedures. After the centrifugation four
laysrs are obtained from the mixture. At this point only the semi-solid
layer is removed (by means of a wooden rod). It is washed with 25 ml

of ethyl ether at -5° C, and extracted with 30 mi of glycine buffer at
pi 8.1. The collected supernatant, after cemtrifugation for 20 minutes
at 20,000 g and 5° C., is referred to as Fraction IV and represents the
£inal fraction containing purified clearing factor, Ome and one-half ml
of the Fraction IV centaining solution was teken for the proten concen-
tration tests and the remsining material is lyophilized and stored in
the dry state at -5° C. The summary of the steps taken for isolation

and purification of clearing factor by the ether extraction method is

given in the attached flow sheet.



100 ml 100 mlL 200 mL
Postheparin Plasma + Ethyl Ether + Ethanol Reagent

Mixture kept at =5° C, for 10 minutes
Centrifuged at 3,000 g and -5° C. for 20 minutes

™ ‘l/ \L
Intermediate Ether layer Infranatant
semi-solid layer No activity aqueous layer

(pellicle) 5-8% activity

92-95% activity

Washed 3 times with 25 ml portions
of ethyl ether at <59 C.

- wl(
Intermediate Ether layer
semi-solid layer No activity

(pellicle)

90-95% activity

Extracted with LO ml glycine buffer
of pH 8.6 and centrifuged at 20,000 g
and +5° C. for 20 minutes

N \L
Supernatent FRACTION I Precipitate
80-82% activity No activity

+ Lo 1031 ethyl ether, mixed for 5 min,
at -5° C., centrifuged at 3,000 g and
=59 C. for 20 minﬁmtgs X

v J- N v
Intermediate Precipitate Ether layer Aqueous layer
semi-solid layer 25-30% activity No activity 1-5% activity
L45-50% activity

Precipitates combined and twice extracted
with 25 ml ethyl ether at -5° C,

hd it
Precipitate Supernatant
75-80% activity No activity

Extracted with 4O ml glycine buffer

Centrifuged at 20,000 g, + 5° C, for

20 minutes

12 NS
Supernatant FRACTION II Precipitate
70-7L% activity C No activity

+ L0 ml ethyl ether, mixed for
5 min. at -5% C,, centrifuged at
3,000 g and =5° C. for 20 minutes

v N 4 v
Intermediate Precipitate Ether layer Aqueous layer
semi-solid 18-20% activity No activity No activity
L0-l5% activity

Precipitates combined and twice extracted
with 25 ml ethyl ether at -5° C.

L "a \l’
Precipitate Ether layer
65-70% activity No activity

Extracted with 40 ml glycine buffer
centrifuged at 20,000 g and +5° C, for
20 minutes

N v
Supernatant, FRACTION IIX Precipitate
65-68% activity No activity

4O ml ethyl ether mixed for 5 min,
at -5° C,, centrifuged at 3,000 g
and -5° C. for 20 minutes

v c} 3 v
Intermediate Precipitate Ether layer Aqueous layer
semi~-solid layer 2-5% activity No activity No activity
55-60% activity.

Washed with 25 ml ethyl ether at =5° C,
Extracted with 30 ml glycine buffer
Centrifuged at 20,000 g and 5° C, for
20 minutes

= {
Supernatant FRACTION IV Precipitate

EN_Eod antivitw No activity
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The lipolytic activity of the isolated fractions is tested
in duplicate by optical density and free fatty acid determination
methods. 5 mg. of a respestive dry fraction are dissolved in 2,0 ml
of normal preheparin plasma. On inobation for 60 minutes with 0.5 ml
standard fat emnlsion the changes in eptical density and wnesterified
fatty acide are determined.

The protein content of the isolated fractioms was determined
by the following Biuret method (90).

(a) Preparation of Biuret Reagent

To a solution of 15 gm. of copper sulfate with five waters
of hydration (10.25 gm. of copper chloride with two waters of hydra-
tion) in 250 ml of water, 75 ml of ethylene glycol are added, followed
by 150 gm. of sodium hydroxide in agueous solution and the whole mix-
ture made up to 500 ml. The solution is transferred to a large Erlen~
meyer flask, covered with a watch glass, and heated L hours on a steam
bath. The solution is filtered after ceocling.

(b) Procedure

One-half =l sliquots of the respective fractions in solution
are placed in 25 ml Erlenmeyer flasks and brought to 10 ml by addition
of 0.15 M sodium chloride, A blank is set up using 10 ml of the 0.15 M
sodium chloride., In each series of readings is also included a bovine
sermm albumin standard containing 1 ml of 1.0 per cemt albumin (the
standard is checked by micro Kjeldahl analysis, and the factar 6,30
used to convert N into protein content) and 9 ml of 0,15 M sodium
chloride.



To the contents of each flask is added by swirling 1 ml of
Biuret reagent. After standing 20 minutes at room temperature, the
solutions are read against the blank in a Klett colorimeter, using a
filter transmitting maximally near 550 millimicrons.

Calculations

volume of solution < unknown reading x 10 = M protein
volume of allquot standard reading in the sample

The results of these detemminations are reported in Table VI.
The additionsl data on clearing factor purification is presented in
Table VII and is partially derived from the results reported in Table VI.
In order to assure that the same concentration of clearing factor
is used in a given set of tests, an arbitrary unit of clearing factor,
at this point, is introduced:
One unit is the amount of clearing factor, which on incubation
for 60 minutes at 37° C, with 0.2 ml of normal preheparin plasma and
2.5 mg. of coconut 0il (present in the form of 0.5 ml of standard
emulsion*), increases titratable acidity by one millimicroequivalent
or 1 x 10*7 of an equivalent.

# For description see page 18,



Lk,

ING 7.
Ldpelyile artl vty presmt in §ae pasthaparis plams frestiais afvir ¢iber eiresiims,
v Yol T
:.. Bysten Duiazxined “M-l— o : hr..r. ;w-,-_
! Tt {ng.) . e
1. 2.0 ul pewtheparin plams 100, TIO T80 135,000
meterial) ¢

{marking “3 Ul
2. Sag, of freedm | i

2,0 ml prehagarin plama * 25 & a 14 pR ] 146 5 "y 108,00
3 5 g of frastis II da

2.0 ml prokephrin plides ¢ E X & n Lé ur Ll 20 a thod
— o
LD § ng, of fresibm IO in

£.0 ut prebagaris plaam & 3 65 -0 1.8 3.p 1 1ns s 5,200
— YT T
5 S ng, of frovtlim 1Y in

T4 Wl preperia o + EAY -85 g 14 e us = & e
—Duf u) stepdery Fob oulaian
[N !.o:m | - -Gh .2 1.6 1.8
— e ovpderd 't epipiem - - - z

For Gllufbim of & Wit of ulsaring Caster e pAge

s NEFA o Be-tttivitiod fetty amlds,



hs'

TABLE V1T,

Izelation and Purification of Glea.ring Factor lg Extravtion

From Postheparin Human Plasma with Ethyl Ether

100 ml of starting material.

