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TaBLE VI
TITRATION RESULTS OF Bisr WITH OXYGEN

Cobalt Oxygen required to Ratio Co: 01 Diffusion current® ""n' Electrons

Titration taken, reach end-point, mmoles at end-points at end-points, amp. at end-pointd
no. mmoles 1st 2nd 1st 2nd 1st 2nd 1st 2nd
1 4.51 1.11 3.26 4.08 1.38 1.10 2.92 0.63 3.74

2 5.25 1.32 . 4.03 .. 1.31 . .64 .
3 4.23 1.07 3.25 3.95 1.30 1.11 2.80 .65 3.82

@ Diffusion current at the end-point; corrected for dilution. Data for run 2 were taken beyond the end-point. ? Cal-
culated by the Ilkovic equation; n = 43/(6056 CD'2m*t1/s) in which 44 is the diffusion current at the end-point; C is the
millimolar concentration of Byr: (1) in calculations at the first end-point concentration of By, was used, (2) in calculations
at the second end-point concentration that was equivalent to the By, dimer was used; D is the diffusion coefficient: (1)
in the calculations at the first end-point the diffusion coefficient that of By, (2.95 X 1075 cm.?/sec.), (2) in the calculations
at the second end-point the diffusion coefficient that of Bys, dimer (2.33 X 1078 cm.2/sec.) was used ; m¥/s¢/s is the capillary
constant at —0.1 v. toward S.C.E, (18875 mg.¥s sec.!/s),

merged with the wave of the dimer at the second

stances. The diffusion currents throughout the
end-point. That is, the behavior is identical to

titration were simply those predicted by the addi-

that of By during this part of the titration.
The titration of By, with standard oxygen solu-
tion showed no interaction between the two sub-

tion of the diffusion currents of the two materials
measured separately.
AMES, lowa
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Two high-density lipoprotein fractious were isolated by preparative ultracentrifugation. Sedimentation coefficient, ap-
parent partial specific volume and molecular weight were measured centrifugally. The molecular weights at pH 6.7 were
1.75 X 105 for the lipoprotein with partial specific volume 0.867 and sedimentation coefficient 4.65 (HDL-3), and 4.0 X 10°

for the lipoprotein with partial specific volume 0,903 and sedimentation coefficient 5.45 (HHDL-2).

Measurements at various

solution densities and concentrations indicated that HDL-3 was a fairly homogeneous fraction.

Introduction

In 1949 Gofman, Lindgren and Elliot* showed
that the boundary anomaly observed by McFar-
lane’ and Pedersen® in ultracentrifugation of human
serum could be interpreted as a pile up of lipopro-
teins at the albumin boundary. Subsequent work
by Gofman and his associates’ described the isola-
tion of low density lipoproteins8 by centrifugal tech-
niques. The isolation and characterization of the
high density lipoproteins has been reviewed by de-
Lalla and Gofman.?

(1) This paper is taken in part from a dissertation submitted to the
University of California in partial fulfillment of the requirements for
the degree of Doctor of Philosophy, January, 1957. Presented at the
American Chemical Society Meeting, September, 1957, New York
City.

(2) National Science Foundation Predoctoral Fellow, 1954-19535.
U. S. Public Health Service, National Heart Institute, Predoctoral
Fellow, 1955-1956.

(3) Arthur D. Little, 1nc., Cambridge 42, Mass.

(4) J. W. Gofman, F. T. Lindgren aud H. A. Elliot, J. Biol. Chem.,
179, 973 (1949).

(5) A.S. McFarlane, Biochem. J., 29, 660 (1935).

(6) K. O. Pedersen, J. Phys. Colloid Chem., 81, 156 (1947).

(7) F. T. Lindgren, H. A. Elliot and J. W. Gofman, ibid., 6, 80
(1951).

