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phenyl)-4-amino-6-nitroquinazoline in 4 ml. of 309, sulfuric
acid was added 0.05 g. of sodium nitrite and the mixture
was allowed to stir for 5 minutes at room temperature. It
was then heated under reflux for 2 hours, cooled, diluted
with water and filtered; vield 0.078 g. (789,). Recrystalli-
zation from dimethylformamide gave a tan solid, m.p.
317-318° dec.

Anal. Caled. for CiuHgN;O;: C, 53.85;
17.95. Found: C,53.6; H, 2.75; N, 18.0.

Method B.—A suspension of 0.5 g. of N-(2-cvano-4-
nitrophenyl)-4-nitrobenzamide in 10 ml. of 169 sodium hy-
droxide was treated with 20 ml. of 39, hydrogen peroxide

H, 2.6; N,
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and the mixture heated cautiously until the initial vigorous
reaction had subsided. It was then heated under reflux for
1 hour, treated with an additional 5 ml. of 39, hydrogen
peroxide, and heated again for 45 minutes. The cooled re-
action mixture was filtered and the brown solid which was
collected was stirred for 10 minutes with 5% sulfuric acid.
Filtration yielded 0.24 g. (48%,) of crude product which was
recrystallized from dimethylformamide to give a tan prod-
uct, m.p. 315-316° dec. The compound was identical with
the product obtained by method A above, as judged by a
comparison of both infrared and ultraviolet absorption
spectra.

Prixceron, N. J.
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Molecular Interactions in §-Lactoglobulin.

I. The Electrophoretic Heterogeneity of

B-Lactoglobulin Close to its Isoelectric Point

By SERGE N. TIMASHEFF AND ROBERT TOWNEND
RECEIVED SEPTEMBER 1, 1959

An electrophoretic study of 8-lactoglobulin was carried out close to its isoelectric point.
geneity observed at pH 5.3-5.6 is due primarily to the presence of the two genetic species.

It was shown that the hetero-
Calibration curves for composi-

tion analysis have been prepared and the various nomenclatures found in the literature have been reconciled in terms of the

Aschaffenburg g-lactoglobulins A and B.

Introduction

The electrophoretic heterogeneity of crystalline
preparations of B-lactoglobulin has been observed
by a number of investigators.?—® Depending on
the conditions, two, three or even four electropho-
retic components can be observed, especially if the
experiment is permitted to proceed to maximal res-
olution, which in some cases requires as long as 24
hours.® A certain amount of disagreement exists
among the various authors as to whether 3-lacto-
globulin is heterogeneous electrophoretically at any
given set of conditions, especially above its isoelec-
tric point (pH 5.1-5.3). Thus, Li® reported that,
while at the pH'’s of 5.3 and 5.6, this protein was
homogeneous, at pH 4.8 and 6.5 it resolved into
three components, the composition being different
at the two pH’s. Polis and coworkers,® working at
pH 4.8 in a 0.1 ionic strength acetate buffer, con-
cluded that B-lactoglobulin consists of two compo-
nents with mobilities of 1.9 and 3 0 X 107® cm.2/v.
sec. under those conditions. They assigned the
name of Gy-lactoglobulin to the slow component and
Be-lactoglobulin to the rapid component. Further-
more, they reported the isolation of 8;-lactoglobu-
lin in pure form and its identification as a true mo-
lecular entity. These authors, however, did not ob-
serve any heterogeneity in the pH region alkaline
to the isoelectric point, as Li had reported.? Smith-
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ies’ reported that, contrary to the findings of Li
and of Polis, this protein was heterogeneous electro-
phoretically in the pH region of 5.3-5.5 but con-
cluded that the patterns were too complicated to
determine from the composition of the protein.
Ogston and Tilley® have carried out electrophoretic
experiments as a function of temperature at pH 4.66
and correlated these with some ultracentrifuge ex-
periments, They concluded that at least part of
the heterogeneity of B-lactoglobulin observed at
that pH 1s the result of reversible association
favored by low temperature, low pH and high pro-
tein concentration. They concluded further that
the situation is complicated by the presence of prob-
ably two species of B-lactoglobulin, only one of
which is capable of associating. Working as a
function of pH, the present authors!® have found
that the association observed by Ogston and Tilley®
is limited to the pH region between 3.5 and 5.2,
thus eliminating the possibility of intermolecular
interactions as the explanation for electrophoretic
heterogeneity in the pH region below 3.5 or above
5.2.
In 1955, Aschaffenburg and Drewry,!* working
with milk obtained from individual cows, showed by
paper electrophoresis (pH 8.6, 0.05 ionic strength
veronal buffer) that 8-lactoglobulin consists of two
genetically different proteins and that furthermore
different cows may produce either one of the two
species of this protein or a mixture of the two,
These authors initially assigned the names of §;-
lactoglobulin to the rapidly migrating protein and
Be-lactoglobulin to the slowly migrating one but
later changed the nomenclature to 3-lactoglobulin A
(8-A) and B-lactoglobulin B (8-B), respectively.1?
Each one of these components, however, was still
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Fig. 1.—Tracings of electrophoretic patterns obtained
with B-lactoglobulin, Preparation [: protein conen. ca. 10
g./1.; 6.9 v./em. The starting positions are indicated by
the arrows. Polarity was reversed between pH 5.10 and
5.20.
found to be heterogeneous in electrophoresis experi-
ments at pH 4.66 by Ogston and Tombs!? as con-
firmed by Klostergaard and Pasternak,!* as well as
the present authors.’® Klostergaard and Paster-
nak, however, reversed the nomenclature of Aschaf-
fenburg and Drewry.!!