Total Total Units
Fraction Protein Units* per mg, Purification Yield
ng. of protein %
Postheparin 7,050 125,000  17.7 1 100
plasma
Fraetion I 22l 102,000 456 26 81.6
Fraction IY ' Ua 92,400 65k 37 73.9
Fraction IIT 15 85,100 7L0 1.8 68
Fractien IV S5 64,00 1,170 66 51.9

# One unit is the amount of clemring factor which on incubation for
60 minutes at 37° C. with 2 ml of normal preheparin plasma and
2.5 mg. of ecoconut oil (present in the form of 0.5 ml of standard
emulesion) increasss titratable acidity by one millimicroequivalent
or 1 x 109 of an equivalent.
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II, PROCEDURES FOR THE DESCRIPTION OF PHYSIOCHEMICAL PROPERTIES OF

ISOLATED CLEARING FACTOR

A. PURITY QF THE ENZYME PREPARATION

The purity of the fractions with clearing factor activity
was tested by electrophoretic and ultracentrifugal procedures.
1. Free boundary electrophoresis

110 mg. of Fraction IV, obtained through successive ether
extractions of postheparin plasma, are disselved in 2.h ml of water
snd are set overnight for dialysis against 2 liters of barblitalesodium
citrate buffer of pH 8.6 and ionic strength of 0.1. The electrophoretic
analysis is carried out in a Perldn-;m.mr Tiselius electrophoresis
apparatus, model 58, using barbital-sodium citrate buffer of pH 8.5
and ionic strength 0.l.
2. Ultracentrifugal analysis

30 mg. of Fraction IV, obtained after successive ether
extractions of postheparin plasma, are dissolved in 1.2 ml of 0.1 M
sodium chloride and subjected to centrifugation in en E type Spinco
analytical centrifuge at 56,100 RPM and 22° . for 80 minutes, Pie-
tures of the sedimentation patterns are taken at 0, (time at which the full
speed is achieved) k, 8, 16, 24, 32, 38, Lk, 64 and 80 minutes.

The patterns obtained are presented in Figs. 1 and 2,



FIGURE 1.

Electrophoretic Pattern of Purified Clearing Factor Preparation

L7.
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FIGURE 2,

Ultracentrifugal Patterns of Purified Clearing Factor Preparation




B. STABILITY OF THE PURIFIED CLEARING FACTOR

The stability of the clearing factar was evaluated in
regard to its physical state, temperature and requirement of protec-
tive protein.

Samples contalning 2,000 units of clearing facter are
prepared in triplicate in the following mmner:

(a) in the form of & dry powder

(b) dissolved in 0.8 ml of veronal u ffer of pH 8.6

(e) dissolved in & mixture of 0.8 ml of veronal buffer and 0.l ml
of 10 per cent bovine a&lbumin solution (the resulting pH is 8,1)

The above prepared samples are kept at -20° C,, 0° C, and
25° C. for 7 days. Then the physical state of the sarples are adjust-
ed so that all samples are dissolved in a mixture of 0.8 ml veronal
buffer and O,k ml 10 per cent bovine albumin solution of pH 8.1. On
addition of 0.3 ml of standard fat emulsion to each tube the samples are
incubated at 37° C, for 30 minutes and the clearing factor activity is
detemined by optical density method. As a control the activity of
2,000 units of freshly prepsred enzyme (dissolved in the same veronal-
albumin mixture) is determined.

The results of these detemminations are presented in

Table VIII.



TABLE VIII.

Effects of Temperature and Protein on the Stability of Clearing Factor Solutions

2,000 Units of
Clearing Factor
Kept for 7 Days

Change in Opticsl Density after Incubation with SFEF at 370 C, for 60 min.
Xept at . DRty "Kept_at O° C. _Kept_at ®
Tncubation Time E?ﬁ?aﬂ"!m __Incubation T. Tina

0 min.. GO0.min,

_Omin, 60 min,

0 min., 50 min.

Dry form

+65

* 45' 032

o5l

»32

.% .36

Dissolved
in Verenal
Buffer

43

Nt

6l

A9

.65 .57

Dissolved in
Veronal Buffer
+ Albumin

66

o

«65

ol

66 U8

# 3FE z Standard fat emulaion.

For control purposes 2,000 wnits of freshly prepared ensyme were dissolved in a Veronal-Albmmin

mixture and the optical density was determined.
of incubation.

Each figure represents an average of three determinatioms.

The reading was .54 at O time and ,31 at 60 min,
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C. TETS ON THE CHEMICAL COMPOSITION OF THE PURIFIED CLEARING FACTOR

1. Detemmination of total protein.

The protein content of clearing factor preparations obe
tained by extracting postheparin plasma with ether was determined by
the biuret method (page L2) and the results are reported in Tgble VII..

2. Determination of phospholipids and cholesterol,

The cholesterol and phospholipid content of the clearing
factor containing Fraction IV were determined; employing the revised
method of Fiske, C.H. and Y. Subbarow (21) for phospholipids determin-
ation and Bloor, W.R. and A. Knudson (8) for cholesterol. No choles-
terol and,only traces of phosphorus representing phosphatides were

found.

3. Determination of the presence of lipoprotein and glycoprotein

in the clearing factor preparation.

The presence of lipoprotein and glycoprotein in clearing
factor containing Fraction IV was determined by the staining methods
of Swahn (120, 121) and of Koiw and Gronwall (61).

4 few drops of a staurated sclution of clearing factor are
placed on 3 strips of Whatman #1 filter paper and dried. Then the
strips are fixed in an ethanol-formalin solution and stained with
Sudan black B for lipoproteins and with Toluidine blue for glyco=-
proteins. For control purposes dilute solutions of beta lipoprotein
and heparin are stained by the above methods and the colors developed
are compared with the test strips. By these methods mo lipoproteins

or glycoproteins were detected in the clearing factor preparation.
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III. KINETIC STUDIES OF THE ISOLATED CLEARING FACTOR

A. DETERMINATION OF THE EFFECT OF T EMPERATURE ON THE REACTION

VELOCITY OF CLEARING FACTOR

Te the test tubes containing 1.0 ml of veronal buffer of
pH 7.8, 0.2 m). of 10 per gent albumin solution and 6,000 mits of
clearing factor; 0.3 ml of standard fat emulsion is added and the
contents are incubated at variocus temperatures for 15 minutes. At
At the beginning and the end of incubation the lipolytic activity of
the duplicate samples are tested by determining the changes in eptical
density and the concentration of wnesterified fatty acids.

The results of these determinations are presented in Table IX
and in Fig. 3.
B, DETERM INATION OF THE EFFECT OF HYDROGEN ION CONCENTRATION ON

THE REACTION VELOCITY OF CLEARING FACTOR

To the test tubes containing 1,000 units of clearing factor
dissolved in 1.0 ml citrate or vercnal buffers of varying pH., 0.2 ml
of 10 par cent &lbumin solution and 0.3 ml of ﬂmd&d fat emulsion
are added md the mixture is incubated for 15 minutes at 37° C. At
the beginning and the end of inmbation the noneesterified fatty acid
content is determined in duplicate.