(8) Low-density lipoproteins are those macromolecules which float
to the top of a centrifuge tube in the Spinco Model L Preparative
Ultracentrifuge at a solution density of d%s 1,063 when centrifuged
for 13 hr. at 40,000 r.p.m. in the 40.3 rotor. By this definition high-
density lipoproteins are lipoproteins which sediment under the fore-
going conditions.

(9) O.deLalla and J. W. Gofman, in Glick "Methods of Biochemical
Analysis,” Vol. 1, Interscience Publishers, New York, N. Y., 1954, p.
459.

In a recent paper, Lindgren, Freeman, Nichols
and Gofman!0 described a model for lipoprotein
structures which featured a core of triglyceride,
chloresterol and cholesteryl esters surrounded by
an outer shell of high-density lipoproteins. It
seemed of interest to characterize some of the high-
density lipoproteins more precisely than has been
done previously. Klainer and Kegeles!! have de-
scribed a modification of the Archibald!? method
for determining molecular weights by approach to
sedimentation equilibrium. This modification per-
mits determination of molecular weight from centrif-
ugal data obtained over a period of a few hours.

The molecular weight data may be combined
with sedimentation coefficients to calculate fric-
tional factors and axial ratios of the macromole-
cules.!® The partial specific volume, which is
uneeded for the calculations, could be determined
centrifugally by the method of Katz and Schach-
man. 4

Experimental

Materials.—Following tlie nomenclature of deLalla and
Gofman,* HDL-1, HDL-2 and HDL-3 are high-density

(10) F. T. Lindgren, N. K. Freeman, A. V. Nichols and J. W. Gof-
man, Proc. Roy. Flemish Acad. Sci. Belgium, in press.

(11) S. M. Klainer and G. Kegeles, J. Phys. Chem., 59, 852 (1955).

(12) W. J. Archibald, sbid., 81, 1204 (1947).

(13) T. Svedberg and K. Q. Pedersen, '"The Ultracentrifuge,’ Ox-
ford University Press, Oxford, 1940,

(14) S. Katz and H. K. Schachman, Biockim. Biophys. Acta, 18, 28
(1853).
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lipoproteins with ‘‘hydrated density’’ of 1.065, 1.075 and
1.145, respectively.

HDL-3 was isolated by the following procedure: Human
blood serum was mixed in a 1:1 ratio by volume with a solu-
tion of NaNOQ; in DO (d%, 1.2425). The solutions were
centrifuged 24 hr. at 40,000 r.p.m. in a Spinco Model L Pre-
parative Ultracentrifuge using the 40.3 preparative rotor.
The top cc. in the lusteroid sample tube, containing all the
low density lipoproteins plus HDL-1 and HDL-2, was
pipetted off. The lusteroid tube was sliced with a razor at
a point ce. 1 cm. below the liquid surface, allowing some
solution to run out. The remaining 4 to 5 cc. were poured
from the tube and saved for isolation of HDL-3.

The ‘“‘bottom’’ solution from the first preparative ultra-
centrifugation was mixed 2:1 by volume with a NaNOg—
D,0 solution of d%, 1.3925. This mixture was centrifuged
24 hr. at 40,000 r.p.m., and the top 1 cc. in each tube, which
contained the HDL-3, was pipetted off. These samples
contained ca. 0.8 g. of HDL-3/100 cc.

HDL-2 was isolated by a somewhat similar procedure.
Human blood serum was mixed 1:1 by volume with an
aqueous NaCl solution to bring the final mixture to a solu-
tion 4%, 1.063. After centrifugation for 13 hr. at 40,000
r.p.m., the floating lipoproteins were pipetted off, the tube
sliced with a razor and the bottom 4 ml. adjusted to a d%,
1.070 %= 0.001 with D,0-NaNO;. This solution was cen-
trifuged 36 hr. at 40,000 r.p.m. The top 2 ml. wasremoved,
the tube sliced and the bottom 4 ml. adjusted to d%, 1.125
with NaNOgs~D,O. This was centrifuged 24 hr. at 40,000
r.p.m. to obtain HDL-2. The HDL-2 floats to the top and
was obtained in concentrations of 0.5 to 0.7 g. of HDL-
2/100 cc.