A detailed study of the heterogeneity of 3-lac-
toglobulin and its association properties in the pH
region below its zone of denaturation (pH 7.0 and
above) was undertaken in this Laboratory and the
results of these studies are reported in the present
series of papers. Since, in order to understand
fully the behavior of this system, it was necessary
to be able to analyze individual B-lactoglobulin
preparations into true electrophoretic components,
a thorough electrophoretic investigation of this pro-
tein was carried out in the region close to its isoelec-
tric point. Itis the purpose of the present paper to
describe this work, as well as to attempt to disen-
tangle the presently existing confusion on the no-
menclature used with respect to various p-lacto-
globulin components.

Experimental

Materials.—8-Lactoglobulin samples used in these studies
were a commercial preparation obtained from Pentex Lab-
oratories (referred to as Preparation I) and material given
to us by Dr. W. G. Gordon, who prepared it from pooled
milk by ammonium sulfate precipitation followed by repeated
recrystallizations from distilled water! (referred to as Prep-
aration II).

The partially fractionated material used was the ‘8-
enriched’’ material of Polis and co-workerss (containing 759,
of their Bz-lactoglobulin).

The pure 8-A and $8-B were samples prepared by Dr. R.
Aschaffenburg according to his procedure!” and kindly given
by him to us.

(13) A. G. Ogston and M. P. Tombs, Biockem. J., 66, 399 (1957).

(14) H. Klostergaard and R. A. Pasternak, TH1s JoUrNAL, 79, 5671
(1937).

(15) S. N. Timasheff and R. E. Townend, 7bid., 80, 4433 (1958).

(16) A. H. Palmer, J. Biol. Chem., 104, 359 (1934).

(17) R. Aschaffenburg and J. Drewry, Biochem. J., 66, 273 (1957).

SERGE N. TIMASHEFF AND ROBERT TOWNEND

Vol. 82

Electrophoresis.—The electrophoresis experiments on
Preparation I were carried out in a Klett!s Tiselius electro-
phoresis apparatus at 2°. Those on all other protein sam-
ples were carried out in a Perkin—Elnier!® apparatus, Model
384, at 0°. The mobilities and area distributions were
nieasured from enlarged projected tracings. All mobilities
were calculated from the descending boundaries.

Results

The electrophoretic patterns of B-lactoglobulin
(Preparation I) shown in Fig. 1, were obtained at a
series of pH's close to the isoelectric point in acetate
buffers'® of 0.1 ionic strength. It can be seen that
an increase in pH causes a4 change from very “‘ab-
normal”’ patterns to ones which could be given by a
two-component system. At pH 4.79, two broad
peaks of approximately equal area are found on the
descending side, while on the rising side there is a
hypersharp leading boundary with a small trailing
shoulder. Such a pattern has been attributed by
Ogston and Tilley® to the association of 8-lactoglob-
ulin at this pH. At the pH’s of 5.10 and 5.20,
the patterns are again highly non-enantiographic
with as many as three ‘‘components’’ being detect-
able. In this pH region a small amount of associa-
tion is probably still present at low temperatures.'?
At pH’s 5.30, 5.60 and 6.04, two-component dia-
grams of more normal appearance are obtained.
Since intermolecular interactions occur below pH
5.2,920 and above pH 6.04 heterogeneity is evi-
denced only by a strong skewness of the boundar-
ies, the pH’s selected for analytical purposes were
5.3 and 5.6, 0.1 ionic strength acetate.