The results of these determinations are reported in Table X
and in Fig. k.

C. DETERMINATI(N OF THE EFFECT OF CONCENTRATION QF CLEARING FACTOR

O THE VELOCITY OF THE REACTION

Duplicate samples contsining 3.6; 7.2; 1h.kh; 28.8; L43.2; and
57.6 mg, of clearing factor protein (Fraction IV from bther extractions
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of postheparin plasma) are dissolved in 6.0 ml of preheparin normal
plasaa respectively, and on addition of 1.5 ml of standard fat emulsion
are incubated at 37° C. in the water bath. At O time and ki and 8 min-
utes of incubation 1.0 ml aliguots are taken and optical density and
hon-esterified fatty acids are determined.

The results of thess deteminations are reported in Table XI
and in Fig, S.
D. DEYERMINATION OF THE EFFECT OF SUBSTRATE CONCENTRATION ON THE

REACTION VELOCITY OF CLEARING FACTCR

Te the duplicate smmples containing 2,000 units of clsaring
factor dissolved in 1,0 aml of preheparin normsl plasma; 0.03; 0.06;
0.09; 0.12; 0.15 snd 0.18 ml of standard fat emulsion are added and
the mixtures are incubated at 37° C. for L minutes. After L minutes
of incubation and at 0 time the concentration of non-esterified fatty
acid in the samples 1s detemmined.

The results of these determinations are reported in Tables XII
and XIIT and in Fig. 6.



TABLE IX,

Effect of Temperature on Reastion Velecity of Clearing Faster

* ml. .02 N Microequivalents of Log of Micreequivalents
Exp.  Teap. in Temp. in 1 x 10* NaOH Ttratsble Acidity  of Titratsble Aeidity
No. Centrigrade  Absolute T Used per Sample

Degrees
1. 0 273 36.6 0015 075 2.87
2, 5 278 35.9 .003 15 1.18
3. 10 283 35.3 __ .OOWS .25 1.35
L. 20 293 3ka +0085 I 1.63
Se 30 303 33.0 +0016 .800 1.90
6. 37 310 32,2 .02k 1,200 0,08
7. Lo 313 31.9 0233 1.17 0.07
8. L5 318 31.L 20131 0.65 1.81
9. 50 323 30,9 +006 0.2k 1,38
10, 55 328 30.5 003 0.15 1.18

# Each experiment represents an &verage of two deteminations,

Reaction time = 15 minutes.



Log V
(V=microequivalents of acid)

FIGURE 3,

ARRHENIUS PLOTS FOR THE ACTIVATION
TEMPERATURE OF CLEARING FACTOR
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fam® X,
The Effect of Hydrwge Ton Oonosntrsiion oo the Reaction Veloedty
of Cleaying Faotor
al 00N . !
pE NaGH N of Ttratable
of the Buffer a4t 0 Tise after S0 min.  Increass Acldity per
System of Engyme Incobation after 60 min, Smple
Addition Ingabatian
5.4 Cltrate 0.0256 0,0271 0,002 0.05
9.0265 0,028
6.0 L 0.0224 00275 0,005 0.200
0,020 0.0291
6.3 ] 0,025 ©.0330 0.007 0,300
0.0271 0,020
6.7 . o.gﬁ 0.0348 0.010 .50
2, 0.0356
70 Vereatl 0.%% 0.03712 0,013 0,600
[ 0,G383
Tah - 0.005% 0,036 0,018 0,850
0.0071 00450 o,m8
T . Q.0264 0.0L87 0.022 1,050
10,0280 Q0000
7.4 L] 0,0220 0,065 0.02h 1.150
0.02h8 0,0480
Te? . 0.3258 0.0511 0.025 1.200
9,009 8.0542
8,0 . 0,0225 0.0L80 0,026 1.250
0.022) 0.0h52
Bk . 0.0k 0.0L19 0.025 1.200
D.08%  _D.0505
8.2 - 0.0261 0,050 0,02, 1,150
o088 __ 0.093
8.3 " 0.0255 0.0U65 0.022 1.050
0.0230 0.0050
8. L] 0,021,2 0,028 0.09 0,900
0.0235 0,025
8.5 » g.oeso g.ohnﬂ 0.035 0,750
020 Dl
.y L] 0,0240 0.0352 .08l 0,500
ek 0,035
8.y . a.0221 0,0310 0,008 0,350
0,008 0,0291
.2 . 0.0220 0.02Th 0008 0,200
9.5 . 0.0208 0.0211 0s002 0,05
0.212 0,0228
8.0 " 00210 0,0221 0,003, Ko soiyse
0.008 0.0230 presmt
[ %) Cltrate 0,023 0.0251 0,001 o snsyme
X 0,0050 preemt

Sumdard 0,0b08
o.0lgs




MICROEQUIVALENTS OF ACID

0.8~

FIGURE L.

THE EFFECT OF HYDROGEN ION CONCENTRATION ON
THE REACTION VELOCITY OF CLEARING FACTOR
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TAELE XTI,

Effect of Clearing Factor Concentration on the Velecity of Limic Reastion

* Change in Optical Density “Change in Mierocequivalents
Exp. (Qearing Factor ' of Titratable Acidity
No. as mg./ml Protein ~ime ol Incubation ¥ine of Incubation

0 min. L min, Saln. Omin. L min, 8 min,

1. 0,18 63 61 +60 1,610 1.625 1.638
2, 0.96 o6l «59 «58 1.602 1.639 1.662
_2_. 1.92 .&‘ 159 058 10615 1:655 1.689
k, 3.8k +63 57 o51 1.610 1.670 1,720
5. 5.173 +63 53 olB 1,612 1.672 1,746
6. 7.68 o562 o5l i3 1.610 1.680 1.758

# Fach experiment represents an average of two determinations,



MICROEQUIVALENTS OF ACID

FIGURE 5.

EFFECT OF CLEARING FACTOR CONCENTRATION
ON THE VELOCITY OF THE LIPOLYTIC REACTION
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TARLE XII.

Bffact of Substrate Coneentration on Gl.ur:ln; Factor Activitz

* Goeonut OLL Time o Incubation Differece in Change in Micre-
Exp. Present 0 min. I min, Microequivalents equivalents of
No. Micrograms/ml C.02 N 0.0 N per Sample titratable acidity
NaOH NaOH Titrated

1. 25 «0309 «0317 «013 . <017
.0311 +0316

2 LY m .0313 .0320 .018 .030
20310 .0318

3. 75 0311 .0322 023 ~0l2
20313 -0321

h. 100 .0308 0323 026 «050
.0312 0323

5. 125 0307 .0324 029 «057
+0303 +0325

6. 150 .031L .0326 .031 <062
«0307 «0325

7. Control 0311 .031h .006 -

No substrate 40314 .0317

8. Standard . <00k - - -

«0L06

# Each experiment represents an average of two determinations,



Effect of Substrate Concentratien on Clearing Faotor Activity

TAELE XIII.