In the preparation described above, HDL-1 is obtained in
low yield in the second centrifugation. However, the re-
peated recentrifugations initiate denaturation of HDL-1
similar to the irreversible dialysis changes described by Ray,
Davisson and Crespi.’® Hewitt!® has also noted this de-
naturation in recentrifugation of lipoproteins.

After isolation of the HDL-2, the solutions were examined
for freedom from other lipoprotein components by analytical
ultracentrifugation at 52,640 r.p.m. in the Spinco Model E
Analytical Ultracentrifuge. At the density of the samples,
HDL-2 will float. In some cases, the flotation analysis
showed the presence of another floating component which
has a higher flotation rate than HDL-2. Shore!” has ob-
served this fraction in samples isolated from various indi-
viduals. In some cases it may contribute as much as 309,
of the HDL-2 peak in an analytical determination. This
fraction appears to be a lipoprotein of hydrated density
(d®y) ca.1.081.17 It will be referred to as HDL-1.5 here for
convenience, since it floats between HDL-1 and HDL-2 in
analytical ultracentrifugation.

HDL-1.5 was removed from HDL-2 samples in one of two
ways. Using a phosphate buffer solution of 0.1 ionic
strength, the HDL-2 solution was adjusted accurately to
d®; 1.090. The mixture was centrifuged 24 hr. at 40,000
r.p.m. in the 40.3 preparative rotor. The top 1 ml. con-
tained a miixture of HDL-1.5 and HDL-2; due tosalt redis-
tribution and convection, HDL-2 was found in the remain-
ing 5 ml. of each tube. It could be removed by slicing the
tube as described and pipetting.

The alternative procedure for removing HDL-1.5 is to di-
alyze the solution against a buffer made up of 0.025 mole of
NaH,PO; and 0.025 mole of Na,HPO, per liter H,O. This
buffer has ionic strength 0.1 and pH 6.7 at 20°. Dialysis
did not denature the HDL-2 (this point will be discussed
further below).

After dialyzing the HDL-2 solution until its density fell
below 1.01, the mixture was centrifuged 5.5 to 6 hr. at 40,000
r.p.m. in the 40.3 rotor. The HDL-1.5 was packed into the
bottom 1 ml. of the preparative tubes. The top 1 ml. was
free of all lipoproteins, and after removal, the 2nd through
5th ml. were pipetted out of the tube.

In either procedure, all the HDL-2 recovered was found
to be free of contaminating HDL-1.5 by analytical ultracen-
trifugation. The concentration obtained was in the range

(15) B. R. Ray, E. O. Davisson and H. L. Crespi, J. Phys. Chem.,
58, 41 (1954).

(16) J. E. Hewitt, Thesis, University of California, Berkeley, 1955.

(17) B. Shore, "C- and N-Terminal Amino Acids of Human Serum
Lipoproteins,'" University of California Radiation Laboratory Report
UCRL 3489, August 8, 1956. Also personal communication.
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0.45-0.6 g. HDL-2/100 cc. The samples could be further
concentrated by preparative ultracentrifugation.

These isolation procedures were carried out on pooled
samples of human serum. In most cases, pools representing
3 ml. of serum per individual were used and each pool con-
tained of the order of thirty to fifty individual samples.

Dialysis.—The crude HDL-2 and HDL-3 solutions could be
dialyzed into the phosphate buffer without apparent denatu-
ration, although no attempts were made to protect against
oxidation.’® A ‘‘Visking'’ bag was used and rocking di-
alysis was carried out with daily changes of the phosphate
buffer (x = 0.1, pH 6.7).

