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Abstract

A zonal ultracentrifuge was used to iso-
late the heat-induced complexes of B-
lactoglobulin and «-casein. The complexes
formed at 80 C in sodium cacodylate buf-
fer, pH 6.65, ionic strength 0.08, varied in
size and composition, but moved as a
single band in starch-gel electrophoresis.
The maximum ratio in the complex was
estimated to be 3 B-lactoglobulin:1 k-casein.
When a 1:1 mixture was heated at 110 C
the major eomponent banded in 6.9% su-
crose, had a sedimentation coefficient of
2.35, and moved as a single band in starch
gel. At 140 C, x-casein was degraded ex-
tensively, and no complex could be de-
tected. The complex formed at 90 C from
a 1:1 mixture in a synthetic serum con-
taining calecium had a sedimentation co-
efficient of 39. For other mixtures in the
presence of caleium the unreacted proteins
could not be quantitatively separated from
the complex. Zonal ultracentrifugation of
heated skimmilk and colloidal ecaleium
phosphate free milk failed to show a
discrete complex peak.

Formation of a heat-induced complex be-
tween pB-lactoglobulin and a-casein was sug-
gested by McGugan et al. (11), and other re-
searchers, using moving-boundary electrophore-
sis (19, 24), zone electrophoresis (4, 5, 6, 16),
polarization of fluorescence (12), and light
scattering (9), have shown that a reaction
oceurs between B-lactoglobulin and «k-casein. The
possible influence of such a complex on the
heat stability of skimmilk (17, 18, 21) led us
to study this protein interaction more fully.

Our paper reports work with the zonal ultra-
centrifugation technique of Anderson (1, 2).
The objective was to isolate the complex and
to calculate the complexing ratio of the two
proteins involved. Some results for skimmilk
are also given.

Materials and Methods
«-Casein was prepared according to Zittle
and Custer (23) and purified by the Sepha-

Received for publication September 24, 1968.
! N.R.C.C. no. 10549,

139

dex method of Yaguchi et al. (22). B-Lacto-
globulin (N.B. Co., 3 X) was used without
further purification. Solutions of B-lactoglob-
ulin or x-casein, and mixtures of the two pro-
teins, were prepared in 0.02 M sodium cacody-
late buffer, pH 6.65, ionic strength 0.08 (with
Na(Cl), or in Jenness and Koops synthetic se-
rum (7), pH 6.65. Protein eoncentration in
the solution was usually 0.59. Samples were
deaerated at room temperature for 5 min and
the vacuum broken with nitrogen, then heated
in a thermostated water bath at 80 or 90 C
for 10 min, or in sealed glass tubes in an oil
bath at 110 or 140 C for 10 min.

A Beckman model ZU zonal ultracentrifuge
with a B-IV rotor (3) was used. Sucrose solu-
tions for the gradients were prepared with the
same buffer as the sample. Conditions of zonal
ultracentrifugation are indicated in the figure
captions.

Twenty-milliliter fractions were collected
manually from the rotor after centrifugation
and the absorbance at 280 mu determined. The
relative protein content of each zone was then
estimated from the areas under the zonal
profile without allowance for differences in
specific absorption. The fractions were clear,
or very slightly opalescent, and a base-line
correction was applied only for the absorption
of the stock sucrose solutions. The gradient
was determined with a hand refractometer cali-
brated in per cent sucrose.

Combined fractions were dialyzed for 24 hr
against running tap water, followed by an ad-
ditional 24 hr against distilled water, then con-
centrated by wultrafiltration (20), adjusted to
pH 7.0, with 0.1 ¥ HCl, and freeze dried. Urea
starch gel electrophoresis, with or without 2-
mercaptoethanol, was done as reported else-
where (15).

Aliquots of the test solutions were also ana-
lyzed by a Model E ultracentrifuge and the
sedimentation coefficients (Sx) calculated ac-
cording to standard proecedures.