6.

*

No. Miorogeme/ Micremoles/™ TETGS  Miorsquivalents NEISTIVG
nl ml Acid Velocity

1. 25 +027 37 +017 59

2, 50 05k 1845 03 33

3. 15 +081 12,3 +0h2 2l

i 100 108 2.3 05 20

Se 125 0135 7.4 +057 17

6. 150 +162 6.2 2062 15

* Each experiment represents an average of two determinations.

#% Molecular weight of coconut fat is considered 923 and that of

fatty asids 277.



FIGURE 6,

EFFECT OF SUBSTRATE CONCENTRATION
ON CLEARING FACTOR ACTIVITY
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E. SUBSTRATE SPECIFICITY FOR CLEARING FACTOR CATALYZED REACTIONS

Baploying the experimental conditions as uniform as possible
the action of the clearing factor on the following substrates were
tested:

l. Stadard fat emulsion

(a) Preparation of substrate

One part of standard fat emulsion and 19 parte of water,

Kept at -5° C.
(v) Procedure

To a mixture containing 8.0 ml veronal buffer of pH 8.5,

L,0 ml of 10 per cent albumin solution end 30,000 units of dissolved
clearing factor; 3.0 ml of 1:20 diluted standard fat emulsion are added
and the mixture is incubated in & water bath at 37° C. After 0, 5, 10,
20, L4O and 60 minutes of incbation, 1.0 ml aliquot of the mixture is
taken in duplicate and the comtentration of non-esterified fatty acids
is determined,
2. Triacetin

(a) Preparation of substrate

12,0 mg. of triacetin in 1.5 ml of distilled water.
(b) Procedure
To a mixture containing 8,0 ml veronal buffer of pH 8.6,
L.0 ml of 10 per cent albumin solution and 30,000 wnits of dissolved
clearing factwr; 3.0 ml of triacetin solution are added and the mixture
is incubated in a water bath at 37° C. At 0, 5, 10, 20, LO and 60 min-
ute time intervels 1.0 ml aliguot of the mixture is taken in duplicate

and the concmti-ation of non-esterified fatty acids is determined,



3. Chylomicrons

(a) Preparation of substrate

A normal male blood donor, after a fatty breakfast at 7 A.M. ’
vks given & pint of heavy cream at 10 A.M. and 3 hours later bleod is
collected in citrated battles, After 30 minutes centri fugation at
2,000 g, 250 ml of lipemic plasma are collected and the chylomicrons
separated by repested centrifugation at 20,000 g for 30 minutes., The
obtained top ereamy layer is twice washed in physioclogical saline and
the collected chylomicrons are suspendesd in 5 ml o distilled water.
From this stock selution & final dilution is prepared so that adding
0.3 ml of chylomicron preparation to 1,2 ml of vermnal buffer would
give optical density reading of.65.

(b) Procedure

To a mixture oontaining 8.0 ml veronal buffer of pH 8,6,

k.0 ml of 10 per cent albumin solution and 30,000 wnits of dissolved
clearing factor; 3.0 ml of sbove chylomicra preparation are added and
the mixture is incubated in a water bath at 37° C. At 0, S, 10, 20,
L0, and 60 minute intervals, 1.0 ml aliguot of the mixture is taken in
duplicate and the concentration of non-esterified fatty acida is deter-

mined.

L. Bets lipoproteins
{(a) Preparation of substrste

To 10 lusteroid tubes each containing 5 ml of plasma obtained
from normal, fasting person, L ml of sodiwm chloride solution of specific

gravity 1.1343 are added and the mixture is centrifuged in a Spinoce
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L type centrifuge at 36,000 RPM and 22° ¢. for 16 hours., One milliliter
of the top layer is removed by means of syringe and needie. This repre-
sents beta lipoproteins of specific density 1.0k (67).
(b) Procedure

To a mixture containing 6.0 ml veronal buffer of pH 8.5,
3.0 ml of 10 per cent albumin solution and 22,500 units of dissolved
clearing factor; 2,5 ml of the collected beta lipoproteins are added snd
the mixture is incubated in a water bath at 37° C. At 0,10, 20, and 60
minute time intervals, 1.0 ml aliquot of the mixture 1s taken in duplicate
and the concentration of non-esterified fatty acids is determined.

F. DETERMINATION OF ALBUMIN AND CALCIUM ION INFLUENCE ON THE LIPOLYTIC

ACTION OF CLEARING FACT(R

The following mixtures are prepared in duplicate and after
inocubation at 0 time at 37° C. for 30 minutes, the concentration of
non-esterified fatty acids is detemmined.,

(1) 1.2 ml buffer + 0.3 ml standard fat emulsion + 2,000 units of
clearing factor.

(2) 0.8 ml buffer + 0.k mi 10 per cent albumin solution + 0.3 ml
standard fat emulsion + 2,000 units clearing factor.

(3) 1.0 ml buffer ¢ 0.2 ml 5 per cent calcium acetate solution +
2,000 wmits clearing factor.

(k) 0.6 ml buffer + Lk ml albumin solution + 0.3 ml standard fat
emulsion + 0.2 ml calcimm acetate + 2,000 units clearing factor.

(5) Contrel consists of 0.8 ml buffer ¢ 0.4 ml albumin solution +
0.3 ml stendard fat emnlsion and no enzyme,

The results of these determinations are reported in
Tables XIV and XV,



TABLE XIV.

Lipolytic Aetivity of clnring Factor in the Presence of Different Substrates

*

Exp. Substrate Amount of Microequivalents of Titratable Acidity A

Yo, Triglyceride After Incubation with Substrate Acid After

“ O min, 5 min, . 60 min,
- :

1. SFE 1.5 mg, 0.883 0,986 1,090 1.233 1.321 l.h_35 0.552

2, _Triscetin 1.5 mg. 0,880 0.878 0,884 0.880 0.88L 0,888 -

3. Chylomicron To give optiecal 0,885 1.01%9 1,161 1.385 1,547 1.687 0.653
density 65 :

L. ~1ipoproteins te give eptical 1.022 - 1,082 1.2 - 1,195 0.173
density 65

5. SFE Control - 0,880 0.880 0,880 0.880 0.884 0.88L -

No Enzyme
6. Control
No Enzyme

7. Standard - 0.840

# ERach experiment represents an average of two determinations.

#% SFE =z Standard fat emulsion.