Samples were dialyzed with fifteen daily changes of buffer
(using ca. 100 cc. buffer per 1 cc. solution), then resuspended
in D;O~-NaNOQ; at the original solution density. There were
no changes in sedimentation coefficient other than those due
to concentration-dependence. From the seventh to the
fifteenth day of dialysis, samples in the phosphate buffer
showed no change in sedimentation coefficient within the
range of experimental error. By ultracentrifugal criteria
there was no apparent change in HDL-2 or HDL-3 due to
dialysis.!8

Refractive Index Measurements.—All measurements of
re ractive index were made with a Phoenix Precision Differ-
ential Refractometer at 20°, Calibration was done with
NaCl or sucrose solutions of known composition. Dry
weights of lipoprotein solutions were measured by vacuum
drying at 70°.1°

Density Measurements.—Density measurements were
made with a bulb and capillary pycnometer of the Lipkin
type, at 20.0°. Triplicate measurements were made on
each sample. With a 5-ml. pycnometer, the agreement be-
tween measured densities was £=0.00006 g./cc. or better in
all cases, while with a 1-ml. pycnometer the internal agree-
ment was £=0.0001 g./cc.

Viscosity Measurements.—Viscosities were measured
with an Ostwald—Cannon viscometer of 1-ml. capacity. An
electrical timer reading to 0.1 second was used to ineasure
the flow times. The viscometer was immersed in a constant
temperature bath at 20.0 = 0.05°. This particular vis-
cometer had an efflux time of ca. 220 seconds for distilled
water at 20.0°.

Ultracentrifugal Measurements.—A Spinco Model E
Analytical Ultracentrifuge was used for the sedimentation
analyses. The optical system used a Wolter phase-plate
for the Schlieren diaphragm.® Double sector centrifuge
cells were used, and the bar angle of the phase plate was
constant at ca. 43° in all runs. A Spinco temperature con-
troller was used to hold the rotor at constant temperature.
The optical constants and rotor dimensions had been deter-
mined previously.47.918

All analytical ultracentrifuge runs were made at 52,640
r.p.m., using double sector cells. Photographs were taken
at 8 minute intervals. The analysis of tlie photographs
follows the ‘‘second moment’’ method,? using the enlarging
technique described by Bjorklund and Katz.2?

All molecular weight measurements were made at 12,590
r.p.m., using double sector cells. In runs of less than 1 hr.,
the temperature rise without using the controller was less
than 2°, and the average temperature during the run could
be used in the computations. For all runs longer than 1 hr.,
the temperature controller was used.

It is necessary to locate the true bottom of the centrifuge
cell in determining molecular weights. Spurious reflections
from the flat cell bottoms prevent accurate locations of tle
true position of the cell bottom. To remedy this difficulty,
0.1 cc. of Dow Corning high-vacuum silicone oil was added
to the cell. The buffered lipoprotein solution is less dense
than the silicone oil and does not appear to move into sus-
pension or solution in the silicone oil. In this way, a trans-

(18) Experiments carried out by T. E. Davis, T. Pilkington and
B. Shore at this Laboratory also showed that dialysis had no apparent
effect on HDL-3, using acetate buffer, NaCl solutions or "'Tris"
buffer.

(19) S. H. Armstrong, Jr., M. J. E. Budka, K. C. Morrison and M.
Hasson, THis JOURNAL, 69, 1747 (1947).

(20) R. Trautman and V. W. Burns, Biochim. Biophys. Acta, 14,
26 (1954).

(21) R. Trautman and V. Schomaker, J. Chem. Phys., 22, 551
(1954).

(22) R. Bjorklund and S. Katz, THis JoOUurRNAL, 78, 2122 (1956).
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parent cell bottom is obtained, and it is relatively easy to
measure the position of the true base.23

Plates were enlarged (56X ) and traced. For the Archibald
analysis,!? the ordinates from the base line to the Schlieren
pattern were read at each 0.5 cm. of the tracing. The
values of dc/dx were computed from the appropriate con-
stants.