A series of electrophoretic experiments were
carried out on Preparation II as a function of con-
centration at pH 5.60. The patterns obtained
were analyzed as two-component systems. The
mobilities, extrapolated to zero protein concentra-
tion, were —1.87 X 1075 and —1.55 X 107 cm.?/
sec. v. The mobilities at a protein concentration of
10 g./1. were —1.77 X 107% and —1.38 X 1073
cm.?/sec. v. The area analyses, however, led to
different compositions in the rising and descending
channels even on extrapolation to zero protein
concentration. Analysis of the Aschaffenburg 8-A
and 8-B at identical conditions resulted in mobili-
ties of —1.67 X 107% and —1.46 X 10~® cm.?/sec.
v., respectively, at a protein concentration of 10 g./
1.

Examination of the electrophoretic patterns ob-
tained with the 8-lactoglobulins at identical concen-
trations, shown in Fig. 2¢c, revealed that while SA
produces sharp, almost symmetrical peaks in both
channels at pH 5.60, 8B shows definite skewing to-
ward the rapid side in the descending limb. Super-
position and addition of the two descending patterns
results in an apparent composition highly enriched
with respect to fast component (Fig. 2¢), and quite
similar to that given by a 1:1 mixture of the two
proteins (Fig. 2b). However, the sum of the pat-
terns on the rising side does not quite equal that of
the mixture. This might indicate some sort of in-
teraction between the proteins, causing a change in
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Fig. 2.—Tracings of electrophoretic patterns obtained
with B-lactoglobulins in pH 5.6 acetate buffer of 0.1 ionic
strength; 300 min.; 10 v./cm.; protein conen.: 10 g./1.
The starting positions are indicated by the arrows: (a)
pooled B-lactoglobulin, Prepn. II; (b) 1:1 mixture of 8-A
and 8-B; (c) B-A and 38-B, superposition of patterns.

the rising mobility of one when the other is present.

Similar experiments were carried out in pH 5.30
acetate buffer of 0.1 ionic strength. The results
are shown in Fig. 3. The patterns obtained with 8-
A display a small amount of skewness in the for-
ward direction on the descending side. Those for
B-B resolve into two ‘‘components’” on each side.
On the descending side the bulk of the 8-B migrates
with a mobility of —0.12 X 107 cm.%/sec. v.,
while ca. 309, of the material under the boundary
has a mobility of —0.44 X 107% The situation is
reversed on the rising side. Examination of ten
samples of 3-B obtained from the milk of individual
B-B producing cows of various breeds showed that
all behaved in an identical manner.?! Direct
sampling experiments definitely showed that reso-
lution into two peaks does not represent true mo-
lecular heterogeneity?? but that it is rather due to
some other factors, such as an isomerization similar
to that reported by Aoki and Foster?® for serum al-
bumin or an interaction with buffer components as
found by Cann.?* A detailed study of this behavior
has been undertaken and will be reported on later.

The presence of these minor ‘‘components’” com-
plicates the analysis of the protein from pooled
milk, since neither the rising nor the descending
limb shows patterns corresponding to actual compo-
sition (Figs. 2 and 3).

In order to circumvent this difficulty in analysis,
it is possible to construct a calibration graph®%
of area distribution against known composition. A
series of electrophoretic runs on synthetic mixtures
of B-lactoglobulins A and B was carried out at pH's
5.30 and 5.60 in a 0.1 ionic strength acetate buffer.
The total protein concentration was 10 g./1. in the
experiments done at pH 5.60, and 6-7 g./1. in the
case of the pH 5.30 runs. The results of the area

(21) This is part of a study on the genetic characterization of dairy
cows now being carried out jointly with Drs. N. D. Bayley, R. D.
Plowman and C. A. Kiddy of the Dairy Cattle Research Branch, U. S.
D. A.
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(25) L. Pauling, H. A, Ttano, S. J. Singer and I. C. Wells, Science,
110, 543 (1949).
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Fig. 3.—Tracings of electrophoretic patterns obtained
with B-lactoglobulins in pH 5.3 acetate buffer of 0.1 ionic
strength; 420 min.; 10 v./cm.; protein concn.: 10 g./L.
The starting positions are indicated by the arrows: (a)
pooled B-lactoglobulin, Prepn. IT; (b) 1:1 mixture of 8-A and
B8-B; (c) 8-A and 8-B, superposition of patterns.

