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The interrelationships between fatty acid and probe binding to bovine serum albumin
(BSA) were investigated by a fluorescence method, using 1-anilinonaphthalene-8-sulfonate
(ANS) and N-phenyl-1-naphthylamine (NPN) as fluorescent probes. The fatty acid-
induced quenching of probe fluorescence is probably due to the displacement of probes
from BSA binding sites. It appears that NPN and ANS are bound to BSA at the same
sites. Various molar ratios of capric acid, lauric acid and palmitic acid were added to
defatted BSA in the presence of ANS, and the association constants of the fatty acids were
calculated. Measurements of ANS fluorescence (Amax 465 nm) and the fluorescence (Amax
340 nm) of the ANS-BSA complex as well as the circular dichroism spectra of BSA in the
presence of fatty acids in pH 7.4 phosphate buffer indicated that fatty acids induce different
conformational states ¢f the albumin molecule.” One of the strongest binding sites of
long-chain fatty acids may be the site which is labeled by TNBS (2,4,6-trinitrobenzene-
sulfonic acid), located in the carboxyl-terminal half of the molecule, which does not contain
tryptophan residues. It is suggested that the mechanism of inhibition of the probe-BSA
binding by capric acid may involve competition for the same binding sites. In contrast,
the decreases in probe binding with BSA in the presence of lauric acid. palmitic acid or
stearic acid are due not only to a displacement of the probes by fatty acids from the probe-
binding sites but also to a simultaneous conformational change of the probe-binding sites
caused by the interaction of the probes and fatty acids.
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A major physiological function of albumin is to transport both endogenous (e.g. bilirubin,
tryptophan, hemin, and fatty acids) and exogenous (e.g. certain drugs and dyes) substances
in the plasma. Many studies on the binding of these substances to plasma albumin have
been reported.® A review of the available information on fatty acid binding to plasma
albumin has been published by Spector.# The effect of free fatty acids on the binding of
various drugs to albumin is a subject of continuing interest® because of the serious clinical
implications.® In a previous report we have also described the competitive inhibition of the
binding of thiopental or chlorpropamide to serum albumin by lauric acid.” Santos and

Part VI: S. Ozeki and K. Tejima, Chem. Phavm. Bull., 27, 1564 (1979).

Location: a) Sakawue-cho, Seto, 489, Japan; b) Tanabe-dori, Mizuho-ku, Nagoya, 467, Japan.

M.C. Meyer and D.E. Guttman, J. Pharm. Sci., 57, 895 (1968).

A.A. Spector, J. Lipid Res., 16, 165 (1975).

a) D. Rudman, T.J. Bixler II and A.E. Del Rio, J. Pharmacol. Exp. Ther., 176, 261 (1971); ) E.C.

Santos and A.A. Spector, Mol. Pharmacol., 10, 519 (1974); ¢) S.K. Chkrabarti, R. Laliberte, and J.

Brodeur, Biochem. Pharmacol., 25, 2515 (1976); d) G. Wilding, R.C. Feldhoff, and E.S. Vesell, ibid.,

26, 1143 (1977); e) G.E. Cogin and B.D. Davis, J. 4Am. Chem. Soc., 73, 3135 (1951); f) A.A. Spector,

E.C. Santos, J.D. Ashbrook, and J.E. Fletcher, Ann. N.Y. Acad. Sci., 226, 246 (1973); ¢) V.J. Cun-

nigham, L. Hay, and H.B. Stoner, Biockem. J., 146, 653 (1975); %) M.T. Ryan and R.K. Chopra,

Biochim. Biophys. Acta., 427, 337 (1976).

6) R. Laliberte, S. Chakrabarti, and J. Brodeur, . Pharmacol. Exp. Ther., 196, 194 (1976); H. Rutenberg,
A.G. Lacko and L.O. Soloff, Biochim. Biophys. Acta., 326, 419 (1973).

7) S. Ozeki and K. Tejima, Chem. Pharm. Bull., 25, 1952 (1977).