For the method of Klainer and Kegeles,!! the ordinates
were read at each 1 mm. and the values of d¢/dx computed.
In each case, the value of ¢, (corrected for radial dilution)?
was determined from an analytical ultracentrifugation at
52,640 r.p.m. Several different values of ¢y were used in
runs on HDL-2 and HDL-3, since the possibility existed
that the activity coefficients were not unity. A run was
also made on an HDL-3 solution in phosphate~D;O buffer.
At this higher density, the compressibility effects discussed
by Cheng and Schachman?é might be detected.

Verification of Methods.—To verify the accuracy of the
sedimentation equilibrium methods used, runs similar to
those described above were made on albumin, Armour
Crystalline Bovine Plasma Albumin, Lot #M66909 was dis-
solved in the 0.1 ionic strength phosphate buffer and di-
alyzed against phosphate buffer for 28 hr. with one change of
buffer. Final concentration was determined from the
ultracentrifuge pattern. The specific refractive increment
for the albumin was 0.192 (g./ml.), derived from the data of
Perlmann and Longsworth.® The partial specific volume
used was 0.7343 cc./g., the value given by Dayhoff, Perl-
mann and Maclnnes.2

Results and Discussion

Bovine Plasma Albumin.—The concentration of
the albumin solution was 0.54 g./100 cc. The
solution density was 1.0056 g./cc. A run at 12,590
r.p.m. for 48 hr. was made. Photographs taken at
16 minute intervals for the first 128 minutes were
analyzed by the method of Klainer and Kegeles.!!
Subsequent photographs made at 13, 20, 38 and 48
hr. were analyzed by the Archibald method.

The molecular weight determined at the cell bot-
tom by the Archibald method was 67,100. At
48, 64, 96 and 128 minutes, respectively, the Keg-
eles method gave molecular weights of 67,400,
69,500, 69,500 and 71,000. The lower value at the
cell bottom is not unexpected. The equation used
for computing molecular weight

1 de RT
o &x (T = op)a? (0
implies that p, the solution density, is coustant at
all points throughout the cell during the run.
Since some albumin sediments during the run, the
density will be decreased at the meniscus and in-
creased at the base of the cell with time. Because
M is inversely proportional to (1 — 7p), the values
at the meniscus should be higher than those at the
base.

Values of M for bovine plasma albumin re-
ported in the literature range from 65,000 to
71,300.11.%7 ~ The results reported here are there-
fore in good enough agreement to conclude that the
techniques used are of suitable accuracy.

HDL-3.—A stock solution of HDL-3, dialyzed
for ten days against a fifty-fold excess of the phos-
phate buffer with daily changes, was used to

M=

(23) This technique was developed by Prof. Howard Schachman and
his group at the Virus Laboratory, University of California, Berkeley.

(24) P, Y. Cheng and 11. K. Schachman, THrs JourRnaL, 77, 1498
(1955).

(25) G. Perlmann and L. Longsworth, ¢bid., 70, 2719 (1948).

(28) M. O. Dayhoff, G. Perlmann and D. A. Maclnnes, ¢bid., 74,
2515 (1952).

(27) J. T. Edsall, in 1I. Neuratli aund K. Bailey, "The Proteius,”
Vol. 1B, Academic Press, Inc.,, New York, N. Y., 1933, pp. 549-726.
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determine the specific refractive increment and the
partial specific volume of HDL-3. Dry weights
were determined on aliquots of dilutions with
buffer of the stock solution. The specific refrac-
tive increments were computed from refractive in-
dex measurements. For HDL-3 in phosphate
buffer at 20° the measured specific refractive in-
crements were 0.1514 (g./cc.) ! at 435 A. and 0.166;
(g./cc.)"lat 5461 A. These values are lower than
those which can be computed from the data for
“a-lipoprotein.” .22 However, “a-lipoprotein” was
isolated by low-salt, ethanol fractionation, and the
measurements were made at 25°. Because of these
differences, intercomparison of the values is un-
warranted.