analyses of both sets of rising and decending patterns
are plotted as a function of the known composition
in Fig. 4. It can be seen that none of the four area
distribution curves correspond to the true compo-
sition of the mixture. However, the experimental
curves presented in Fig. 4 can be used as standards
for the analysis of a B-lactoglobulin preparation.
For this purpose, any given sample of 3-lactoglobu-
lin is analyzed electrophoretically at pH 5.30 and
5.60 in a 0.1 ionic strength acetate buffer at the
proper protein concentration at the same field
strength and for the same length of time as the
standard experiments. Area analyses of the two
sets of rising and descending boundaries, when com-
pared with the standard curve, given in Fig. 4,
should result in identical compositions.

% .

T 1 T

74
l'/

80—

60—

AREA OF
SLOW COMPONENT IN ELECTROPHORESIS,
IS
o
T

20~

o] 20 40 60 80 100
B-LACTOGLOBULIN B, %.

Fig. 4.—Standard calibration curves for B-lactoglobulin
compositions: —, pH 5.6; ,
ideal area distribution (slope = 1); O, rising patterns; @,
descending patterns. The analyses were carried out as de-
scribed in the text and in Table I.

Such analyses have been carried out with Prep-
aration II and the Polis ‘‘Bs-enriched” protein.
The results are given in Table I. It can be seen
that in both cases good agreement between the four
deduced analyses has been obtained. Thus, pooled
B-lactoglobulin (Preparation II) contains ca. 599,
B-A and 419, 8-B, while the Polis ‘‘B-enriched”
material contains ca. 779% B-A and 239, 3-B.
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TABLE I
AREA-COMPOSITION DATA FOR 8-LACTOGLOBULIN SAMPLES

e pHL 5, 3

Pooled B-lactoglobulin De. pH 5.6- -
(prep. II) Rising  scending Rising Descending
¢ Area slow* 428 23.9 51.3 23 6
7. 8-lactoglobulin B® 38.3 45.5 39.2 40.3

Av. 40.8+=2.8

Polis ""8,-enriched’”
% Arca slow® 26.1 13.0 32.2 12.2
1, 8.lactoglobulin B>  23.0 25.7 23.8 21.0
Av. 23.4=+1.7
@ Measured planimetrically on electrophoretic diagramse
It was found that the most consistent results were obtained
if the area analvses were carried out in the following manner.
pH 5.3, descending: construction of symmetrical slow peak
by projection of its trailing edge across a perpendicular
dropped from the apex and construction of rapid ‘‘compo-
nent’’ by subtraction of the slow peak; rising: similar proce-
dure, with projection of rapid moving peak. pH 5.6, de-
scending: procedure identical with pH 5.3 descending; ris-
ing: area divided into two portions by dropping perpen-
dicular from minimuni between the two peaks. ? Deduced
from Fig. 4.

Electrophoretic analyses were also carried out
in pH 8.6 veronal buffer of 0.1 ionic strength. The
results presented in the last column of Table II
show that B-lactoglobulin A is the faster moving
protein under those conditions in Tiselius electro-
phoresis as well as in paper electrophoresis.!! Pooled
milk B-lactoglobulin did not resolve into conipo-
nents at this pH but gave a mobility slightly below
that of 3-A. This difference in mobilities, however,
is within experimental error.

TaBLE I1

ELECTROPHORETIC MOBILITIES OF VARIOUS 3 LACTOGLOB-
TLIN PREPARATIONS
Mobility X 103, gm.?/sec.—v.

p——

Protein pH ~—~——530 ——  5.66 8.6 b
Preparation II —0.63 —0.22 —-1.77 —1.38 -—-5.31
Polis "’Bs-enriched”’ — .80¢° — .3y5¢ —1.81 —1.30 .
B-l.actoglobulin A - .63 ... —1.67 —5.34
B-Lactoglobulin B (— .44) — .12 —1.46 —5.19

e 10 g./l. protein solutions in 0.1 ionic strength acetate
buffer. *10 g./l. protein solutions in 0.1 barbital buffer.
cpH = 5.35.