Results

B-Lactoglobulin and x-casein in sodium caco-
dylate buffer heated at 80 C, 10 min. The
ultracentrifuge profiles for B-lactoglobulin and
x-casein, not heated and heated individually



140

0.7~

0.51}-

04

J
L]
|
|

ABSORBANCE 28Umu

021 o

ojf

Fig. 1. Sedimentation profile of B-lactoglobu-
lin ————, and k-easein ————, in sodium ecaco-
dylate buffer, pH 6.65, unheated (O, and heated
at 80 C, 10 min ®. A 25-ml sample was intro-
duced above a 1,200 ml, 5 to 209 suecrose gradient
with a cushion of 309% sucrose. The sample was
overlaid with 200 ml of sodium ecacodylate buffer
pH 6.65 and centrifuged at 40,000 rpm for three
hours at 5 C.
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F1¢. 2. Sedimentation profile of various mix-
tures of p-lactoglobulin and k-casein heated at
80 C, 10 min in sodium ecacodylate buffer, pH

6.65: Ratio of B-lactoglobulin to k-casein in ini-
tial mixture: 1:1 ——— 3:1 ... , 4:1
—————. Zonal ultracentrifugation conditions

were the same as in Fig. 1.

L e

Fig. 3. Starch-gel electrophoretic patterns. A, without and B with 2-mercaptoethanol, of 1, unheated
k-casein, 2, x-casein heated at 80 C, 10 min, 3, unheated B-lactoglobulin; 4, B-lactoglobulin heated at
80 C, 10 min, 5, S-lactoglobulin-x-casein ecomplex from the heated 1:1 mixture (of Fig. 2).
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at 80 C for 10 min (Fig. 1) showed that both
the nonheated and heated samples of B-lacto-
globulin and of «-casein banded in 4.5 and
6.59% sucrose, respectively. Heated mixtures
of B-lactoglobulin and «-casein (Fig. 2) banded
into two groups of peaks. The light fractions
banded in 49 sucrose, and the heavier com-
ponents banded in 9.5, 11.5, or 16.59, sucrose,
depending wupon the p-lactoglobulin :k-casein
ratio in the initial mixture. Starch-gel electro-
phoresis of the light fraction showed that it
consisted of uncomplexed B-lactoglobulin. The
heavier components each moved in urea starch
gel as a single zone (Fig. 3, A5), but in a gel
containing 2-mercaptoethanol these components
dissociated into zones corresponding to B-lacto-
globulin and «x-casein (Fig. 3, B5), indicating
that these components were heat-induced com-
plexes.

The ratio of B-lactoglobulin to k-casein in
the complexes was caleulated from the amounts
present Initially, minus the residual B-lacto-
globulin. Data thus obtained indicated that all
the B-lactoglobulin was complexed in mixtures
containing up to 1.6 B-lactoglobulin:1 «-casein.
Solutions containing higher ratios of B-lacto-
globulin to «k-casein contained residual uncom-
plexed B-lactoglobulin after heating and formed
complexes in which the B-lactoglobulin :«-casein
ratios increased toward a maximum of 3:1.

B-lactoglobulin end x-casein in sodium caco-
dylate heated at 140 and 110 C, 10 min. B-Lac-
toglobulin solutions remained clear when heated
at 140 C for 10 min, and the zonal profile (Fig.
4) was similar to that of unheated B-lactoglob-
ulin (Fig. 1). «-Casein solutions remained
clear when heated but became turbid on cool-
ing. Centrifugation yielded only one com-
ponent, which banded at 3.89% sucrose (Fig.
4A), but some of the k-casein sedimented to
the rotor wall. A loss of 529, of the x-casein
was estimated from the peak area.

The zonal profiles of 1:1 mixtures of S-
lactoglobulin and «-casein heated at 140 and
110 C showed only single peaks banding in 4.3
and 6.99 sucrose, respectively (Fig. 4B). No
heavy components comparable to the complex
formed at 80 C were present. The heated mix-
tures were slightly turbid and the protein losses
to the rotor wall were 11.5 and 18.59% at 110
and 140 C, respeectively.

Starch-gel electrophoresis of B-lactoglobulin
heated at 110 C gave a zone similar to an un-
heated sample, but B-lactoglobulin heated at
140 C gave a more diffuse band that migrated
further into the gel (Fig. 5). With 2-mer-
captoethanol in the gel, both heated samples
gave zones normal for B-lactoglobulin. x-Casein

I
N\jo :
‘3 8% A 43%L 99, B 1° ‘::
20§
09
08 (oé
& 06~ o
§ os}
g oal | ,'3\
03 /[\l /ﬁ."\
0.2 ’O'I i .i\o
i /)
)R oAk
ke e W N

Tube N2 {20 ml Froctions)

F1a. 4. Sedimentation profile. A, B-lactoglobu-
lin—(Q), «-casein—@®, in sodium cacodylate buffer,
pH 6.65, heated 140 C, 10 min, B, 1:1 mixture of
B-lactoglobulin and «k-cagein heated 110 C, 10
min and 140 C, 10 min—®. Zonal ultracentrifu-
gation conditions same as Fig. 1.

heated at 110 C appeared unchanged in starch
gel (Fig. 5) but, after heating to 140 C, «-
cagein zones were very diffuse and stained
poorly.