TABLE XV,

Calcium Jon and Albumin Influence on the Lipolytic Aetion of Clearing Facter

r — Systea Used % Wlcrosquivaients of Change in
Exp. Buffer Albumin ~ Beta- rotelns ("E" S HEFA " Aftsr Incub. Mieroequivalénts of
No. ml mL O win, 30 win,  Titratable Acid
10 1.2 - - - 003 0.870 0.3& -

2. 0-8 Ooh - - 003 00872 1017 0030
3. 1.0 - - 0.2 0,3  0.870 1,005 0,135
b, 0.6 Oult 0.3 0.2 - 0.895 1.185 0.290
5. °¢8 ooh - - 003 0.868 00870 -

No enzyme

6. Standard 0,800

* Each experiment represents an average of two determinations,

¥t SFE = Standard fat emulsion

¥ NEFA - Non-esterified fat.tj acids.



G. THE RATE AT WHICH TRIGLYCERIDES ARE HYDROLYZED IN THE PRESENCE OF

CLEARING FACTOR

To 38.4 ml of preheparin, narmal plasma containing 70,000
unite of dissolved clearing factor, 9.6 ml of standard fat emulsion are
added and the mixture is incubated at 37° C. in a water bath. At O time
and after 5, 10, 15, 30 minutes, 1, 2, 3, L, 5, and 6 hours of incuba-
tion, 1.0 ml samples of the mixture are taken and the concentration of
non-esterified fatty acids and glycerol are determined. In both glycerol
and non-esterified fatty acid determinations, duplicete samples of 1,0
ml are tsken, The decrease in optical density of the mixture during the
abové time intervals is alsc measured. Along with samples containing
cléaring factor, a control consisting of preheparin plasma and standard
fat emléion are incubated and the concentration of glyecerol, non«ester-
jified fatty acids, as well as optical density, is determined at the

time intervals given above.

The results of these detemminations are reported in
Table XVI. and graphically presented in Figs. 7 and 8,



TAELE XV1.

The Rate of Triglyceride Hydrolyeis in the

Presence of (learin Lractor

69.

Tncubation NEFA % Gyosrol Optical Demsity
Time MM Increase AM orease | 0.D, Change |
min. Acid i M Glycerol | X 0D, |

! ::
0 .23 | - | 1,52 - 0.65 -

g LM 021 | 1.52 - 0.52 | 0.3

|10 261 | 0,38 1.5k - o2 | 0.23
15 169 | 0.6 1.53 - 0.37 0,28

; ; i ; § '

a 60 12,06 i 0,83 ! 1,8k 0.32 | 0.27 0,38

E 3 : ?

{ 90 ‘ 2018 : 0095 1.95 0-’43 Q. 26 r 0,39

' 320 (2,28 . 1.05 | 2,02 0,50 | 0,26 . 0.39

180 235 | 102 2.23 071 | 0,26 | 039

P 2ho 2,39 1 1.6 2,37 0,86 030 | o

" ; ) ;= = .L

i 300 2.l 1,20 1 2.,h7 0,595 = 0,33 | 0,32

f 5 ] | :

. 360 2.6 | 1.3 | 2.k8 0,96 0,35 | 0,30

‘ Plasma ; ; ,

Suithout ‘

; Engyme :

3 :

I 0 1,22 - 1.5k - 0,66 -

. 360 1.28 0,06 1.69 0,15 0,64 | 0,02

The figures given represent an average of two determinations.

# NEFA = Non-esterified fatty acids.



THE RATE OF TRIGLYCERIDE HYDROLYSIS IN

MICROMOLES OF AC/D (B) OR GLYCEROL(V)

FIGURE 7.

THE PRESENCE OF CLEARING FACTOR
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FIGURE 8.

THE RATE OF TRIGLYCERIDE HYDROLYSIS IN
THE PRESENCE OF CLEARING FACTOR
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Iv. COMPARISON OF TE LIPCGLYTIC ACTION OF PANCREATIC LIPASE AND

CLEARING FACTOR

The lipolytic action of pancreatic lipase and clearing factor
on triglycerides are compared in respect with:
A, SUBSTRATE SPECIFICITY

To the duplicate samples containing O.]1 mg. pancreatic 1ipase5
dissclved in 0.8 ml of vercnal buffer of PH 8,6, 0.4 ml of 10 per cent
albumin solution and 0.3 ml of stendard fet emulsion are added and the
mixture is incubsted at 37° C, for 30 minu es in & water bath. The
ahove experiment is repeated three times, but instead of standard fat
emulsion, 0.3 ml of 0.8 per cent triacetin, chylomicra or beta lipopro-
teins are used respectively. After 30 minutes of incubation md at 0O
time, 1.0 ml portion from each sample is taken and the concentration of
non-esterified fatty acids is determined., (The preparation of the sub-
strates used in this experiment is described on pages 63 to 65),

The above experiment is repeated and this time instead of
psncreatic lipase 3,000 wnits of clearing factar in each sample is used.
(0.1 mg of pancreatic lipase on incubation with standard fat emulsion
present in preheparin, normal plassa gives approximately the same de-
crease in optical density as 3,000 units of clearing factor.)

The results of the above determinations are reported in
Table XVII.

5. Commercial grade, obtained from the Wilson Laboratories, Division of
Wilson and Company, Inc., Chicago, Illinois.



TABLE XVII

Comparison of Lipolytic Action of Clearing Factor and

Pancreatic Lipase on Various Substrates

=

r
; PANCREATIC LIPASE CLEARING FACTOR

;Exp. Changs in Change in

‘No.* ! Substrate Microequivalents of {Microequivalents of| Microequivalents of [Micmequivalents of

j Titratable Acidity |Titratable Acidity Titratable Acidity Titratable Acidity !
; O min, 30 min. O min, | 30 min, o
H 3 : !
/1 | Standard fat { 1.60 | 2.305 0,705 0,883 | 1.277 0439k :
; | emlsion : i 5 ;
% : i ] %
£ 2 | Triacetin [ 1,63 | 1.635 0,005 . 0,880 0.882 0,002 :
| ! ! g !
i 3 | Chylomicrons ' 1,612 | 2,08 0.L68 ' 0,885 1,466 0.581 i
i ¢ ¥ H :
‘ ! ; i ] :
| L | Beta-lipo- | 1.83 é 1.98 0.15 P 1.022 1.168 0.1k6 ;
| :

! proteins

* . : .
Each experiment represents an average of two determinations,

€l
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b

EFFECT OF PROTAMINE ON THE ACTION OF PANCREATIC LIPASE AND

CLEARING FACTOR

The following systems are prepared in duplicate and incubated

in & water bath at 37° ¢. for 30 minutes.

(1)

(2)
(3)

(k)

(5)
(6)

(7
(8)

(9)

1.2 ml veronal buffer containing 0.1 mg./ml of pancreatic lipase +
0.3 ml standard fat emulsion. The pH of the mixture is 8,6.

Same as above only 0.1 ml of normal plasma added,

Ssme as system (1) only 0.1 ml plasma and kO mg. of albumin are
added.

1.2 ®]l normal plasma containing 0.1 mg./ml of pancreatic lipase +
0.3 ml standard fat emalsion.

Same as system (L) only L.5 mg. protamine are added.

1 2 ml normal plasma containing 3,000 wmits clearing factor +
0.3 ml standerd fat emulsion.