O QO N =
=

NII-Electronic Library Service



586 Vol. 28 (1980)

Spector have shown that fatty acid-induced quenching of 1-anilinonaphthalene-8-sulfonate
(ANS) fluorescence is probably due to the displacement of ANS from binding sites on
albumin.® An inhibition of drug-protein binding by fatty acids due to conformational
changes in the drug-binding sites of albumin in the presence of fatty acids have also been
suggested,®>® though no direct experimental evidence of such conformational changes in
the protein structure is available. Fuller and Hunter suggested that the binding sites for
fatty acids are located near the single sulfhydryl group, and that oxidation of this sulfhydryl
group alters the binding of fatty acids at this site.> On the other hand, Reed et al. showed
that the three strongest sites for the binding of palmitic acid are located in the carboxyl-
terminal two-thirds of the molecule of BSA.1® We have demonstrated that fluorescent
probes such as ANS and N-phenyl-1-naphthylamine (NPN) are useful to study the binding
of small molecules to BSA.') This work was conducted to study the mechanism of binding
of various fatty acids to BSA, using the fluorescent probe technique.

Experimental

Materials Bovine serum albumin (BSA) Fraction V (Wako Pure Chemical Industries, Ltd.) was
used in this study, and its molecular weight was assumed to be 69000. BSA was treated with charcoal and
_ then dialyzed to remove intrinsic fatty acids.’® The fatty acid content of BSA, as measured by titration
with NaOH using Nile Blue A as an indicator,'® was less than 0.2 mol of fatty acid per mole of albumin.
The concentrations of albumin solutions were determined from the absorbance of the peak at 279 nm. The
molar concentration was calculated on the basis of El%,—=6.67.1» The protein was diluted with concentrated
buffer solution to give a final buffer with the following composition: 1.396 mm KH,PO,, 57.05 mMm Na,HPO,,
70.32 mm NaCl, pH 7.4. This buffer was defined as the standard buffer, and was used in all experiments
unless otherwise noted. The fluorescent probe, 1-anilinonaphthalene-8-sulfonate (ANS), was purchased
as the sodium salt from Tokyo Kasei Co., Ltd.; N-phenyl-1-naphthylamine (NPN) was obtained from Wako
Pure Chemical Industries, Ltd. Fatty acids were purchased from either Tokyo Kasei Co., Ltd. or Wako
Pure Chemical Industries, L.td. and were of the highest purity available (99%,). 2,4,6-Trinitrobenzeneeulfonic
acid (TNBS) and iodoacetamide were obtained from Wako Pure Chemical Industries, Ltd., and iodoacetamide
was recrystallized from chloroform. 5,5-Dithiobis(2-nitrobenzoic acid) (DTNB) was obtained from Katayama
Chemical Co., Ltd. Other chemicals of analytical grade weie obtained from commercial sources, and were
used without further purification.

Instrument——Fluorescent measurements were made with a Hitachi MPF-3 fluorescence spectrophoto-
meter equipped with a recorder. All fluorescence emission spectra in this study are uncorrected. Ultraviolet
absorption and circular dichroism (CD) spectral measurements were made with a Hitachi 124 spectrophoto-
meter and a Jasco J-40A spectropolarimeter, respectively.

Fluorescence Titrations The bindings of ANS and fatty acids to BSA were determined by the method
described in the preceding paper.’) BSA solution 2 ml (1.38 X 10~%m) in pH 7.4 phosphate buffer was titrated
by successive additions of 2 ul of ANS solution (1 x 10-3m) in pH 7.4 phosphate buffer, using a microsyringe
(MS-10, Jintan Terumo Co., Ltd.) at 27°. Binding of the fatty acids was determined by titrating a mixture
of fatty acid and protein with ANS solution. In these experiments, the BSA concentration was 1.38x10-¢
M in all cases. Because of their low solubility in pH 7.4 phosphate buffer, a concentrated solution of acid
was prepared in methanol, and 0.1 ml was added slowly to 10 ml of BSA solution (1.38 X 10~%M). After the
addition of fatty acid, the BSA solution was diluted to 1.38 x 10-%m with pH 7.4 phosphate buffer. The
excitation and emission wavelengths for ANS were 375 and 465 nm, respectively. The fatty acid concen-
trations used were too low for micelles to form.5®> To calculate the fractions of free and bound probe concen-
trations, fluorescence data at a high protein concentration, which provides excess protein binding sites, are
required. In this study, the fiuorescence titrations were carried out at several protein concentrations and the
fluorescence at high protein concentration was obtained by an extrapolation method. The probe-to-protein
binding parameters were calculated using the Scatchard equation (1).'

v/Df = nka — vka ¢))
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where ¥ is the number of mcles of bound probe per mole of BSA, Df is the concentration of free probe, »
is the number of binding sites on BSA, and ka is the association constant of the probe with BSA. The com-
petitive binding of fatty acids to BSA was determined using equation (2).1%.1%

_ ka(n—v) — 5|Df y 1 @
Bt|Pt—n+5+5/Df(1/ka) ~ (3]/Df)P¢

where kb is the association constant for competitor, P? is the total concentration of protein, and Bt is the
total concentration of competitor.