A 1:1 B-lactoglobulin:k-casein  mixture
heated at 110 C contained only one electro-
phoretic component in the absence of 2-mer-
captoethanol (Fig. 6). When 2-mereaptoethanol
was added, this material dissociated into zones
with the mobilities of B-lactoglobulin and «-
casein. Both the supernatant and precipitate
from a mixture heated at 140 C showed only
diffuse zones, with no clear evidence that any
complex had formed (Fig. 6).

B-Lactoglobulin and xk-casein in a synthetic
serum heated 90 C, 10 min. Unheated B-lacto-
globulin and x-casein in synthetic serum banded
in 5 and 7.5% sucrose, respectively. x-Casein
heated at 90 C banded in 109 sucrose, and
heated B-lactoglobulin gave a major peak at
43.59 sucrose (Fig. 7). The zonal profile for
heated B-lactoglobulin between 15 and 43.5%
sucrose suggested that aggregates of various
sizes were formed. A heated 1:1 mixture of
B-lactoglobulin and «-casein separated in the
zonal centrifuge into two definite components:
the residual uneomplexed B-lactoglobulin band-
ing in 49, sucrose and the complex banding
in 229, sucrose (Fig. 7). Other mixtures gave
less well-defined peaks (Fig. 8): a heated 0.4:1
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Fia, 5. Starch-gel electrophoretic patterns, A, without and B with 2-mercaptoethanol. 1, 8-lactoglob-
ulin heated 110 C, 2, B-lactoglobulin heated 140 C, 3, x-casein heated 110 C, 4, supernatant of k-casein
heated 140 C, and centrifuged at 800 X g, 5, precipitate from 4.

Fia. 6. Starch-gel electrophoretic patterns of 1:1 mixture of B-lactoglobulin and k-casein, A, with-
out and B, with 2-mercaptoethanol. 1, heated at 110 C, 2, supernatant of solution heated 140 C and
centrifuged at 800 X g, 3, precipitate from 2.
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mixture contained components banding in 4, 8,
15, and 559, sucrose, whereas in a 2.3 :1 mixture
the complex peak was broad and the peak in
the curve at 369 sucrose suggested that some
of the excess B-lactoglobulin had aggregated.

The complexes formed in synthetic sernum did
not move into urea starch gels. Addition of
2-mercaptoethanol dissociated some of the ecom-
plex, but aggregated material also remained in
the slots.

Solutions of B-lactoglobulin and x-easein in
synthetic serum precipitated when heated at
110 or 140 C. Zonal ultracentrifugation studies
were, therefore, not possible.

Zonal ultracentrifugation of skimmslk. The
zonal profiles for unheated and heated (90 C,
10 min) skimmilk (Fig. 9) showed the presence
of soluble proteins and of micelles that banded
in 5 and 559 sucrose, respectively. Heafing
decreased the area of the soluble protein peak
by about 45%. No peak corresponding to a
B-lactoglobulin-k-casein complex was present,
even when supplementary «-casein had been
added to the milk before heating. The small
peak at Tube 37 was not present in all heated
samples and did not yield sufficient sample for
analysis. Nonheated and heated colloidal cal-
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Fig. 7. Sedimentation profiles of B-lactoglobu-
lin and x-casein solutions in synthetic serum. 1,
unheated 1:1 mixture; 2, heated x-casein 90 C,
10 min, 3, heated B-lactoglobulin 90 C, 10 min, 4,
heated 1:1 mixture. A 25-ml sample (1%) was
introdueed above a 500-ml, 5 to 309% and 500 ml,
30 to 609 sucrose gradient with a 609% sucrose
cushion. 'The sample was overlaid with 200 ml of
serum and eentrifuged at 35,000 rpm for three
hours at 5 C.
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Fic. 8. Sedimentation profiles of mixtures of
B-lactoglobulin and k-easein in synthetic serum
heated 90 C, 10 min. Ratio of B-lactoglobulin:«-
cagein in initial mixture: 1, 0.4:1, 2, 2.3:1. A
25-ml sample was introduced above 1,200 ml of
5-309% sucrose gradient with a 60% sucrose cush-
ion. The sample was overlaid with 200 ml of
serum and centrifuged at 35,000 rpm for three
hours at 5 C.

