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Abstract

In order to study the reaction behavior of bovine holo- and apo- @ -lactalbumin ( @ -La) during heat treatment
at 65~100°C, the samples were analysed by first (1D)- and second-dimensional (2D) native-polyacrylamide
gel electrophoresis (Native-PAGE) and sodium dodecylsulfate (SDS)-PAGE. When holo- @ -La or apo- ¢ -La
were heated, they formed non-native, monomers, dimers and trimers. The apo- @ -La was more heat-sensitive
than holo- @ -La. The monomers seemed to have the same composition as the native « -La, but many of the

disulfide bonds could be non-native.
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INTRODUCTION

Bovine milk contains about 3.5% of protein and the pro-
tein contains about 20% of whey protein. The whey protein
of bovine milk consists of four main proteins: B-lacto-
globulin (B-Lg, 50%), « -lactalbumin ( ¢ -La, 20%), blood
serum albumin (BSA, 10%) and immunoglobulins (Ig,
10%) (1).

a -La, with about 14 kd molecular weight, is present
at concentrations ranging from 1to 1.5 g L and it consists
of 123 amino acid residues. « -La is nearly spherical and
has a highly compact, globular structure of four disulfide
bonds (2). « -La is relatively rich in tryptophan (four res-
idues per mole). It is also rich in sulfur (1.9%) which is
present in cystine and methionine; it contains no cysteine
(sulphydryl group) (3).

« -La is susceptible to heat denaturation (4). Ruegg et
al. (5) showed that ¢ -La is denatured at 65.2°C and pH
6.7, and 80 to 90% of the denaturation reversed upon cool-
ing. o-La was denatured at 62 to 63°C and was 90%
renatured at pH 6.5 (6). This high degree of renaturation
is probably due to the apparent high heat resistance attrib-
uted to @ -La (7). Chaplin and Lyster (8) reported that heat-
ing @ -La solutions to 77°C and immediate cooling resulted
in only 10% of irreversible protein denaturation. Heating
an ¢ -La solution to 95°C and holding at this temperature
for 15 min allowed only 40% of the protein to be re-
natured.

a-La is a good Ca-binding protein. Its ability to bind
Ca™ is attributed to the presence of three aspartyl groups
that are bound together in its tertiary structure (9). Ca'
ion is strongly bound by «-La in a cleft surrounded by
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three Asp residues with abnormally low pK values (10),
shown as Asn residue 82, 87, and 88 in the amino acid
sequence of a-La (11).

a -La undergoes a conformational transitions at <pH
4, which is probably due to the replacement of this tightly
bound Ca™ ion with a H™ ion at this pH (12).

The calcium-bound native ¢ -La is holo- ¢-La, while
the calcium-free ¢ -La is apo- @ -La (13).

Previous work has shown that when ¢ -La is heated
in solution, it can repeatedly undergo the same thermal
transition without forming a gel (5,14). When ¢« -La binds
less than 1 mole of calcium per mole of protein, the ther-
mal transition temperature of this apo- @ -La decreases to
about 35°C (15).

Addition of calcium ions to the apo- @ -La increases the
transition temperature to about 66°C (14). More extensive
heating (100°C for at least 10 min) in the absence of extra
calcium gives rise to disulfide-bonded « -La dimers, tri-
mers etc. as well as some altered monomeric protein (8).
Chaplin and Lyster (8) also noted that in alkaline (native)-
polyacrylamide gel electrophoresis (PAGE) the dimer had
a mobility comparable with that of the native monomer,
but in sodium dodecyl sulfate (SDS)-PAGE the dimer had
the expected mobility, i.e. lower than that of monomer.

Few results about reaction behavior of holo- ¢ -La and
apo- @ -La during the heat treatment have been reported.

¢ -La can be used in infant formulas, food fortifiers
and functional foods. Therefore, studying its physico-
chemical behavior and its properties of « -La is very im-
portant for better applications.

The objective of this study is to investigate any dif-
ferences in heat-induced changes between holo- @ -La and
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apo- ¢ -La by using electrophoretic techniques.

MATERIALS AND METHODS

Holo- o -La (L5385, Ca-bound), apo- o -La (L6010, Ca-
free), the molecular weight standards and the gel buffer
salts were obtained from Sigma Chemical Co. (St. Louis,
MO, USA). Most of the reagents used for the preparation
of electrophoresis gels were obtained from BioRad Lab-
oratories (Hercules, CA, USA). The water was purified
using a MilliQ system (Millipore Corp., Bedford, MA,
USA).

The protein concentration was adjusted to 2.0 mg mL”
using 15 mM phosphate buffer, pH 6.8. The samples were
heated at 65~ 100°C in small plastic (Eppendorf) vials for
10 min and cooled immediately in iced water.

The heated samples were analysed by one-dimensional
(1D) and two-dimensional (2D) PAGE as described by
Havea et al. (16). The 1D PAGE was either run on alkaline-
(17) or SDS-PAGE (18). After preparing the appropriate
gel, 10~20 pL samples of 0.2 mg protein/mL solutions
diluted with appropriate sample buffer, were injected irto
sample wells and then electrophoresed to separate the pro-
teins. For the alkaline 2D (second-dimensional)-PAGE, a
strip from the alkaline gel, containing the protein bands
that had been separated in a first dimensional run, was cut
and rinsed in SDS sample buffer. This strip was placed
on top of a SDS gel and run in a second dimension. For
the SDS-reduced 2D-PAGE, a strip from a SDS gel con-
taining the protein bands that had been separated in a first
dimensional run, was cut, placed in hot (94°C) solution
of SDS buffer containing 2-mercaptoethanol (5 mL/L SDS
sample buffer) for 30 s. The gel strip was rinsed with water
to remove excessive 2-mercaptoethanol, then used for a
second dimensional run on another SDS gel (16,19).