CD Measurements In order to obtain good CD spectra. the path length of the CD cell for the far-
ultraviolet spectral region (200-—250 nm) was 10 mm. The CD spectra were obtained by serially adding
2—10 pl of fatty acids in methanol to 2.0 ml of 1.38 x 10~% M BSA solution in pH 7.4 phosphate buffer at room
temperature (15—18°). Observed ellipticity Ogpsq, was converted to mean residue ellipticity [6], by means
of the following equation (3).

kb

(6] = fobsd x (mean residue weight) 3)
10 x (path length in cell) x (mg/ml of protein)

where [0] is the mean residue ellipticity at 208 nm. For this purpose the CD spectra were expressed as mean
residue ellipticity, using a mean residue weight of 114. The «-helix contents were calculated by the method
of Greenfield and Fasman, using equation (4).19

—[67— 4000
™ Skt 4
33000 — 4000 @)

Partition Experiment The partition coeficient was obtained by equilibrating 5.0 ml of pH 7.4 phos-
phate buffer containing 5x 10-5m ANS with 5.0 ml of CHCI; containing 1—2 x 10—3wm fatty acid at room
temperature (29—24°) for 4 hr with shaking. CHCl; and the buffer were saturated with each other before
use. After shaking, the concentration of the probe in the water phase was determined by spectrophotometry.

Iodoacetamide Treatment of BSA (IA-BSA)——Jodoacetamide (2 mol per mol of albumin) was added
to a 19 solution of BSA. The reaction was allowed to continue at 2° for a week and the pH was maintained
at 7.4. The albumin solution was then dialyzed exhaustively against distilled water at 2°. The solution
was freeze-dried and allowed to stand in a cold room (2°). The sulthydryl content of the albumin solution
was determined by spectrophotometric titration with DTNB;!? no reactive sulfhydryl was detected.

TNBS Treatment of BSA (TNBS-BSA)——This reaction was performed according to the method of
Andersson ef al.'® TNBS (1 mol per mol of albumin) was added to 1 x 10—¢m IA-BSA solution in 0.2 M car-
bonate buffer, pH 8.0. The solutions were allowed to stand at room temperature (22—27°) overnight.

Sulfhydryl Determinations The SH content of serum albumin was determined by disulfide exchange
with DTNB as described by Janatova ef al.*” A stock solution of 0.01 M DTNB in 0.037 M phosphate buffer,
pH 8.0, was prepared. The reaction mixture was then prepared by mixing 0.8 ml of the stock DTNB solution
and 0.2 ml of a 0.025 M EDTA solution, pH 8.10, with 3.0 ml of albumin solution, pH 8.10. The absorbance
of the reaction mixture was read against a blank solution at 412 nm after the solutions had been allowed to
stand for 45 minutes at room temperature. The concentration of albumin in the reaction mixture was in the
range of 0.5—19%,. -

a-helix =

Results and Discussion

Binding of Fatty Acid to BSA in the Presence of ANS

The fluorescence spectra of ANS-BSA complex, excited at 300 nm, are shown in Figs. 1
and 2. When ANS is added to a BSA solution, BSA fluorescence (Ay., 340 nm), which is
a pure tryptophan fluorescence,™ is quenched, while a second peak appears in the 465 nm
region, which represents ANS fluorescence. It is clear that BSA fluorescence decreases after
the addition of 1x10~%m capric acid, whereas on further increasing the capric acid concen-
tration, a blue shift and enhancement appeared. Palmitic acid also produced both quenching
and the blue shift and enhancement of BSA fluorescence, the extents of the changes being
relatively larger than in the case of capric acid. Qualitatively similar results were obtained
with lauric acid and stearic acid. Therefore, it has been suggested that fatty acid binding

15) I.M. Klotz, H. Triwush, and F.M. Walker, J. 4m. Chem. Soc., 70, 2935 (1948).

16) N. Greenfield and G.D. Fasman, Biochemistry, 8, 4108 (1969).

17) J. Janatova, J.K. Fuller, and M.]J. Hunter, J. Bio!. Chem., 243, 3612 (1968).

