ELECTROPHORETIC MIGRATION OF SERUM LIPOPROTEINS

inhibitor for the 18-day period of this study.
A partial reversal of this growth inhibitory
activity of cortisone may be accomplished by
the simultaneous administration of beef am-
niotic fluid.
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Serum Lipoproteins.*
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In a study on filter paper electrophoresis of
serum proteins it became quite obvious that
temperature changes markedly affected the
migration of -the serum lipoproteins even
though the migration of the main serum pro-
teins was affected to only a negligible extent.
In order to determine what variations ex-
tremes in laboratory temperature might cause,
we have carried out a study on the cholesterol
distribution along filter paper strips following
electrophoresis at 5°C versus summer room
temperature and 35°C. The summer room
temperature, though not known exactly, was
probably around 26°C to 30°C most of the
time.

Methods. A Kelab paper electrophoresis
apparatus was used with Whatman #3 filter

"paper strips (4.6 x 35 cm) and a barbital-
sodium acetate buffer of pH 8.6 and ionic
strength .05. Three strips of filter paper
separated from one another by plastic strips
were placed between the glass plates of each
of the 2 compartments, thus making a total
of 6 strips for each run. To each of the strips
at a line 12 cm from the cathode end of the
strip a total of 0.05 ml of serum was applied
evenly across the strip except for a margin
of 2 mm at each edge. The duration of the

* Grateful acknowledgement is made to the Rey-
nolds Metals Co. for research grant and to Lederle
Laboratories for summer research fellowship to PCT.

electrophoresis was 15 hours. A current of
1.2 milli-amps per strip was employed consis-
tently and the potential was approximately
210V. At the end of the electrophoretic pro-
cedure all strips were removed and processed
as follows: a) 2 strips were oven dried at
100°C for about 45 minutes then stained with
bromphenol blue for protein after the method
of Koiw et al.(1); b) one strip was air dried
then stained with Sudan Black-B for lipids;
and c) the other 3 strips were kept from dry-
ing by suspending them in a 1000 ml glass
cylinder containing water at the bottom and
covered with an inverted petri dish to reduce
evaporation. As soon as the position of the
various proteins along the dried strips was de-
termined, which seldom exceeded 90 minutes
from the time the strips were removed from
the electrophoretic apparatus, the wet strips
were cut as indicated below and the sections
transferred to 25 ml glass stoppered Erlen-
meyer flasks. Nine sections were employed:
1) the albumin area, which also contained the
alpha,-globulin; 2) the area between the al-
bumin, alpha;-globulin and the alphas-globu-
lin; 3) the alphas-globulin; 4) a narrow strip
between the alphas- and beta-globulins; 5)
the beta-globulin; 6) a strip between the beta-
globulin and 5 mm from the starting point;
7) the area from 5 mm of the starting point
to 5 mm on the other side of the starting point
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TABLE 1. Effect of Temperature Variations on the Electrophoresis of Serum Lipoproteins.

——————Avg 9% of total cholesterol/section with stand. dev.———— Total
No. of Albumin Alpha, Beta to <5 mm to Temp., chol.,*
subjeets to alpha,  Alpha, to beta Beta +5mm -5mm Gamma °C. mg %
9 19.2+4.2 10.2+7.4 4.6+4.6 40.6%+56 21.6+7.9 3.1x17 .6x1.0 35t (175-272)
(12.7-27.4) (2.5-23.3) (0-12.6) (34.3-48.7) (8.2-31.9) (0-6.1) (0-3.0)
18.2+3.6 3.3+14 246 346+158 34.2+99 8.1+4.6 1.1+1.1 5
(13.3-25.1) (.9-5.8)  (0-1.9) (6.5-55.6) (24.5-50.7) (2.3-17.0) (0-4.1)
4 11.1+1.6 18.4+14.5 8.3+3.3 43.2+84 14.4+2.0 3.7*x31 .9+1.3 351 (331-346)
(8.8-12.7) (7.9°39.8) (5.3-12.1) (33.5-53.7) (12.1-16.9) (0-7.6) (0-2.7)
12.8+2.4 4.7+29 1.8+22 545+4.6 17.3+48 7.1=x15 1.7+1.6 5
(9.4-15.1) (2.3-8.8) (0-4.4) (51.5-61.3) (10.4-21.5) (5.7-9.0) (0-3.2)
1 4.9 2.0 6.8 24.3 41.2 19.2 1.3 35 529
6.4 1.2 3.0 31.4 36.0 21.0 1.0 5
1 6.5 32.4 3.8 24,4 21.5 9.2 2.1 35 674
5.8 6.8 6.1 44. 22.8 12.4 2.0 5
Approx. width 45 20 5 22 17 10 10 (blank = 10 mm)
of strip
(mm)

* Values below 300 mg % are considered normal for total cholesterol;

mined by method of Forbes(2). (Range.)

total concentration deter-

t 2 in each of these were run at summer room temp. instead of 35°C,

which usually included some of the gamma-
globulin; 8) the gamma-globulin; and 9) a
portion 10 mm wide towards the end of the
strip to serve as a blank. Approximately 17
ml of a 1:1 mixture of ethyl alcohol and ethyl
ether were added to each flask, then stop-
pered, shaken and set aside overnight. On the
following day the flasks were immersed to a
depth of about 1 inch for 4 hours in a water
bath at 63-65°C. Occasionally the solutions
boiled slightly at first but sufficient pressure
was never developed to blow the stoppers out.
Most of the ether had escaped by the end of
the period, at which time the flasks were re-
moved from the bath. The solution remaining
in each flask was transferred to correspond-
ingly labelled test tubes and the paper and
flask rinsed twice with about 3 ml of the al-
cohol-ether mixture. The tubes were then put
in a water bath not above 63°C and the con-
tents evaporated to dryness with the aid of a
current of air. Each tube was removed from
the bath as soon as dry.

