Vol. 100, No. 1, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
May 15, 1981 Pages 191-197

CALCIUM BINDING TO &« -LACTAIBUMIN: STRUCTURAL REARRANGEMENT
AND ASSOCIATION CONSTANT EVALUATION BY MEANS OF INTRINSIC
PROTEIN FLUORESCENCE CHANGES.

Bugene A. Permyakov, Vladimir V. Yarmolenko,
Lina P. Kalinichenko, ILudmila A. Morozova and
Edward A. Burstein

Institute of Biological Physics USSR Academy of Sciences,
Pushchino, Moscow region, USSR

Received March 25,1981

The binding of one Ca2+ ion to bovinedK -lactalbumin mole~
cule causes a conformational change reflected in a decrease
of the tryptophan fluorescence guantum yield and very pronoun-
ced spectral shift towards shorter wavelengths (by ca. 15 nm).
The calcium binding congtant evaluated from the fluorimetric

EGTA~ and pH-titrations is (5-6)x108 M-1. The results obbtained
allow to suggest that the well known acid conformational change
inol~lactalbumin is due in fact to a competetive replacement
of the bound calcium ion by three H* ions (pK=5.0+0.1) in the
calcium binding site.

INTRODUCTION: Recently it has been shown that bovine o{~lact-
2+

albumin is able to bind Ca“" ions (1). Metal analysis and the

studies of the effects of EDTA on unfolding reactions have

led to a suggestion that the protein has at least two kinds

2+

of Ca™" binding sites. The success achieved in evaluation of

the Ca2+ binding properties of parvalbumin monitoring the
changes of intrinsic protein fluorescence during metal or
chelator titrations (2) has led us to an idea bto investigate
the fluorescence properties of o -lactalbumin complexed with

2+

different amounts of Ca and to try to obtain some informa-

tion concerning the calcium binding to the protein. Here we

report some results of this study.

MATERIALS AND METHODS: Bovine ~lactalbumin was prepared as
escribed in (3). e protein concentrations were evaluabted
gpectrophotometrically, using Elem,1%=20.1 at 280.4 nm ).
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Fig.1. &eft part: Titration of Ca2+-free bovine «{~lactalbumin
with Ca<*. 0.005 M Tris buffer, pH 8.04; 20°C. C, - total
calcium concentration; protein concentration 3;29.5 M.

- specbrum position (position of the middle of a chord
drawn at the B0% level of the maximal intensity); q - Lfluo-
rescence quantum yield. Flugrescence was excited at 280.4 nm.
Right part: Titration of Ca<t-loaded «-lactalbumin with calci-
um chelator EGTA. 0.005 M Tris buffer, pH 8.04; 20°C,

Pp=20.3 pl; Co=46.7 uM; Eo — EGTA concentration. A - spectrum
position; q — fluorescence quantum yield (points are experi-
mental data, curve is a theoretical best fit compubed accord-
ing to scheme (i) ).

Calcium-freed preparations of o-lactalbumin were obtained by
method of Blum et al. (5). All solubtions were made using
deionized water distilled in all-quartz apparatus. Only plastic
ware was used in this work. Total calcium content in prepa-
rations was estimated by atomic absorption spectrophotometry.
Fluorescence measurements were performed with a lab-made
spectrofluorimeter described earlier (6). All spectra were
corrected for the instrumental spectral sensitivity.
Fluorescence quanbum yield was evaluabed by comparing the

areas under fluorescence spectra of protein preparations with
those of aqueous free tryptophan solutions (quantum yield

0.2% at 20°C (7) ) with the same absorbance at the excitation
wavelength.

Fitting of the experimental data with theoretical ones was
carried out with the compuber M-4030 using a known optimization

program (8). Schwarzenbach's set of EGTA—Ca2+ binding constants
(9) was used in calculations.

RESUIPS: The left part of Fig.1 shows that the gradual titra-
tion of Ca2*—freed bovine ol=lactalbumin with 03612 at pH

8,04 causes an almost two-fold decrease in the fluorescence
quantum yield value, q, and a ca. 20 nm shift of the fluores-
cence spectrum towards shorter wavelengths which seems to

reflect some conformational changes in the protein caused by
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the Cag+ binding. The curves approach a plateau at total
calcium to protein molar ratio (CD/PO) ca, 1 which suggests
that the intrinsic protein fluorescence is sensitive to the

2+ jon to the protein molecule. The

binding of only one Ca
plot of q vs. CO/P0 consists of two strighbt-linear parts
intersecting at CO/P6~1.O. It suggests a very high Ca2+ bind~
ing constant but does not allow to estimate its value.
However, it can be evaluated from the experiment on the
titration of Caz*—loaded oA ~lactalbumin with a strong Ca2+-
chelator, EGTA (right part of Fig.1). As expected, EGTA
induces a full reversal of the fluorescence parameters of

2%_titration. Since the

ol-lactalbumin changed by the Ca
fluorescence quantum yield is a linear measure of a conversion
extent (10), the plot of q vs. EO/Po (E0 is total EGTA con-~

centration) was taken for an evaluation of the Caz+

binding
constant of L=lactalbumin, K. The curve for g vs. E%/Po in
Fig.1 is theoretical one computed according to the following

equilibrium schene:
K

Protein + Ca2+ == Protein.Ca
K “m
BGTA + Ca2t — FGTA.Ca

and fitted to the experimental points as described earlier (2).
The best fit was achieved at K=2.9x10° M| (1logK=8.540.5).