18) L-O. Andersson, J. Brandt, and S. Johansson, Arckh. Biochem. Biophys., 146, 428 (1971).
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Fig. 1. Fluorescence Emission Spectra excited Fig. 2. Fluorescence Emission Spectra excited
at 300 nm for Solutions containing 1.38 X at 300 nm for Solutions containing 1.38 X
10-%M BSA 10-%m BSA
1: in the absence of ligand. 1: in the absence of ligand.
2:in the presence of 2 x 10-%x ANS. 2: in the presence of 2 X 10-¢ m ANS.
3:in the presence of 2 x10-%x ANS and 1x 105 x capric 3:in the presence of 2x10-¢m ANS and 5x10-%x
acid. palrmitic acid.
4: in the presence of 2 x10-¢x ANS and 2 X 10~5x capric 4:in the presence of 2x10*u ANS and 1x10-5x
acid. palmitic acid.
5: in the presence of 2 x10-%x ANS and 5 x 10—3 » capric 5: 1n the presence of 2xX10-¢x ANS and 2x10-3x
acid. palmitic acid.

sites may be present in the immediate vicinity of at least one of the tryptophans of BSA,®
and that the blue shift and enhancement are caused by the more hydrophobic environment
for tryptophan in the fatty acid-BSA complexes than in the non-complexed BSA.20 Thus,
the tryptophan perturbations may be due to fatty acid-induced conformational changes in
the probe binding sites. As the fatty acid concentration increases, the ANS fluorescence
(Amax 465 nm) decreases, but the wavelength of maximum emission does not change (Figs.
1, 2). However, in the case of palmitic acid, the fluorescence of ANS bound to BSA was
enhanced at 5x10-%m palmitic acid, 1.38x107%m BSA, and 1—2x10-¢m ANS. It has
previously been suggested that this effect is due to an increase in available sites as a
consequence of the combination of fatty acids with protein.’® Further, the partition coeffi-
cient of ANS was almost zero in the absence, as well as in the presence, of the fatty acids used
in this experiment, and these results indicate that fatty acids are not capable of solubilizing
ANS in a nonpolar environment.) Therefore, BSA may bind more ANS in the presence of
palmitic acid.

A previous paper showed that ANS binds to BSA in a molar ratio of approximately
3: 110 The binding parameters of capric acid, lauric acid, and palmitic acid to BSA were
studied using ANS as a probe. The binding affinities of fatty acids are characterized by
the association constant calculated from eq. (2). The method of titration used assumed that
the quantum yield of ANS bound to BSA is the same in the presence or absence of fatty acids.
(Orlov et al. have reported that fatty acids did not affect the fluorescence of either ANS or
NPN bound to BSA.2Y) The results for capric acid are shown in Fig. 3 and Table I.
The experiments were carried out at four capric acid concentrations. The points show
experimental data and the lines are theoretical plots generated by eq. (2). The theoretical
curves shown in Fig. 3 are for ka=1.1X10%u"1, P{=1.38x10"%m, #=2.9 and using the
association constants given in Table I for capric acid. The data are consistent with
simple competition between capric acid and ANS for the same sites on the protein.
Thus, the mechanism of inhibition of ANS-BSA complex formation by capric acid may

19} C.]J. Halfman and T. Nishida, Biochim. Biophys. Acta, 243, 294 (1971).

20) F.W.]J. Teale, Biochem. J., 76, 381 (1960); J. Steinhardt, J. Krijn, and J.G. Leidy, Biochemistry, 10,
4005 (1971).

21) S.N. Orlov, V.G. Rebrov, Yu.A. Malkov, V.A. Fedin, and V.S. Danilov, Biofiziku, 21, 75 (1976).
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TasLe I. Summary of the Association Constants®
This study Literature
Fatty acid Bt? Ex 100 ny My kyx 10-5 E,x 105 Method®
(M=)
Capric acid 5x10-¢ 2.7 6—7 0.6 ED, pH 6.8, 2°0
1x10-5 2.0 1.03 ED, pH 7.4, 37°9
2x1078 1.2
5% 1078 1.0
Lauric acid 2x1075 3.6 6—7 2.3 ED, pH 6.8, 2°9
3 3 1.56 0.156 EP, pH 7.4, 37°D
Palmitic acid  2x107° 6.9 3 3 288 5.98 EP, pH 7.4, 23°N
3 3 67.8 5.0 EP, pH 7.4, 37°H
340 81 EP, pH 7.4, 37919
1.3 22 ED, pH 8.0, 5°®

a) k, and k,=association constants; #, and #,=numbers of binding sites.

b) Total competitor in mole per liter.

