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Thermal Transitions and Stability of Fatty Acid-Containing and
Defatted Bovine Serum Albumin (BSA)

Michiko Kodama, Shinji Takebayashi, Shun-ichi Kidokoro* and Hatsuho Uedaira**

(Received June 29, 1992)

The thermal denaturation (N-D transition) of fatty acid-containing and defatted (fatty acid-free)

bovine serum albumin (BSA) at pH 7.00 was investigated by differential scanning microcalorimetry.

The enthalpy change (AH,) associated with the thermal transition from the native to the denatured

state for the fatty acid-free BSA was about 30% lower than that for the farty acid-containing BSA.

The calorimetric data of two BSA’s were analyzed on the basis of a double deconvolution method

proposed by S.Kidokoro et.al.(Biopolymers 26,231(1987)).

By this method. the thermal transition of

the defatted BSA was analyzed to be a three-state transition, while the thermal transition of the fatty

acid-containing BSA was estimated to be a four-state transition, corresponding to a three-domain

structural model for this protein.
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of bovine serum albumin
(BSA). The BSA molecule is composed of three
(LILand III) domains, seventcen S-S- bondings (8)
and ecighteen o -helical structures (—). The diagram

Fig.1 Three-domain model

was constructed by referring "K.Aoki, T.Takagi, H.
Terada (Eds.), Serum Albumin, pp.1,38, Kodansha
(1984)".
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Fig.2 Gel filtration of fatty acid-containing BSA. The BSA
was separated on a Sephadex S-200HR in phosphtate
buffer solution. The fraction volume was 4 ml.

Fractions were analyzed by their absorbances at 280

nm.
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Fig.3 Electrophoretic analysis of the fractions A,B,C,D.E,
and F of fatty acid-containing BSA obtained by the
gel filtration shown in Fig.2.
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Fig.4 Excess heat capacity (ACP) versus temperature (7)
curves of fatty acid-containing BSA (a) and defatted
BSA (b) at pH 7.00.
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Fig.5 Schematic diagram explaining the correlation of
excess enthalpy function AH(T), enthalpy function
of native state Hy(T), and enthalpy function of heat
denatured state Hy(T). Hy(T) and AH(T) are plotied
as the excess values from H\(T). T, and T, are
initial and final temperatures of thermal denaturation
(N-D transition),respectively.
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Fig.6 Excess enthlpy function AH(T), enthalpy function of
native state Hy(D), heat
denatured state Hy(7) for fatty acid-containing BSA
(a) and defatted BSA (b) at pH 7.00. Hypothetical

state

enthalpy function of

excess enthalpy function of intermediate
AHNP(T) is obtained by the double deconvolution
analysis'®. AH(T), Hy(T), and AH™(T) arc plotted
as the excess values from H (7). Enthalpy functions
of two intermediate states, H(T) and H(T), are
assumed for fatty acid-containing BSA(a), and
enthalpy function of one intermediate state H, for

defatted BSA (b).
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Fig.7 Molar fraction functions of native, hcat denatured,
and intermediate states, f{7), fo(T), and f(T) for
fatty acid-containing BSA (a) and defatted BSA (b).
AT of faity acid-containing BSA (a) is analyzed
into two molar fraction functions of intermediate
states 1 and 2, f,(T) and f,,(T).

Table 1 Calorimetric enthalpy change (AH_) and van’t
Hoff enthalpy (AH,;) at midpoint temperature
(Tm) associated with thermal transition of native
to denatured states for fatty acid-containing and
defatted BSA’s.

fatty acid-containing  defatted
BSA BSA
T, /K 3320 3289
H, / K - mol’ 990 590
AHV“ / kJ - mol? 260 323
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Table 2 Thermodynamic functions for fatty acid-containing
and defatted BSA’s. *Tyy,, Typ and Ty, are the
temperatures at which AGy,, AGy, and AGy,
given by equation d/dT(A Gy(T)/T)= AH(T)/T*
(i=[1,12 or D) are equal to zero,respectively.

# 8

fatty acid-containing defatted
BSA BSA
Tan / K 325.37£0.93 326.54£0.66
AHy, / kI - mol? 227+22 250+17
ASyy / - K' - mol’ 69765 T67£52
T / K 329.23+0.12
AHy, / kI + mol? 598+19
ASyp / 1+ K+ molt 1817459
Tw / K 331.81%0.16 328.08+0.15
AHyy / kJ - mol? 989.9+5.2 586.14.0
ASyp / T+ K' - mol? 2983£16 1786+12
AC, / kI - K' - mol? 39.5£0.5 40.020.6
m N state
b
m I, state
U
% 1, state
W D state

Fig.8 Schematic diagram of the process of thermal
transition for fatty acid-containing BSA. The diagram
was constructed by considering a four (N, I;, I, and
D)-state model obtained by the double deconvolution
analysis’” and a three-domain model® shown in

Fig.1.
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