RESULTS AND DISCUSSION

Heat-induced changes of holo- ¢ -La in pH 6.8 phos-
phate buffer for 10 min at temperatures from 65 to 10C°C
were analysed using native (alkaline)- and SDS-PAGE, to
obtain the patterns shown in Figs. 1A and 1B, respectively.
As the heating temperature was increased, little change
was noted until a temperature of 80°C was reached. Between
85 and 100°C, there was a gradual decrease in the intensity
of the original band and an increase in the number and
intensities of some new bands. At the highest heating tem-
perature (100°C), there were at least three higher mobility
bands and some lower mobility bands (non-native « -_a,
Fig. 1A) in addition to the original band. Only a few new
low intensity bands of lower mobility were observed in
the SDS-PAGE patterns (bands above the SDS-dimeric « -
La, Fig. 1B). Binding to Ca"? ions stabilizes the confor-
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Fig. 1. Electrophoretic patterns of holo- ¢ -La in pH 6.8 phos-
phate buffer after 10-min heat treatment between 65 and 100°C.
(A): holo- @ -La, Native-PAGE, (B): holo- ¢ -La, SDS-PAGE.

mation of @ -La (9} and reduces its electrophoretic mobil-
ity (20). Apenten (21) reported that Ca*” binding prefer-
entially stabilizes one domain of holo- @ -La against heat-
denaturation. Cation binding to the strong calcium site in-
creases protein stability of « -La against the action of heat
and various denaturing agents (22).

When apo- ¢ -La was heated similarly, the results shown
in Figs. 2A and 2B, respectively, were obtained. 1t is clear
that the loss of native-like protein was greater for the apo
protein than for the holo protein (cf. Figs. 1A and 1B with
Figs. 2A and 2B, respectively) after heat treatment. This
result is in good agreement with other reports (8,25,22).
Also, more SDS dimers and timers were formed (Fig. 2B)
by heat treatment of the apo protein. The monomers were
likely to have the same composition as the native a-La,
but many of the disulfide bonds could be non-native.

The electrophoretic patterns show a similar behavior to
the results of Hong and Creamer (23). The metal-free pro-
tein (apo- @ -La) is denatured at quite low temperatures



50 You-Ra Lee and Youn-Ho Hong

A
MW
66000
34700 — Trimer
“ .
— Dimer
24000 | o
18400 “m - . W%’_ Native @ -La
14300 + 4 — Non native a-La

¢

20 65 70 75 80 85 90 95 100

Heating temperature(T)

®

MW
66000 | ...
45000 ~— SDS trimeric a-La
34700 :

24000} e " SDS dimeric @-La

18400

14300 L W. SDS monomeric @ -La

20 65 70 75 80 85 90 95 100
Heating temperature(T)

Fig. 2. Electrophoretic patterns of apo- @ -La in pH 6.8 phos-
phate buffer after 10-min heat treatment between 65 and 100°C.
(A): apo « -La, Native-PAGE, (B): apo «-La, SDS-PAGE.

and does not renature on cooling (3). However, the detailed
mechanisms of those behaviors are not reported.

In order to identify more clearly, the various species
observable in Figs. 1A and 2A, heated samples of holo- & -
La were examined using 2D PAGE and the results shown
in Figs. 3A and 4A obtained. The non-native «-La had
separate bands in native-PAGE system, but it appeared to
become a single band in the SDS-PAGE system.

The 2-D electrophoretic patterns of heated apo- o -La
are shown in Figs. 3B and 4B. The size of spots of holo- @ -
La from the 2D-gel was bigger than that of apo- ¢ -La.
It suggested that the holo- ¢ -La was more heat stable than
apo- @ -La. This result is consistent with the previous result
that the mobility of non-native monomers was faster than
that of native monomers (ref. Figs. 1 and 2).

The series of spots that made the high mobility stripes
in Figs. 4A and 4B, called “reduced SDS «-La” were all
reduced @ -La monomer molecules and they would all have
the same composition and structure in the SDS buffer.
The large spot at the right-hand end was monomeric prior
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Fig. 3. 2D-PAGE patterns (Native — non-reduced SDS-PAGE)
of holo- and apo- @ -La heated at 85°C for 10 min. (A): holo-
a-La, (B): apo- a -La.

to reduction and corresponded to the most mobile bands
in the sample strip at the top of Figs. 4A and 4B, labelled
“SDS ¢ -La monomers”. Moving left on the “reduced SDS
@ -La” band, the next two spots, which corresponded to
a pair of bands in the sample strip at the top of Figs. 4A
and 4B, were consequently labelled as “SDS dimeric « -
La”. It was not easy to see these bands in the vertical
1D sample pattern in Figs. 3A and B. They had similar
mobilities to that of native ¢-La in Native (alkaline)-
PAGE (Figs. 1A and 2A), confirming the earlier results
of Chaplin and Lyster (8) and Havea et al. (24). A spot
of trimers was also appeared on the middle of 2D gels.

Studies of the reversible changes in the spectral pro-
perties of the protein implicate protein conformational ch-
anges that are pH, calcium and ionic strength dependent
(7,9,15).
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