¢) ED=equilibrium dialysis; EP=equilibrium partition.

d) J.Reynolds, S. Herbert and J. Steinhardt, Biochemistry, T, 1357 (1968).

e) J.D. Ashbrook, A.A. Spector and J.E. Fletcher, J. Biol. Chem., 247, 7038 (1972).
f) A.A.Spector, K. Johu and J.E. Fletcher, J. Lipid Res., 10, 53 (1969).

v/Df X10¢
v/Df X10-¢

Fig. 3. Scatchard Plots for ANS and BSA
binding at 27° and pH 7.4

—(— : in the absence of capric acid.

—@— : in the presence of 5 X 10-% u capric acid.
—{["}— : in the presence of 1 X 10~% u capric acid.
—Jll— : in the presence of 2 X 10~® u capric acid.
—@— : in the presence of 5 X 10-% u capric acid.

Fig. 4. Scatchard Plots for ANS and BSA
binding at 27° and pH 7.4

—(O— ¢ in the absence of lauric acid.

—[ll— : in the presence of 5 X 10-¢ » lauric acid.
—@— : in the presence of 1x10~? » lauric acid.
—[}— : in the presence of 2 X 10-* u lauric acid.

involve competition for the same binding sites. As the concentration of capric acid increases,
the association constant for capric acid decreases from 2.7x10°M~! to 1.0x10°M~1. This
may be a reflection of the cumulative effects of the electrostatic factors, which have
been neglected.!® This also suggests that the polarity in the vicinity of the binding sites
for ANS may be decreased in the presence of capric acid, judging from the blue shift of
tryptophan fluorescence. Similar changes in ANS binding occurred when lauric acid or
palmitic acid was added instead of capric acid (Figs. 4, 5). The theoretical curves shown
in Fig. 4 are for ka=1.1x10%m—1, kb of lauric acid =3.6x10°m~Y, Pt=1.38x10"¢m and
n=2.9, and in Fig. 5 for Aa=1.1x10%m"1, kb of palmitic acid=6.9x10°m~! and #=2.9.
In the case of 2 X105 m fatty acid, the experimental data are consistent with the theoretical
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curves. However, in the case of 5X10=¢m and 1Xx10-5m lauric acid or palmitic acid, the
theoretical curves do not coincide with the experimental data. Eq. (2) is derived by assuming
that two ligands are adsorbed at equivalent and independent sites, and the electrostatic
interactions between successively bound anions are neglected. Thus, the question arises as

to whether any electrostatic correction is neccessary in our case.

It has been reported that

there is good agreement between the experimental data and the theoretical curve without

electrostatic correction.1t,22)

u/Df X10°°

Fig. 5.

..__O._
_.-_
._'.__
__D__

Scatchard Plots for ANS and BSA
binding at 27° and pH 7.4

: in the absence of palmitic acid.

¢ in the presence of 5 x 10~ » pahmitic acid.
: in the presence of 1 X 10-% » palmitic acid.
: in the presence of 2 X 10~% » palmitic acid.

Fig. 6.

Thus, it appears that the effect of electrostatic interaction is

[6]%107% (deg cm?/dmol)

200 210 220 230 240 250

Wavelength, nm

Phosphate Buffer

CD Spectra of BSA in pH 7.4,

: in the absence of palmitic acid.

——-———: in the presence of 1 x10~% m palmitic acid.
—-—. :in the presence of 1.4 x10~* » palmitic acid.

TasLE II. TFercentage of x-Helical Content of BSA%) in the
Piesence of Fatty Acids

Fatty acid o-Helix (%)
Control® 0 58
Capric acid 5 x10%m 58
1 x10%°wm 58
2 x107%wm 58
5 x10%m 57
1.4x10™¢m™m 55
Iauric acid 5 x10%wm 57
1 x107%m 56
2 x107%wm 56
1.4%10"%*m 54
Palmitic acid , 5 x10%m 56
1 x107%wm. 56
2 x107%wm 55
1.4x10* ™M 51

a) All solutions contained 1.88 x10-¢ x BSA.

b) In the absence of fatty acid.