Discussion

B-Lactoglobulin has been found in the present
study to be heterogeneous electrophoretically in the
entire pH range between 4.79 and 6.04. These re-
sults are in good agreement with various previous
reports on the heterogeneity of this protein.®—®
The previous disagreement between Li* and Polis
and co-workers,5 on one hand, and Sniithies,” on the
other, on the heterogeneity of 8-lactoglobulin in the
pH region of 5.3 to 5.6 could possibly be due to the
fact that nnder these conditions it is necessary to
carry out the runs for long durations in order to ob-
serve heterogeneity. In shorter runs, the patterns
obtained do not show any resolution into ‘“com-
ponents,”’ nor even any pronounced skewing.

Below pH 5.3, the interpretation of the patterns
becomes complicated by the appearance of as
many as three or four peaks, if the runs are ex-
tended sufficiently long (20-24 hr.).® Between pH
5.3 and 5.6, however, the observed heterogeneity
manifests the presence of real molecular compo-
nents and, at these conditions, true composition
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analysis can be carried out with the use of standard
reference area-composition curves. This method of
analysis leads to the true contposition of a given 8-
lactoglobulin sample in terms of the Aschaffenburg
B-lactoglobulins A and B.!%12 It has been adopted,
therefore, in the present study on tle association of
B-lactoglobulins of various composition, and, as will
be shown in the next two papers, leads to good
agreement between electrophoretic, ultracentrifu-
gal and light scattering experiments.

The electrophoretic patterns of the individual
Aschaffenburg components of B-lactoglobulin are
much simpler than those of the pooled protein but
still exhibit characteristics of non homogeneity in
the pH region close to the isoelectric point. Both
genetic components exhibit electrophoretic hetero-
geneity in acetate buffer at pH 4.65—4.80. In the
case of 8-A, this is due to molecular association.5.20.27
In 3-B the reasons for skewness of the pattern are
not clear at the present timne, but it is known from
ultracentrifuge measurements?® that it is not a result
of association processes. In the pH region of 5.3-
5.0, B-A seems to be essentially electrophoretically
homogeneous, in contrast with §8-B (see Figs. 2 and
3), which exhibits two peaks. It should be noted
that Tombs® has reported from solubility studies
that 3-A consists of 909 of a principal component
and 109 of a minor component and that §-B also
seems to exhibit some heterogeneity.?® Since the
apparent heterogeneity of the genetic components
is constant from sample to sample,!>*"*" analysis of
B-lactoglobulin preparations into 8-A and 8-B can
be effected by methods such as shown in Fig. 4.

The difference in mobilities of the two genetic
components of g-lactoglobulin at pH 5.3 and 5.6
(Table 1I) would correspond to a difference of 1-2
charges per molecule of 36,000 molecular weight,
with B8-A being the more negatively charged pro-
tein. A similar charge difference could be inferred
from the reported isoelectric points of the two pro-
teins.!* These estimates are in reasonable agree-
ment with the findings of Tanford® who has estab-
lished from titration data that 8-A has two more
carboxyl groups than 8-B per molecule of 36,000
molecular weight.

It becomes possible now to establish the mutual
identity of the various B-lactoglobulins mentioned
in the literature, using the mobility criteria given in
Table III. One complication arises in the identifi-
cation of the material which Polis and co-workers
had isolated and namied pB;-lactoglobulin® This
inaterial was found to be electrophoretically homo-
geneous at pH 4.8, At that pH B-A exhibits a
strongly ‘‘heterogeneous’ pattern due to associa-
tion, while 8-B gives only a skewed peak.’® At pH
8.4, however, Polis and co-workers reported that
their 8;-lactoglobulin had a more negative mobility
than whole B-lactoglobulin. Since, in that pH re-
gion, B-A has a more negative mobility than 8-B (see
Table IT), the Polis 3, protein can be related only to
B-lactoglobulin A by this criterion. However, the
electrophoretic homogeneity of the Polis 8; protein

(27) S. N. Timasheff and R. E. Townend, Ahstracts, IV Interna-
tional Congress of Biochemistry, Vienna, Sept. 1958, p. 25.

(28) M. P. Tombs, Biochem. J., 67, 517 (1957).

(29) M. P. Tombs, ibid., 69, 491 (1958).