Since Caz* ions are coordinated in proteins mainly by

carboxylate and carbonyl oxigens (11) one can assume that Ca2+

binding properties of o«{~lactalbumin are independent on pH

from 6.5 to 9. On the other hand, the Ca2'

constant varies from ca. 10% el

-EGTA association
to ca. 100 11 in this pH
range (9). A significant redistribution of Ca®* between EGTA

and the protein during the pH-titration of the system conbtai-
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Fig.2., pH-titration of o~lactalbumin. Po=17.4 JaM; Co=39.9JuM;
Eg=703 p M. 0,005 M Tris; 20°C. A - spectrum pésition; g -
fluorescence quantum yield (points are experimental data,
curve in the pH region from 5.5 to is a theoretical best
fit computed according to scheme (i) ). Pluorescence was
excited at 280,4 nm.

Fig,3., pH-titration of o=lactalbumin. e-B=26 mM, C,=1.32 mM;
0-Pp=24 mM, Co=24 ml. 0.005 M Tris, 20°C. X (%urves 3 and 4) -
spectruill position; g (curves 1 and 2) -~ fluorescence quantum
yield (points are experimental dabta, curves are theoretical
best fits computed according to scheme (ii) ).

ning A-lactalbumin, Ca2+ and BEGTA can be easily monitored
by tryptophan fluorescence (Fig.2). The experimental points
in the q vs. pH plot in pH range from 6 to 9 were fitted
by theoretical curve computed according to the scheme (1).
The best fit was achived for K=6.5xﬂ08 Tuk (logK=8.8+0.5).
This value practically coincides with that obtained from the

EGTA-titration experiment at pH 8.04.

The spectral changes at acidic pH values (pH 5) in Fig.2
are very similar to those caused by the Ca2+ binding. It leads
to an agsumption that the low-pH conformational change, which
has been sbudied by many authors with various techniques
(see e.g. (12,13) ), could be caused in fact by a competition

2+

of protons and Ca ions for the same site. Fig.3 shows a

pronounced shift to lower pH wvalues of the fluorimetric pH-
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titration curves for f-~lactalbumin with an increase of the
total Ca2+ concentration. The curves q vs. pH in Fig.3 are
theoretical ones computed according to the following compe-

tition scheme:

: o+ K ;
Protein + Ca == Protein.Ca
, DK (i1)
Protein + nH® = Protein.Hn

The fitting to the experimental points was performed by
variation of n and pK values. The best fit is achieved when
n=2.9 and pK=4.9 for G =F, (curve 1) and when n=3,2 and
pK=5.1 for C =55xF, (curve 2). This result may suggest the
existence of three carboxyl groups with pK ca. 5.0 in the
Ca2+-binding site of {-lactalbumin.

oot ions, commonly used as an useful tool in the study of
protein Ca2+ binding sites (14), cause the changes in the
tryptophan fluorescence of Ca2+-freed.d—lactalbumin which

are very similar to those induced by Ca2+

ions. However we
have failed to detect the intrinsic ot luminescence excited
by means of the excitation ehergy transfer from aromatic
protein chromophores to the bound Tb5+ ions. It may be a
result of a rather long distance of the metal binding site in

¢t=lactalbunin from any of tryptophan and tyrosine residues.

DISCUSSION: An analysis of the Caz+-induced changes in the

oL -lactalbumin fluorescence spectra shows that thay seem to be
caused by a conformational change in the protein molecule
which results in a transfer of some exposed tryptophan residu-
es from the protein surface to a rigid nonpolar interior of
the protein globule (10). The results of our study clearly

indicate that tryptophan fluorescence of d-lactalbumin is
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2+

very sensitive to the binding of one Ca ion to the protein

molecule. Worth to note that it may be the case that in fact

2+ ion bind to {-lactalbumin molecule but the

more than one Ca
intrinsic protein fluorescence is not sensitive to such a
binding. The value of the 032+ binding constant for «-lact-

8 1) is in the same range as those for

albunin { (3-6)x10
high affinity sites in such typical Ca2+—binding proteins

as parvalbumin (2), troponin C (15) and calmodulin (16). It

has been suggested by Kretsinger (17) that any protein which
contains an "EF-hand" (region of amino acid sequence homologous
to the EF region of carp parvalbumin) is calcium modulated.

A consideration of the amino acid sequence of bovine A-lact-
albumin (18) shows the existence of some, though non-ideal
"EF-hand"-like region between Trp 26 and Gln 54, which inclu-
des three carboxyl groups’of Asp 37. Glu 39 and Glu 43 that

2+. The region

could take part in the coordination of bound Ca
suggested by Hiraoka et al., (1) to be the Cae+ binding site
(from Thr 33 to Cys 61) is less like "EF-hand".

Although due to the high binding constant the usual
preparations of ol-lactalbumin have to be saturated with bound
Ca2+, the fact of significant changes in the protein structure
induced by the cation binding puts the problem of a reconside-
ration of many data on the physico-chemical and structural
properties of this protein. Particularly it concerns the acid
PH conformational change which may be due in fact to a

2+

competition of Ca and 3H+ ions for the same site.
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