22) L. Brand, J.R. Gohlke, and D.S. Rao, Biochemistry, 6, 3510 (1967).
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small. Scatchard plots are derived by assuming that each of the multiple binding sites of a
macromolecule competes independently for the available ligand. The theoretical basis of
the model may be invalid in the case of binding of lauric acid or palmitic acid to BSA. The
displacement of ANS by lauric acid or palmitic acid might result from either steric hindrance
or a fatty acid-induced conformational change. Although the reason why the theoretical
curves coincide with the experimental data only in the case of 2x10-%wm lauric acid or
palmitic acid is not clear, palmitic acid at 5x 10~ or 1x10-%m may bind to different sites
from ANS, but may bind largely to the same sites at 2x10-5mM. A comparison of published
data with the present data (Table I) shows that the values of the association constants
obtained for capric acid and lauric acid seem to be good agreement with the primary associa-
tion constant (%;) given in the literature, but this is not so with palmitic acid. The
association constant obtained for palmitic acid seems to be in good agreement with the
secondary association constant (k,) given in the literature. On the basis of the above discus-
sion, the binding sites for ANS may be identical with the strong sites for capric acid or lauric
acid, whereas ANS competes for the secondary sites of palmitic acid.

Far-Ultraviolet CD of the Fatty Acid-BSA System

The far-ultraviolet CD spectra of BSA (Fig. 6) illustrate the effect of palmitic acid
concentration. The spectra were analyzed in terms of the secondary structure of the protein
according to the procedure of Greenfield and Fasman.'® Table I shows that palmitic acid
and lauric acid produced a decrease in the apparent «-helical content of BSA at all concen-
trations tested. Capric acid had no effect at 5x10-6—2x 105w, but it produced a decrease
of a-helix when more than 5x10~%wm was present. These pilot observations indicate that
the binding of fatty acids causes a marked change in the secondary structure of the protein,
but demonstrate that capric acid had little effect on the secondary structure of BSA in the
range of concentration used (5x10-%—5x10-5m). This also suggests that the difference
between theory and experiment for palmitic acid and lauric acid in the binding experiments
may be due to conformational change of BSA upon the binding of these fatty acids.

Displacement of the Probes from BSA by Fatty Acids

The fluorescence spectra of the NPN-BSA complexes, excited at 850 nm, are shown in
Fig. 7. As the ANS concentration increased, the NPN fluorescence (A, 410 nm) decreased,
and concurrently ANS fluorescence (A,, 465 nm) increased. This indicates that the decrease
in NPN flnorescence produced by ANS is due to displacemement of NPN from BSA. As
proposed in a previous paper!® the same regions on the protein molecule appear to be
involved in the binding of both probes.

Figures 8 and 9 illustrate the effects of capric acid, lauric acid, palmitic acid and stearic
acid on the fluorescence of ANS or NPN bound to BSA. Since the maximum numbers of
binding sites () per BSA molecule for ANS and NPN are 2.9 and 2.0,'» ANS and NPN were
added in amounts of 3 mol/mol and 2 mol/mol albumin, respectively. Capric acid produced
a moderate reduction in ANS fluorescence when more than 1 mol was present, whereas lauric
acid produced a much greater reduction at all concentrations tested. Palmitic acid and
stearic acid had no effect when only 1 mol was present, but produced a reduction in ANS
fluorescence when larger amounts were added. Only when the molar ratio exceeded 4 did
palmitic acid produce appreciable quenching. Though less lauric acid than palmitic acid
or stearic acid is bound to albumin, lauric acid produced much greater reductions in ANS
fluorescence than palmitic acid or stearic acid at molar ratios between 1 and 5. One explana-
tion is that capric acid or lauric acid binds to the same sites as ANS or in the vicinity of the
ANS sites, whereas the first few moles of palmitic acid or stearic acid bind to different sites.
Similarly, Fig. 9 shows that the effects of these fatty acids on the fluorescence of NPN bound
to BSA resemble those with ANS, but in this case palmitic acid produced a reduction even
when 1 mol was present, possibly due to an allosteric change of BSA conformation.
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In order to confirm that the first few moles of palmitic acid or stearic acid bind to
different binding sites from ANS, the binding of fatty acid to IA-BSA and TNBS-BSA was
studied. Long-chain fatty acids are known to protect the albumin sulfhydryl group against
oxidation, and one of the primary fatty acid binding sites may be located near this sulfhydryl

group.®

The influence of fatty acids on the ANS fluorescence of solutions containing

3x10-%m ANS and 1x10-%m IA-BSA was studied at pH 7.4 and 27°. The fatty acids all

w
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Fig. 7. Fluorescence Emission Spectra
excited at 350 nm for Solutions contai-
ning 2 X 10~ NPN and 1 X 10-¢M BSA

1: in the absence of ANS.