Same as system (6) only L.5 mg. protamine are added.

1.2 ml buffer containing 3,000 wmits clearing factor + 0,3 ml
standard fet emulsion.

1,2 ml normal plassa (no engyme) + 0.3 ml standard fat emulsion,

At O minutes mad after 30 minutes of incubation 1,0 ml aliguot

from each sample is taken and optieal density and non-esterified fatty

acid concentrations are determined. The results of this determination

are reported in Table XVIII,



TABLE XIVIII,

The Effect of Protamine and Serum Proteins on the Lipolytic Action of Pancreatic Lipase end Clearing Factor

l- “Tme of Incubatiom
Exp. Lipelytic System Additions Owmin. 30 min. ya
No. Agent 0Dw%  Aeld oD Acld Micrcequivalents
/M M Acid
T i !

1. Pancreatic Buffer + SFE - +80 0.83 «T6 .85 -
Lipase pH 8.6 '

2. Pancreatic Buffer + SFE 0.1 ml Plasma 62 0.91 22 1.88 0.869
Lipase pH 8.6

3. Pancreatic Buffer + SFE 0.1 ml Plasma -7l 0.916 .7 2.164 1.248
Lipase pH 8.6 4O mg Albumin

ke Pancreatic Plasma +:5FE - «65 1.60 «19 2,305 0.705

L}g&so

5. Pancreatie Plasma + SFBE Protamine 65 1.61 38 2.23 0.620

~ Lipase <5 mg

6. Clearing Buffer + SFE 68 .868 .67 0.870 -
Factor pH 8.1 - .

7. Clearing Plasma + SFE - .68 1.65 «36 2.215 0,565
Factor

8. Clearing Plasma + SFE Protamine .65 1.63 .52 1.8 0.180
Factor hed mg

9. Control Plasma + SFE - 6L 1.54 63 1,57 -

No enzyme

# Fach experiment represents an aversage of two determinations, ##(0D = Qptical Density. suSFE = Standard fat emulsion,
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RESULTS AND DISCUSSION

Purification of Clearing Factor. - The results of attempted

purification of heparin-induced clearing factor by low temperature
ethanocl fractionatien of postheparin plamma are summarized in Tsable I.
Considerable lipemia clearing activity is found in Fraction I + IIJ -
1, 2, 3 of postheparin plasma. On further fractionation, however, the
lipolytic activity is ecompletely lost. It has not been esiablished
which steps are responsible for the disappearance of the lipemia clear-
ing activity.

The clearing factor was more successfully concentrated by the
ether extraction method developed in the course of this study. By this
method, over 90 per cent of the original clearing activity is found in
& semi-polid layer comprising approximately 2 per cent of the original
plasma volume, From this layer, the clearing factor is then extracted
into a glycine buffer (" crude clearing factor prep#ration"). It has
not been possible to demonstrate with this method the presence of clear-
ing factor in plasma or serum of normal untreated individuals,

The residue of the layer after extraction of the clearing facter
is a white fibrous material, This material is insoluble in dilute acids
or alkali. Since the addition of human £':'4.bri.m:>l:rts:i.n6 resulted in partial
solubilization of the residue, it is presumed that at least part of the

layer (containing the clearing factor) consists of fibrin.

6. Courtesy of Dr. Eugene C., Loomis, Parke, Davis and Co., Detroit, Mich,
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The orude clearing factor preparation still contains many impur-
ities, among them fibrinogen #nd prothrombin, When the crude clearing
factor preparation is incubated with simplatst.in.r clot formation is tak-
ing place.

The assoclation of clearing factor with prothrombin and fibrinogen i
is not limited to the ether extraction method. All methods used for the
separation of clearing factor (i.e., low temperature ethanol fractiona-
tion (16), precipitation at pH 5.6 (95), adsorption on barium sulfate
or calcium phosphate columms (96) result in preparations containing fibrin-
ogen and prothrombin,

The results of attempted purification of the crude clearing factor
preparation by precipitation with ammonium sulfate, by fractionation at
various pH levels or by adsorption on calcium phosphate gel, are present-
ed in Tables IIT, IV and V.

On precipitation of the crude clearing facter preparation with
ammonium sulfate, the highest lipolytic activity, as measured by glycerol
evolution, is found in the fractions obtained at 30 and LO per cent sat-
uration. Considerable activity, however, is scattered through the other
fractions, After dielyeis, the lipolytic activity of the fractions is
lost even when the preparation is dissolved in preheparin plasma, Optical
density measurements could not be evaluated since it has been noted that
0,1 M (mh)zsoh solution alone causes optical clearing of a fat emulsion.

This "spontanecus®™ clearing phenomenon is not accompanied by evolution

# 7. Obtained from Warner-Chilcott Laboratories, Morris Plains, N.Y,
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of glycerol and is due to decreasing the stability of the emulsion.

Fractionation of the crude clearing factor preparation by
changes in hydrogen ion concentration produced only negligible puri-
fication. Clearing activiiy was scattered among the varions fractions
(pH 5105 5.5; 6405 6.5; 6.8) and contained approximately the same im-
purities as the starting material.

Adsorption on clearing factor preparation with calcium phosphate
gel did not result in further purification, By adsorption methods,
Nikkila (96) obtained up to L0-fold purification of clearing factor
using postheparin plasma as starting material., But the crude c¢learing
factor preparation used in this study, slready, is at least as pure as
the material which Nikkila obtained by his purification method. It is
quantitatively adsorbed on calcium phosphate gel and also quantitative-
ly eluted with soddum citrate. It therefore appears that the impurities
which Nikkila removed by adsorption on caleium phosphate gel have al-
ready been removed by the early steps in our ether extraction methed,

More than 50 per cent purification of the crude clearing factor
preparation was achieved by repeated extractions with ether (Tables VI
and VII). The final preparation of clearing factor ("purified clearing
factor preparation®) contained less than a one-hundred-and-thirtieth
(1/130) part of the protein present in the startimg material and re-
tained more than 50 per cent of the totel original lipolytic activity,

Physico-chemical Characteristics of Purified Clearing Factor

8
Preparation. ~ Heating at 60° C. for 15 minutes or incubation with trypsin

8. Obtained from Nutritional Blochemicals Ciarp., Cleveland, COhio.
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for 6 hours at 37° C. completely destroys the lipolytic activity of

the purified clearing factor preparation. These findings indicate that
protein is an essential part of clearing factor. They are in agreement
with the observation that clearing activity in intact postheparin plasma
is similarly destroyed by heat and trypsin.

Stability tests of clearing factor show (Table VIIT) that the
parified clesring factor preparation, when kept in a dry form at 25  C.
for 7 days, suffers no loss of activity. In veronal buffer solution,
however, at 0° C. after 7 days, only 50 per cent of the original activity
is retained. Addition of albumin to the c¢learing factor solution in-
creases its stability only slightly.

Analtical ultracentrifugation and free-boundary electrophoresis
of the purified clearing factor prepsration show one major and two minor
components (Figs, 1 and 2). Attempts to determine which of the ultra-
centrifugally separated components is responsible for lipolytic activity
of clearing factor have not been successful.