The partial specific volume of HDL-3 was deter-
mined pycnometrically from dilutions of stock solu-
tions of HDL-3 in phosphate buffer. The con-
centrations were measured refractometrically. Us-
ing density data obtained with a 5-ml. pycnom-
eter, following the method of Dayhoff, Perlmann
and MaclInnes,? the partial specific volume at in-
ﬁni;e dilution for HDL-3 was found to be 0.867
ml./g.

Fourteen samples of HDL-3 in phosphate buffer,
ranging in concentration from 0.1 to 0.8 g./100 cc.,
were used to measure the concentration dependence
of the sedimentation coefficient. The samples were
taken from these separate pools of HDL-3, each
pool representing 36 individuals. Figure 1 is a
plot of 1/s versus ¢ for these samples. Extrapo-
lation of a least-squares line through the points
gave an infinite dilution sedimentation coefficient of
4.415. In the expression

/1 4 ke) =5 (1)
the value of & was computed to be 15.0 (g./cc.) 1.

To check this value of 2, HDL-3 was dialyzed
against 0.025 M Na.HPO, 4 0.025 M NaH,PO,
in 99.99 D,0 (d*% 1.110). From sedimentation
velocity data for four runs with concentrations
ranging from 0.36 to 0.70 g./100 cc., the value of
s% calculated from equation II with 2 = 15.0 was
1.097 = 0.017.

The value of k is higher by an order of magnitude
than values reported for other blood macromole-
cules.?” It is consistent, however, with the values
for other serum lipoproteins.®?2 An error in the
measured value of dn/dc would affect the value of
k but not of s%. Assuming the limits of dn/dc to be
from 0.148 (for pure lipid with no associated pro-
tein) to 0.190 (for pure protein),' the value of %
would still be of the order of 10 to 20.

The “hydrated density” given by deLalla and
Gofman® is 1.145. This corresponds to an ap-
parent partial specific volume of 1/1.145 = 0.873,
which is close to the pycnometric value of 0.867.
Katz and Schachman!? have pointed out, however,
that a density corresponding to zero sedimentation
in a buffer solution may not represent the true recip-
rocal 4. Rather, the density may be viewed as a
measure of the association of water and/or salts
with the macromolecule. The density correspond-
ing to a true reciprocal ¢ will be found only when the
solution density is varied by addition of a sub-
stance which behaves like water toward the mucro-
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ULTRACENTRIFUGAL MOLECULAR WEIGHTS—HDL-3
0.025 M NaH.PO,; + 0.025 M NaHPO,, g = 0.1, pH 6.7

Running Concn.
time Solvent T HDL-3 d* (soln.)
(hr.) (+PO¢) (°C) (g./100 cc.) (g./ce.)
96 H,0 17.6 0.270 1.0046
44 D.0O 20.0 .330 1.1102
2
2 H,;0 21.0 .461 1.0049
molecule. Katz and Schachman indicate that

D,0 acts like H,O in such a system.

Since it was not possible to operate in a salt-free
system (lipoproteins behave like euglobulins and
are insoluble in salt-free systems), it seemed feasible
to study the effect of variations in density with
mixtures of H,O and D;0 keeping the ionic strength
low. The Katz and Schachman treatment leads
to the conclusion that the density of zero sedi-
mentation would approach the true 1/7 as the ionic
strength approaches zero. Two sets of HDL-3

0.20

L i

0.0 0. 02 03 04 05 06 07 08
¢, g./100 cc.