Cholesterol determinations were made on
each set of 9 tubes as follows: 2 ml of chloro-
form and 0.8 ml of acetic anhydride were
added to each tube which was then shaken
and put in a water bath at 22°C for 10 min-
utes; 1 drop of concentrated sulfuric acid was
added, the tubes shaken, replaced in the water

bath and set aside in the dark for 20 minutes
for development of the color. The light ab-
sorption was read in a Klett-Summerson. pho-
toelectric colorimeter using micro cuvettes
and light filter #42. A cholesterol 'standard
was run simultaneously. Separate blanks
were run for the standard and unknown solu-
tions.

Some experimental results are shown in
Table I. Since there was little cholesterol in
section 2) the results thereof are combined
with section 1). The values in the Table rep-
resent the average of 3 strips for each serum.
The agreement between strips was quite good
and the average of the sum of the 3 strips was
usually in close agreement with the total
cholesterol. The results on the various sub-
jects with cholesterol below 300 mg per cent
have been combined as are also those with
values between 300 and 400 mg.

Although the rate of migration of the main
serum proteins, as indicated by the brom-
phenol blue stain, was not significantly ‘af-
fected by the temperature variations em-
ployed, the rate of migration of the beta-
lipoproteins was quite definitely affected as
shown by both the Sudan Black:B staining
and the cholesterol distribution. . The temper-
ature effect was especially marked in normal
sera with normal cholestero]. concentration.
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The rate of migration of the lipids associated
with the albumin, alpha,-globulin area was
not apparently affected by the temperature
variations. It will be seen from the results
. shown in Table I that a fair amount of the
cholesterol normally associated with the beta-
globulin area moved considerably faster at
35°C than at 5°C. The amount of cholesterol
remaining around the starting point was
usually less at the higher temperature than at
5°C. This was especially evident in serums
from normal subjects with normal cholesterol
concentrations. The Sudan Black-B staining
material in nearly all cases agreed quite well
with the cholesterol distribution.

Discussion. The cholesterol distribution
which we obtained at 5°C is in reasonably
good agreement with that obtained by Boyd
(3) using a temperature of 1-12°C. The de-
terioration of resolution of the alphas- and
beta-globulins which Boyd obtained at higher
temperatures was evident in only a few of our
cases when electrophoresis was conducted at
35°C, and even in these cases the difference
was not marked. The fact that the tempera-
ture differences did not apparently affect the
rate of migration of the cholesterol-containing
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lipids found in the albumin, alpha;-globulin
area is probably a reflection of their high pro-
tein content and great stability as contrasted
with the beta-lipoproteins.

Summary. Paper electrophoretic studies
showed that the rate of migration of beta-
lipoproteins was considerably less at 5°C than
at summer room temperature or at 35°C. No
effect of temperature was evident in the case
of the lipoproteins migrating with the albu-
min, alpha;-globulin. The rate of movement
of the main serum proteins was apparently
the same at the different temperatures, but
the resolution of the alphay- and beta-globu-
lins was sometimes less distinct at the higher
temperature. The results presented show the
importance of using relatively constant tem-
peratures when comparative paper electro-
phoretic studies are carried out, especially of
beta-lipoproteins.
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When labeled organic mercurials are injec-
ted intravenously into normal animals, the
radioactivity is localized in the kidney(1,2).
The purposes of the present study were to
measure the concentration of mercury in the
kidneys of normal rabbits following the ad-
ministration of large doses of the tagged

* This study supported in part by grants-in-aid
from American Heart Assn. and Wyeth Lab. and
by contract with U. S. Atomic Energy Commission.

t Established Investigator of the American Heart
Assn.

Hg203 supplied by Oak Ridge National Lab., Oak
Ridge, Tenn., on allocation from U. S. Atomic
Energy Commission.

mercurial, and to determine the effect of this
agent on the renal concentration of sulfhydryl
compounds.

Material and methods. Mercaptomerin
sodium? was labeled with Hg?® to contain 40
uc of Hg?% per mg of mercury; each ml of the
stock solution contained 40 mg of mercury in
140 mg of mercaptomerin sodium. Fourteen
young rabbits were used. Each of 12 animals
was anesthetized with ether and a unilateral
nephrectomy was performed. The desired

1 Hg203_labeled mercaptomerin sodium was syn-
thesized by the Wyeth Institute of Applied Bio-
chemistry.



