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The use of albumin immobilized on agarose gel for the characterization of drug-protein
binding by means of frontal analysis affinity chromatography is described for the interac-
tion of bovine serum albumin with a variety of ligands including hydroxybenzoic acids,
warfarin, phenylbutazone, p- and r-tryptophan, sulfonamides, efc. In all the systems,
the binding capacity of the immobilized albumin was increased by the presence of a six-
carbon-atom spacer between the agarose gel matrix and albumin, to a level comparable
to that of soluble albumin as determined by equilibrium dialysis. The effect of residual
fatty acids on the binding properties of albumin was similarly examined by coupling
defatted bovine serum albumin with the gel. The results indicated that there is no
marked difference in binding properties between the immobitized defatted and undefatted
albumin preparations. The advantages and disadvantages of the present affinity chro-
matographic method are discussed.

Keywords protein binding; immobilized bovine serum albumin; affinity chromato-
graphy; frontal analysis; equilibrium dialysis; hydroxybenzoic acids; phenylbutazone;
warfarin; D- and L-tryptophan; sulfonamides

Utilizing bovine serum albumin (BSA) covalently attached to agarose beads, we have
previously demonstrated the usefulness of an affinity chromatographic technique for iz vitro
evaluation of drug-protein binding parameters in the BSA-salicylate interaction. We have
shown that when BSA is coupled to agarose through a six-carbon-atom spacer, the binding
characteristics of salicylate ions to the immobilized albumin are comparable to those in the
case of soluble albumin.

The present paper demonstrates the applicability of this technique to interactions of
BSA with a variety of ligands, including hydroxybenzoates, phenylbutazone, warfarin, r-
and p-tryptophan, sulfonamides, ¢fc. In all systems investigated, the binding parameters of
the immobilized albumin were increased by the presence of the spacer to levels comparable
to those obtained by equilibrium dialysis.

The use of immobilized albumin in the study of drug-protein binding has also been
evaluated by Kober ¢f al., who immobilized human serum albumin (HSA) by embedding
it in microparticles of polyacrylamide. By comparison with equilibrium dialysis data they
demonstrated that HSA retained its drug-binding properties when the HSA-immobilized gel
was employed in a batchwise procedure. Bovine serum albumin covalently coupled to agarose
gel has been utilized in a batchwise manner in competition with free proteins to evaluate
the binding parameters of some ligand-protein interactions.”

The major advantage of the use of immobilized protein in a batchwise procedure is
that the separation of free from bound drug can be accomplished very simply and quickly.

1) Part I: N.I. Nakano, T. Oshio, Y. Fujimoto, and T. Amiya, J: Pharm. Sci., 67, 1005 (1978).

2) Part of this work was presented at the 97th Annual Meeting of the Pharmaceutical Society of Japan,
Tokyo, April 1977.

3) Location: 7-1 Katsuraoka, Otaru, 047-02, Japan.

4) A. Kober, B. Ekman, and I. Sjéholm, J. Pharm. Sci., 67, 107 (1978).

5) R.G. Reed, T. Gates, and T. Peters, Jr., Anal. Biochem., 69, 361 (1975).
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This is because, in conventional equilibrium dialysis and other subtractive methods,® the
time required to separate the free drug from the complex is far greater than that required
for the establishment of binding equilibria. Even ultrafiltration or ultracentrifugation is
more laborious and time-consuming than the batchwise method. However, the batchwise
procedure suffers from the same disadvantages as subtractive methods, i.c., the free drug
concentration is determined and the bound drug concentration is estimated by subtracting
the free drug from the total added. In the present affinity chromatographic technique,
although it is more time consuming than batchwise procedures, the amount of the bound
drug is directly and simply determined and the concentration of free drug is set at a predeter-
mined value as in the gel filtration method of Hummel and Dreyer.” Therefore, precise data
can be obtained even for low affinity drugs.