Since the ultracentrifugal and electrophoretic studies indicate
that the purified clearing factor preparation still contains considera-
ble impurities, chemical analytical studies of this preparation have been
limited to the détarmination of protein, lipids and polysaccharides, The
purified clearing factor preparation consists mainly of protein and is
free of lipids. On testing for the presence of glycoproteins by staining,
negative resulits were also obtained. However, the staining method for
the detemination of glycoproteins employed here is not sensitive snough

to disclose dilute concentrations of glycoprotein.
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Kinetic Studies on Purified Clearing Factor, - In studying the

effects of temperature on the initial rate of the reactions (Table IX)
it was found that the optimal temperature for clearing facter activity
is in the range between 37° and 40° C. On substituting the values of
clearing factor activity at various temperatures into the Arrhenius

equation
-E {1°
InK= _1Ea (T)é-ccnstant

and plotting it against x and y coordinates, a straight line is obtained.
From the slope of the line (Fig. 3) the activation energy E fér clearing
factor is calculated and found to be approximately 10,000 cal.

The study of the reaction veloeity of clearing factor over pH
ranges from 5.0 = 9.0 is summarized in Table X and is graphically pre-
sented in Fig. b. The hydrogen ion concentration for optimal clearing
factor activity is found to be in the range of pH 7.9 - B.1.

The velocity of the clearing reaction is found to increase as
the concentration of clearing factor increases {Table XI and Fig. 5).

A linear relation between the rate of reaction and the concentration
of enzyme is present at lower concentrations of clearing factor,

Increase in the concentration of substrate is accompanied by
increase in the velocity of the reaction catalyzed by clearing factor
when other factors are kept constant and the concentration of the
substrate is low (Tables XII and XIII and Fig. 6). The method of
Lineweaver and Burk (83) has been used to determine Michaelis-}enten

constant
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of clearing factor, On substituting the values of clearing factor
activity found at different substrate concentration levels into the

Michaelis«Menten egquation

1Byl
v 8 ¥
and plotting it against x and y coordinates a straight line is obtained.
From the slope of the line the Michaelis constant Km is calculated and
is found to be 0.21 M.

Study of the rate of triglyceride hydrolysis in the presence of
¢learing factor discloses that during the early stage of the reaction
the production of non-esterified fatty acids is linear with the increase
in the reaction time., Thus the initial stage of the clearing resction
is of serc order. The rate of the clearing reaction was determined by
measuring the end products of ‘hriglyoeride hydrolysis and change in
optical density. Table XVI and Figs. 7 and 8 indicate that the non-
ssterified fatty acid concentration sharply rises during the first
60 minutes of the reaction and continues to rise slightly during the
next five hours. The rate of change in optical density during the first
60 minutes runs nearly parallel to the rate of liberation of non-ester-
ifi ed fatty acids. On the other hand, the decrease in optical density
stops after one hour and after 3 hours the optical density begins to
increase again. In centrast to the initial inerease in non-esterified
fatty acids, the concentration of glycerol does not begin to rise until
30 minutes after initiation of lipolysis. The concentration of glycerol
increases gradually and is found to be highest after 5 hours of incubation.
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It is suggested {1lh) that the delayed increase in glycerol con-
centration during the clearing reaction is due to the selective action
of clearing factor on the alpha and bets positions of the triglyceride
ester bonds, Such selective action of clearing factor would produce
first non-esterified fatty acids and mono and di-glycerides before free
glycerol is released. Glycerol estimation is based on the formaldehyde
formed by the oxidation of either glycerol or monoglyceride with perilod-
ate, There is no evidence that the diglycerides take part in this re-
action. Therefore, the glycerol detemin#tion would reflect only more
advanced stages of 1ipolysis in the reactions catalysed by clearing
factor.

It was found that clearing factor hydrolyzes the standard fat
emulsion and human chylomicra at about the same rate, while it did not
degrade triacetin. The fact that triacetin is not hydrolyzed by clear-
ing factor eliminates the possibility that clearing facter is similar to
or identical with ali-estergses of blood.

Incubation of purified clearing factor preparation with beta
lipoproteins (demsity 1.0k g/cc) also results in an increase in none
esterified fatty acids (Table XIV). Since this lipoprotein prepara-
tion usually contains some chylomicra, it was not established whether
the released non-esterified fatty acids originated from the chylomicra,
the beta lipoproteins or from both,

When the purified clearing factor preparation is dissolved in a
buffer and is mixed with standard fat emulsion, no clearing takes place
wmtil at least & small amount of plasma or albumin is added to the mix-
ture (Table XV). Addition of caleium ions partially replaces the re-

quirement for protein. It therefore appears likely that the function
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of the protein is to accept the fatty acids formed during the clearing
reaction.

Korm (63, 65) reports that lipoprotein lipase hydrolyzes tri-
glycerides only if they are in complex with protein. On the other hand,
our observation indicates that the reaction catalyzed by clearing factor
can proceed without added proteins provided calcium ions are present.
This seems tc imply that tissue lipoprotein lipace and heparin-induced
plasma clearing factor are not identical.

Pancreatic linace and clearing factor acted alike in respect to
substrate specificity or protein requirement (Tables XVII and XVIII),
Fowever, the effects of many other factors (i.e., various inhibitors)
on these two lipolytic agents have not rceen s tudied in this work,
Therefore, it i1s not warranted to conclude that pancreatic lipase and
clearing factor are identical., Op the other hand, since both pancreat-
ic lipase and the heparin-induced clearing factor require protein, a
distinction of these two lipolytic agents on the basis of protein re-

quirement, is not possible,
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SUMMARY AND CONCLUSIONS

In order to study the lipolytic action and the kinetics of hepar-
in-induced lipemia clearing factor, isolation and purification of this
factor from human postheparin plasma has been undertaken., By a newly
developed method consisting of repeated extractions of postheparin plasma
with an ethe.r-ethmol mixture, a 130-fold purification (based on protein
content) of clearing factor has been obtained., The purified clearing fac-
tor preparation contains approximately 50 per cent of the total original
activity. No clearing factor is found in the plasma or serum of nomal
mntreated individuals when tested by the above method.

Analytical ultracentrifugation and free boundary electrophoresis
of the purified clearing factor preparation shows one major and two minor
components. Attempts to establish which of these ultracentrifugally sep-
arated component (-8) is responsible for clearing factor activity failed
because of the instability of the purified clearing factor preparation in
aqueous solutions,

Purified clearing factor preparatioh consists mainly of protein
and is free of lipids. Heating of the purified clearing factor prepara-
tion for 15 minutes at 60° C. or incubation with trypsin for 6 hours at
37° C. completely desiroys its activity. On the basis of these findings
and from the results of kinetic studies, it is concluded that clearing
factor ie an enzyme catalyzing the hydrolysis of triglycerides.