(30) C. Tanford and Y. Nozaki, J. Biol. Chem., 234, 2874 (1939).
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TABLE III

LITERATURE NAMES AND CHARACTERISTICS OF B-LACTo-
GLOBULIN COMPONENTS

Authors Component names Ref.
Aschaffenburg and Drewry A B 12
Aschaffenburg and Drewry 1 2 11
Ogston and Tombs 1 2 13
Klostergaard and Pasternak 24 14 14
Polis and co-workers 1,2 ()® 2(3)? 5
Townend and Timasheff Fast Slow 20

pH Relative mobility
8.6, Tiselius electrophor, Fast Slow This paper
5.6, Tiselius electrophor. Fast Slow This paper
5.3, Tiselius electrophor, Fast Slow This paper
4,654 .8, Tiselius electrophor. Slowest and  Inter- 15
fastest mediate
8.6, Paper electrophor. Fast Slow 11

@ Based on electrophoretic data, ?The ‘‘By-enriched’’
protein was found to be enriched in g-lactoglobulin Aj;
By could be best identified as 109}, non-associating fraction of
B-A.

at pH 4.8 indicates that it does not associate
strongly as does the bulk of 8-A.%® Thus, it be-
comes impossible at the present time to identify
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unequivocally the components reported by Polis
and co-workers with the genetically different ma-
terials. The electrophoretic data indicate possibly
that the Polis 81 protein corresponds to the minor
(109,) component of B-A which, according to
Tombs’ postulate,® does not associate and thus
might give a “homogeneous” electrophoretic pat-
tern at pH 4.8.

Because of the confusion which exists in the lit-
erature and the above mutual identification of
various B-lactoglobulins, it is suggested that the
nomenclature of 3-lactoglobulin A and 8-lactoglobu-
lin B, as proposed by Aschaffenburg,!? be adopted
generally for the genetic species of this protein, es-
pecially since this nomenclature was chosen spe-
cifically to be consistent with generally accepted
genetic usage.?
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Molecular Interactions in B-Lactoglobulin.

II. TUltracentrifugal and Electrophoretic

Studies of the Association of 8-Lactoglobulin below its Isoelectric Point?

By ROBERT TowNEND, R. J. WINTERBOTTOM AND SERGE N. TIMASHEFF
RECEIVED SEPTEMBER 1, 1959

An ultracentrifugal and electrophoretic study of the association of 8-lactoglobulin between pH 3.5 and 5.2 has been carried

out.

Analysis of the data in terms of the Gilbert theory shows the aggregate to be greater than a dimer; trimer, tetramer

and pentamer formations are compatible with the sedimentation data, with little or no intermediate components present.
909, of B-lactoglobulin A can associate, while 8-lactoglobulin B does not form heavy aggregates when present by itself.
309, of B-lactoglobulin B can, however, form mixed aggregates with 8-lactoglobulin A,

Introduction

In the previous paper? it has been shown that
the electrophoretic heterogeneity of 8-lactoglobulin
between pH 5.3 and 6.0 can be, to a large extent,
explained in terms of the true molecular heterogen-
eity of that protein. Below this pH region, how-
ever, the observed heterogeneity has been attrib-
uted, at least in part, to the presence of intermolec-
ular interactions,* although part of the heterogen-
eity is the result of the presence of more than one
protein species in B-lactoglobulin.® As the result of
electrophoretic and ultracentrifugal experiments,
Ogston and Tilley* concluded that, around pH 4.85,
B-lactoglobulin can undergo a reversible tempera-
ture dependent association which is favored by low
pH. It has been shown by the present authors®
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that this association of 3-lactoglobulin below its iso-
electric point is restricted to the pH region be-
tween 3.5 and 5.2, with maximal association be-
tween pH 4.40 and 4.65. Furthermore, below this
pH region, B-lactoglobulin is known to dissociate
into smaller molecular units,” this latter reaction be-
coming very prominent below pH 3.5. It is the
purpose of this paper to present the results of a
systematic ultracentrifugal and electrophoretic
investigation of the association of -lactoglobulin
between pH 3.5 and 5.2. In order to avoid confu-
sion, the term monomer will be used to designate the
36,000 molecular weight species. Heavier species
will be referred to as aggregates.

Experimental

Materials.—The proteins used were preparations of 8-
lactoglobulin from pooled milk, given to us by Dr. W. G.
Gordon, referred to as Preparation II,? a sample of Polis
‘“Be-enriched’’ protein®8 given to us by Dr. T. L. McMeekin
and samples of B-lactoglobulin A (8-A) and B-lactoglobulin
B (8B)%1 given to us by Dr, R. Aschaffenburg, as well as
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