Experimental

Materials——Bovine serum albumin (BSA, Fraction V powder, lot 243) and essentially fatty acid-free
BSA (BSA-FAF, prepared from Fraction V, lot 20, reported to contain 0.04 mol of fatty acids per mole of
albumin by the manufacturer) were products of Miles Labs. Inc., Elkhart, Indiana, U.S.A. 3-Hydroxybenzoic
acid, 4-hydroxybenzoic acid, and #-hexylamine were purchased from Wako Pure Chemical Inds.
1-Tryptophan (Nakarai Chemicals Ltd.) and p-tryptophan (Tokyo Kasei Kogyo Co.) were heated to about
150° for one hr and cooled before use. Phenylbutazone, warfarin sodium, sulfamethizole, and sulfisoxazole,
of either JP IX or USP XIX grade, were used without further purification. Bucolome was a product of
Takeda Pharmaceutical Ind. All other chemicals used were as described previously.?

Preparation of Sepharose 4B Derivatives 1) #»-Hexyl-Sepharose 4B was prepared according to the
procedure described for carboxypentylagarose (CH-Sepharose 4B), by reacting cyanogen bromide-activated
Sepharose 4B with #-hexylamine.

2) Sepharose 4B-BSA (S4B-BSA, BSA coupled to Sepharose 4B through a six-carbon-atom spacer)
was the same preparation described previously for salicylate binding.

3) CH-Sepharose 4B-BSA-FAF (CHS4B-BSA-FAF) was prepared by coupling BSA-FAF to CH-
Sepharose 4B as described previously.V

Affinity Chromatography: Frontal analyses were performed as described previously® employing 0.004
% NaN, as an internal void volume indicator. Briefly, either a blank gel or albumin-coupled gel was packed
in a glass column and preequilibrated at 3.3+ 1.1° with buffer flowing for at least 24 hr before the experiment.
The buffer employed throughout the present binding study was 0.05 m Tris [tris(hydroxymethyl)aminometh-
anejcontaining 0.1m NaCl, the pH being adjusted to 7.40 with 2 v HCI at room temperature, ionic strength
0.142. A solution of ligand containing 9.004% NaNj; in the buffer was applied to the column continuously
at a flow rate of 10 ml/hr and the eluate was collected in 2—6 ml fractions, depending upon the concentration
of ligand, until the concentration in the eluate fractions reached that of the applied solution. The elution
of each ligand was followed spectrophotometrically at the following wavelengths: salicylic acid, 295 nm;
3-hydroxybenzoic acid, 286 nm; 4-hydroxybenzoic acid, 245 nm; phenylbutazone, 264 nm; warfarin, 308
nm; p- and L-tryptophan, 278 nm; sulfamethizole, 260 nm; sulfisoxazole, 253 nm; bucolome, 271 nm. The"
amount of ligand bound was determined as described previously.?

After adsorption of phenylbutazone, which binds strongly, its complete elution was facilitated by passing .
a salicylic acid solution (approximately 1 x 10—%m) instead of the buffer normally used for the elution of bound-
ligands. The displacement of bound phenylbutazone by salicylic acid was followed spectrophotometrically -
by monitoring the UV spectrum of the eluate fractions until it coincided with that of the salicylic acid solution
applied to the column. The adsorbed salicylic acid was then eluted with the buffer.

Equilibrium Dialysis——Dialysis data were also obtained according to the procedure described previous-
1yY in the buffer containing 0.004% NaN;. The concentration of BSA was fixed at 0.6%. The concentration
of free ligand was usually determined at the wavelength of maximum absorbance given in “Affinity Chromato-
graphy’’ above. However, phenylbutazone, sulfisoxazole, and sulfamethizole were determined at either
280 or 290 nm, because corrections for impurities arising from both the cellophane membrane and BSA
preparations became appreciable at wavelengths shorter than about 260 nm.

Data Analysis——The binding data obtained with variousligands were analyzed according to Scatchard®
as described previously.) The following equation for a single class of # equivalent binding sites was used:

6) J. Steinhardt and J.A. Reynolds, “Multiple Equilibria in Proteins,” Academic Press, New York, 1969,
p- 39.