—o
SKIMMILK o
20
~30 &2
w
g
40 g
a
3
50
" o
3 60
]
o~ L0
L
©
-4
<<
m
o
o
@ 05
@ o
N
! [ | | I ] i
10 20 30 40 50 60 70 80
Tube N2 (20ml Fractions}
F1c¢. 9. Sedimentation profile of skimmilk: not
heated, , heated 90 C, 10 min, ——---,

Zonal ultracentrifugation conditions same as Fig.
7.
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TasLE 1. Sedimentation coefficients of B-lactoglobulin-x-casein and the components of heated mix-
tures.
Na eacodylate buffer Synthetic serum
Heated 10 mi Heated
Not m Not  90C
Samples heated 80C 110C 140 C heated 10 min
(8z0) (Se0)
B-Lactoglobulin 2.0 3.3 3.3 3.3 3.05 130*
x-Casein 14.6 18.5 13.7 18.5 16.5 36.0
B-Lactoglobulin-g-cagein Complex
Mixtures: 0.3: 21.4
1:1 26.8 2.35 1.36 39.0
3:1 28.3
4:1 40.7

* Component of Fig. 7.

cium phosphate free milks [Jenness et al. (8)
procedure] gave profiles with only a single peak
at about 49, sucrose.

Sedimentation coeflicients (Sw»). The sedi-
mentation coefficients (Table 1) of the com-
ponents identified as B-lactoglobulin-x-casein
complexes varied from 20 to 40 S, depending
primarily on the proportion of B-lactoglobulin
complexed per unit of x-casein. Temperatures
of 110 and 140 C apparently caused degrada-
tion of «-casein, and even the component formed
at 110 C in cacodylate buffer had an S value
below that of B-lactoglobulin heated alone.

Discussion

It was possible by zonal ultracentrifugation
to isolate the heat-induced complex of B-lacto-
globulin and «-casein from heated mixtures of
these two proteins in sodium cacodylate buffer.
In starch gel the complex moved as a single
zone, but it was dissociated by 2-mercaptoeth-
anol into zones corresponding to B-lactoglobulin
and x-casein. When the initial reaction mixture
contained pB-lactoglobulin and x-casein in ra-
tios mp to 1.6:1, all the B-lactoglobulin was
complexed. At higher initial ratios of B-lacto-
globulin to «-casein the maximum ratio in the
complex approached 3:1. These results are
in reasonable agreement with those of Long
et al. (10), who obtained a maximum interac-
tion ratio of 2.2:1 at 85 C for 20 min. The
size of the complex, as judged from either
gradient centrifugation or from a determination
of the sedimentation coefficient, was related to
the proportion of A-lactoglobulin in the mix-
ture. The sedimentation coefficient values of
21.4-40.7 S reported in this paper agree with
the range 25-48 S reporfed by others (10, 24).

There was no unequivocal evidence that a
complex formed in pB-lactoglobulin-x-casein
mixtures heated in cacodylate buffer at either
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110 or 140 C. The major effect of these tem-
peratures was apparently a degradation of
x-casein.

In artificial milk serum, bhoth B-lactoglobulin
and «-casein aggregated when heated at 90 C,
10 min, but the effect was most marked for
B-lactoglobulin, which formed a component
banding in 43.59% sucrose (130 S). The heat-
induced complex could be separated only from
a 1:1 mixture of B-lactoglobulin and «-casein;
this was interpreted as being the ratio at
which neither of the two proteins was present
in excess. In other mixtures, the overlapping
of the aggregated and nonaggregated protein
peaks prevented an aceurate interpretation of
the zonal profile.

The zornal profiles of heated skim and col-
loidal caletum-phosphate free milk gave no
evidence of a 25-48 S component. Morr et al.
(13) detected a 48 S polydispersed component
in oxalate solubilized casein micelles, and sug-
gested that it was the heat-induced complex.
However, dissociating the oxalate solubilized
miecelles further, by making the solution 6.6 M
with urea, destroyed this component (14);
therefore, it is unlikely that it was a p-lacto-
globulin-«-casein complex. In our opinion, for-
mation in milk of a complex corresponding to
that found in heated mixtures of g8-lactoglobulin
and x-casein has not been demonstrated.
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