Fig. 1.—1/s vs. ¢ for HDL-3 in 0.025 M NaH,PO; + 0.026 M/
Na.HPO,; 52,640 r.p.m., 20.0°.

solutions were prepared, one with ionic strength 0.1
(phosphate buffer), the other with ionic strength
3.0 (NaNO;). With various proportions of DO
and H,0, these solvent systems would produce solu-
tions of varying deusity but constant ionic strength.
The sedimentation (or flotation) coefficients were
determined at 20° for these solutions and corrected
to zero concentration using 2 = 15.0. From sol-
vent viscosity and s° the plots of #s® versus density
shown in Fig. 2 were made. There is little apparent
shift of the density of zero sedimentation with ionic
strength. In the NaNO; system dy = 1.148, while
in the phosphate system, do = 1.153. These
values correspond to apparent #'s of 0.871 and
0.867 for NaNO; and phosphate, respectively.

HDL-3 in phosphate buffer had an intrinsic
viscosity of 0.033. For prolate ellipsoids, this cor-
responds to an axial ratio of 3.2 and f/f; = 1.126.%
From viscosity, s®and 9, the value of sy w for HDL-3
was 4.64;.

The molecular weight of HDL-3 was calculated
as 1.74 X 10° from ss,w and f/fy. This molecular
weight depends on the choice of a model for mo-
lecular shape. A molecular weight determined by
the Archibald method does not make any assump-
tions about wmolecular shape, and furthermore re-

Stand. dev. of

Mol. wt. X 107¢ mol. wt. X 1073 Rel. to
Meniscus Base Meniscus Base method
.. 1.78 .. . 12
1.81 1.69 .. .. 12
1.82 1.70 6.1 4.1 11
1.66 1.74 13.7 4.4 11
quires only the partial specific volume. (It can be

shown that the Klainer and Kegeles equations ap-
ply without knowing the true value of dn/dc.)
Table I summarizes the molecular weight values
determined under various conditions by ultra-
centrifugal transient state methods.® The molec-
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Fig. 2.—ns® us. d2%, for HCL-3 solutions; 52,640 r.p.u.,
20.0°: , 0.025 M NaH,PO; + 0.025 M Na,HPO; in
mixtures of D:0 and H,O:; ----, 3.0 M NaNOj; in mixtures
of D,O and H,0.

ular weights found by the Archibald method were
determined by extrapolation of a molecular weiglit
versus time plot. The values determined in D,O
solution indicate that there is little polydispersity
of 4. At a density of ca. 1.0, a range of 19, in 9
miglit cause a variation of 1 X 10* in molecular
weight, while at density ca. 1.1, the same range in 7
would cause a variation of 2.5 X 104

It seems reasonable to conclude that the molec-
ular weight of HDL-3 determined by ultracentrif-
ugal transient state methods is 1.75 = 0.9 X 10%
The agreement with the value from viscosity and
sedimentation coefficient must be regarded as
fortuitous.

HDL-2.—Two separate samples of HDL-2 were
isolated, with final isolation achieved by preparative
ultracentrifugation at d%, 1.090. The dialysis into
0.1 ionic strength pH 6.7 phosphate buffer pro-
duced no evidence of degradative changes, by the
criteria described above,

Corncentrations were determined using the spe-
cific refractive increment found for HDL-3. This
assumnption probably is not correct, but for pur-
poses of this work the value is sufficiently accurate.

(28) The term “'transient state methods™ was suggested by an

anonymous referee to describe these methods involving approach to
sedimentation equilibrium.
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As discussed above, only the value of & is affected
by errors in dn/dc.

Figure 3 is a plot of 1/s versus ¢ for HDL-2 in
phosphate buffer. At 20.0°, s¢ = 5.11; and & =
16.3 (g./cc.)~'. Because of the possible error in
concentrations, due to use of the dn/dc value for
HDL-3, k may be slightly high., In any event, ap-
plication of statistical significance tests (“‘t” test)
showed that kupi-; was not significantly different
from kypr-s. Itis sufficient to state that % is of the
same order of miagnitude for both lipoproteius.
The value of s%ypr-; is significantly differeut from
S’HDL-2.