2: in the presence of 1 x10~%m ANS.
3: in the presence of 2 x10-% m ANS.
4: in the presence of 3 X10-% » ANS.
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Fig. 9. Effects of Fatty Acids of Various
Chain Lengths on the Fluorescence of
NPN-BSA Complex (2x 10~ NPN and
1x10-¢M BSA) at 27° in pH 7.4 Phos-
phate Buffer

The excitation and emission wavelengths used
were 350 nm and 410 nm.

—C— : capric acid, —@— : lauric acid,

—[}— : palmitic acid, —|Jll— : stearic acid.
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Fig. 8. Effects of Fatty Acids of Various Chain
Lengths on the Fluorescence of ANS-BSA
Complex (3% 10-®M ANS and 1 x 10-%m BSA)
at 27° in pH 7.4 Phosphate Buffer

The excitation and emission wavelengths used were
375 nm and 465 nm.

—(O— : capric acid, —@— : lauric acid,

—{]— : palmitic acid, —Jll— : stearic acid.
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Fig. 10. Effects of Fatty Acids of Various
Chain Lengths on the Fluorescence of
ANS-TNBS-BSA Complex (3 X 10-¢Mm ANS
and 1x10-%M TNBS-BSA) at 27° in pH
7.4 Phosphate Buffer

The excitation and emission wavelengths used
were 375 nm and 465 nm.

—(Q— : capric acid, —@— : lauric acid,

—{1— : palmitic acid, —Jll— : stearic acid.
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gave curves almost identical to those in Fig. 8. It was found that binding sites for fatty
acids seemed to be unaffected, suggesting that one of the main fatty acid binding sites is not
located near the single sulfhydryl group. Fig. 10 shows the influence of fatty acids on the
ANS fluorescence of solutions containing TNBS-BSA. Palmitic acid or stearic acid produced
a reduction of the ANS fluorescence when 1 mol was present. Further, the binding parameters
of ANS with TNBS-BSA are about the same as with native BSA, as determined by the
fluorescence method. In the case of binding of ANS to TNBS-BSA, titrations were monitored
by fluorometry with excitation at 305 nm, a wavelength at which TNBS-BSA and ANS
show no appreciable absorption. These results indicate that one of the strongest binding
sites for long-chain fatty acids may be blocked by TNBS. Capric acid or lauric acid also
produced a much greater quenching of ANS fluorescence than in native BSA. These results
suggest that capric acid or lauric acid may be weakly bound to the TNBS binding sites of
BSA, and this affinity labeling may result in an increase in competitive binding between ANS
and these fatty acids.

King discovered that under special conditions pepsin would specifically cleave a single
bond in BSA near the middle of the molecule to give the fragments P-B (1-—306) and P-A
(307—585).28  Reed et al. showed that both fragments have high helical contents (63 and
579,) as determined by CD, indicating that they retain substantial secondary structure.l®
They reported that the fragment P-A has the strong binding sites for palmitate, with an
association constant about three-fifths of that of BSA, while the fragment P-B shows weaker
affinity, less than a quarter of that of BSA. These experiments demonstrate that the strong
binding sites for long-chain fatty acid are located in the carboxyl-terminal half of the
molecule. TNBS reacts preferentially and quantitatively with s-amino groups of albumin
under mild conditions to give the corresponding trinitrophenyl derivatives.2¥ Andersson
et al. showed that one of most reactive sites with TNBS is involved in the binding of
palmitate with BSA, and that this site contains lysine which can be labeled with TNBS.1®
These results provide strong evidence that one of the strongest binding sites for long-chain
fatty acids is the TNBS site, located in the carboxyl-terminal half of the molecule, which
does not contain tryptophan residues.

Based on the above discussion, it seems likely that the mechanism of inhibition of the
probe-BSA binding by capric acid may involve competition for the same binding sites, and,
in contrast, such decreases in probe binding with BSA in the presence of lauric acid, palmitic
acid or staric acid are not due simply to displacement of the probes by fatty acids from the
probe-binding sites, but could also involve a conformational change of the probe-binding
sites caused by the interaction of probes and fatty acids.
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