Activity of clearing factor is optimal at temperatures between
37° C. - 4O® C. and at hydrogen ion concentrations between pH 7.9 and 8.1,

The activation temperature of clearing factor is approximately 10,000 cal.
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and the Michaelis constant Km is 0,21 M, (learing factor catalyzes the
hydrolysis of triglycerides present in coconut oll emulsion or in human
chylomicra at about the same rate, It does not hydrolyze triacetin, On
this basis the possibility can be excluded that clearing factor is identi-
cal with alli-esterases of blood.

The initial stage of the reaction catalyzed by clearing factor
proceeds at a rate of gero order. During the first 30 minutés of the re-
action, the production of non-esterified fatty acids is about six times
greater than the production of glycerol. This agrees with the reports
that clearing factor acts selectively on the alpha and betsa bonds of
triglycerides,

In a2 system containing coconut oil emulsion at least small amounts
of protein are required for the lipolytic action of clearing factor to take
place, Since addition of calcium ions to the system replaced the require-
rent of protein, it seems that the function of the added protein is accept-
ance of fatiy acide formed during the clearing reaction,

Clearing factor and pancreatic lipase act alike in respect to
substrate specificity and protein requirement. Since the effects of the
other factors on clearing factor and pencreatic lipese have not been stud-
jed, no conclusion can be drawn whether or not these two lipolytic agents
are identical.

;I‘hese studies indicate that the heparin-induced clearing factor in
plasma is closely related to the lipases present in other biological fluids
and tissues. However, a full investigation of the relationships of the
lipases requires purified preparations of such lipases from various sources.

The purification of these lipases is beyond the scope of this study.
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ILLUSTRATION

Semi-solid Layer Between Agueous and Ether Phases after Centrifugation

of Plasma-Ether Mixture.
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ABSTRACT

After the intravenous administration of heparin to animals or
human subjects, an enzyme, the lipemia clearing factor, appears in the
blood, A2 a result of the action of this heparin-induced clearing factor,
neutral fat present in lipemic plasma is hydrolyzed into fatty acids and
glycerol, while at the same time the turbidity of the lipemic plasma is
decreased,

In order to study the kinetics of this lipolytic action of clear-
ing factor, the separation and purification of the clearing factor from
postheparin human plagma has been carried out by a method developed in this
study in the following manner: Postheparin human plam* is mixed in equal
parts with & solution consisting of 2 parts ethanol and 1 part sther at -5° ¢,
Upon incubation of this mixture at ~5° C. » numerous particles of low specific
density appear in the mixture. On centrifugation, these particles form an
interphase of semi-solid consistency between the aqueous and the ether phase.

Ninety per cent of the total activity originally present in the
postheparin plasma are recovered when the semi-solid layer is suspended in
plasma of normal non-heparinized subjects. Suspension of this semi-solid
layer in veronal buffer of pH 8.1 and repeated extractions with ethyl ether
result in further purification of the clearing factor preparation, The
final purified preparation of clearing factor represents a 130-fold purifi-

ocation (based on protein content) and contains approximately 50 per cent

# Postheparin plasma is plasma collected from nomel fasting individuals
30 mn%es after injection of 2 mg/kg body weight of heparin,



of the total original activity. Attempts to demonatrate the presence of
c¢learing activity in the plasma or serum of normal fasting individuals by
this extraction method have not been successful.

The lipolytic activity of clearing factor is measured in a system
consisting of standard fat emulion* and the purified clearing factor prep-
aration which is dissolved either in preheparin plasma or in 3,3 per cent
albumin solution. The measurements consist in determinations of the de-
crease in optical density and the increese in concentration of nonester-
ified fatty acids or glycerol.

Ultracentrifugal and electrophoretic analyses of the purified
clearing factor preparation show cne major and two minor components.

Attempts to determine which of the three components obtained by ultracentrifug-
al separation might be responsible for the lipolytic action of clearing factor
have not been successful because of the instability of the purified clearing
factor preparation in agueous solutions,

On chemical analysis the purified clearing factor preparation con-
sists mainly of proteins and is free of lipids. Glycoproteln has not been
demcnstrated in this preparation by the staining method,

The purified clearing factor preparation exerts its optimal activ-

ity at temperatures between 37° and 40° C. and at hydrogen ion concentrations

# Standard fat emulsion wes generously supplied by Dr. E.A.Hawk, Medical
Diviaion, Dept, of Clinical Investigation, The Upjohn Company, Kalamazoo,
Michigan. It consisted of: 15% coconut oil dispersed as one micron particles
in water containing 0.5% Pluronic (a nonionic detergent) and 1.0% polyglycer-~
ololeate,
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between pH 7.9 and 8.1. A4pplying the Arrhenius equation

in K:_:g (-]T-'-)}—constant

to the clearing factor activity values obtained at various temperatures,

the activation temperature of clearing factor is calculated te be 10,000 cal,
A linear relationship exists between concentration of clearing factor

and its lipolytic activity in the range of dilute concentrations {(from 0.5

to 1,0 mg. of protein). In a range of dilute concentration of substrate

the velocity of the reaction catalyzed by clearing factor increases when

the concentration of triglycerides increases. Applying the Michaelis

eguation

to the clearing factor activity values obtained at different substrate
levels, the Mjchaelis constant (Km) of clearing factor is calculated to
be 0.21 H. |
Cilearing factor hydrolyzes the itriglycerides present in a coconut
0il emlsion and in human chylomicra at about the same rate, while it
does not hydrolyze triacetin, In the case of cocomut oil emulsion, no
hydrelysis takes place until a small amount of protein is added to the
system. Since the protein can be replaced by tre addition of calcium
ions, it appears that the function of the protein is to accept the free

fatty aclds formed during the clearing reaction.
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The rate of the reaction catalysed by clearing factor has been
studied by determining the evolution of nonesterified fatty acids and glycer-
ol and by meASuring_changes in optical density. During the first 10 minutes
of the reaction, the rate of increase in the concentration of nonesterified
fatty acids as well as the decrease in optical density follow the curve of
gero order reaction. No increase in concentration of glycerol is found un-
til the reaction has proceeded for sbout 30 minutes.
| This delay in the evolution of glycérol is in agreement with the
reports that clearing factor primarily hydrolyszes triglyceride bonde in al=-
pha and beta positions. The fact that the method employed for the determin-
ation of glycerol does not detect the diglycerides }ormed first during the
resction, but only monoglycerides and glycerol, explains the delayed evolu-
tion of glycerol,

Pancreatic lipase and clearing factor act alike in respect to
substrate specificity and requirements for protein. Since no other compar-
isons have been carried out, no conclusion can be drawn aﬁ to the actual
identity of these two lipolytic agents.

In supmary, the analytical and kinetic studies on the purified
clearing factor preparation show that heparin-induced clearing factor is a
lipolytic enzyme which catalyzes the hydrolysis of triglycerides. Further
investigations sre required to determine the exact relationship between
clearing factor and the lipases present in other biological fluids and

tissues.,
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