0.25 ‘, — ]
]
; — |
g e !
“ f ‘//AO/” !
= 0.20°¢ ——" T
I
i
l |

0.15 | ‘ . —

00 01 02 03 04 05 06 07 08
¢, g./100 cc.

Fig. 3.—1/s vs. ¢ for HDL-2 in 0.025 M Na,HPO, + 0.025 1/
NaHPO,; 52,640 r.p.m., 20.0°.

The “hydrated density’” given by deLalla and
Gofman® 1s 1.075. This measurement was niade
with 3 M NaNO; solutions in H,O-D,O mixtures.
Since HDL-2 sedimented in 0.05 M phosphate in
H,0-D;O at 4%, 1.090, the effect described by
Katz and Schachman?!* seems significant for HDL-2.
Shorel” found a density of zero sedimentation 4%,
1.093 in NaCl solutions of 1.0-1.5 M in H,0.

Samples of stock solution of HDL-2 in HO-
phosphate were diluted 2:1 (v./v.) with mixtures
of D0 and H,O buffers, at constant phosphate con-
centration. The density of each sample was
measured at 20.0° and tlie sedimentation coefficient
determined. TFigure 4 1s a plot of 5s® versus d*;.
All sedimentation coefficients were corrected to in-
finite dilution with eq. II using £ = 16.3. Since
concentrations were all ca. 0.15 g. HDL-2/100 cc.,
this correction was quite small.

The density of zero sedimentation was 1.105
g./cc. This corresponds to an apparent § = 0.904g
(g./cc.)~L. 1In the calculations herein, § = 0.905
was used. From s% & aud solvent viscosity, Sao.w
= 544:6

Molecular weights were determined at 20.0°
at a centrifuge speed of 12,590 r.p.m., at two dif-
ferent concentrations. Analysis of the data was
by the method of Klainer and Kegeles.!! It ap-
peared, that uuder the experimental conditions,
HDL-2 represented some sort of upper limit of ap-
plication of this technique. At concentrations of
tlie order 0.5 g. HDL-2/100 cc., the Schlieren
image ran off the screen at the base of the cell,
while at concentrations of the order 0.15 g. HDL-2/
100 cc., the Schlieren image at the meniscus was
not sufficiently clevated from the base line to per-
it accurate measurements of An. It is not prac-
tical to change the bar angle of the Schlieren system
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to make alternate photographs of base and meniscus
during a run. The low-speed attachment for the
Spinco ultracentrifuge would permit a reduction in
centrigugal force sufficient to give usable data from
both meniscus and base in one run. Such equip-
ment was not available in this Laboratory, how-
ever.
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Fig. 4.—3s® vs. d¥® for HDL-2 in 0.025  NaH.PO, +
0.025 M Na,HPO, with varying proportions of D,0O and H;O.
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At concentration 0.5 g. HDL-2/100 cc., the
molecular weight at the meniscus was 4.1 X 105,
with a standard deviation of 8.3 X 10% At con-
centration 0.15 g. HDL-2/100 cc., the molecular
weight at the base of the cell was 3.9 X 10° with
standard deviation 13.8 X 10%. The values are
not significantly different by statistical criteria.
The best value of molecular weight of HDL-2 is
4.0 = 0.3 X 105

Table IT is a summary of the measured and cal-
culated values for HDL-2 and HDL-3. No data
are presented for HDL-1.5, since it was not possible
to isolate the material in the course of this work.
As discussed by Bjorklund and Katz,?? iutercou-
parison of results obtained on other lipoproteins
1solated by other techniques is not warranted.

TasBLE 11
MorEcuLaR PARAMETERS FOR HDL-2 axp HDL-3
HDI.-2 HDL 3
S20.w 5.45 4.65H
@ 0.905 0.867
fifo 1.187 1.126
b/a 4.1 3.2
Mol. wt. 4.0 X 108 1.75 X 107

Dimensions (assuiing prolate
ellipsoid), A.
B
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