7) J.P. Hummel and W.J. Dreyer, Biochim. Biophys. Acta, 63, 530 (1962).

8) G. Scatchard, Ann. N.Y. Acad. Sci., 51, 660 (1949).

NII-Electronic Library Service



Vol, 27 (1979)

2050

‘06 Hd 1V (e *7 * 81, 99s ‘paje[nored jou sisjourered Surpurg
*sjopd preyo3eds pajioder woly pajemore) (y *T "3y Ul pajrodar o19M swjeurered Surpurq o)e[£oifes o1,
2 7% iyt S y7%. Tyl
P i w3 b  SPuA Ty
*(g5 "pY) %«VN«&+MV-§ =Ty dde pue U 3y dde

Eytu 4 Tyt = yytu
*2°1 Sy pue ' S37 T3y Jo sonpea pojrodsI w0y Poyenored d1em sy, ‘L HA 1V
‘uoeNY (08 49 {uonenjyen () ‘90usdseIONY ¢ {WSIOIYOIP 1B[N0I ‘(1) ‘olnpewrojoydonioads ‘JS ¢ (osimyojeq) urungie pozijiqowwul ‘Wi ¢sisArerp wnuqinbe ‘qa
*JULIOYYR0D UOIYR[RII0) (P *s1o3owrered SurpuIq 9y} JO UOTIBUTUIISISP IO Pash Bjep Jejusuwiiedxe Jo Iaquunu oy ],
JI'TFE E 1B ENEN %000 Sururejuoo (aanjerodws) wroos 3e painseawr) oF L, HA ‘IOBN RN 1°( Sururejuod ayng [HH-SIII, ¥ ¢Q°( UI :s}uswradxs Jo suol}ipuo)
*sisA1e1p wnrqimbe £q paureiqo sxem ejep Jurpuiq

(£
(5

f
(a2
(2
(g9

{Apanpoadsar ‘suorjerederd pajjeop pue pojjejepun [qRIOS 91edIPUI JVI-VSH PUE VSd "S[IBI9P I0J 1X0] 90U} 99$ ¢ YS¢ PIZI[IOWWII JO SULIO] 31 *0f2 ‘VSa—gFSHD ‘vsd—gFsS (2

S96°0 S 91 L€ 6°G IvVA-vVSsd
Ve 01 ds ol€ vsd ¥€6°0 01 81 [AN4 9L vsd
€3 6°¢ 96°0 g olG vsd 396°0 Al V'l 9V €'9 VSd-d¥SHO dlozexosying
va 0°'¢ ds ol€ vsd §66°0 9 0'¢ €1 L'g vsd
€3¢ 6°2 25’0 A olG vsd €86°0 € (A4 I'1 ¥'¢ vVsd-d¥SHO ST0ZIYPWEINS
G86°0 S (x4 1'¢ 6’9 AVA-VSH-d¥SHO
44 '1 01 4! aq oS VSH ¢66°0 S ¥'e S'¢ 0°9 vVSd-d¥SHO ouwroroonyg.
186°0 € L8°0 1€°0 12°0 AvVaA-vVSd-d¥SHO
14 w60 w€6'0 w80 a9 et vsd L96°0 € 96°0 820 L0 VSg-d¥SHO weydoydLiy-a
12 @l8°0 (w61 (w9T a9 oS¢ vsd €LL°0 6 26°0 67 Sy vsd
0¢ ¥6°0 9'1 S'1 ada oG vsd €66°0 14 01 6°¢ 0'v  AVA-VSd-d¥SHO
61 06°0 €¢ 1°¢ a0 0% AVA-VSd 986°0 9 68°0 Sy 0y vVSd-d¥SHO ueydoydry -1
81 S'1 1€ 97 CE) o9 VSH L66°0 14 §'¢ 11 8¢ AvVA-vsd
4 01 144 144 NI oG VSH €L6°0 11 ¥'¢ 91 8¢ vsd
L1 eV 9V 02 g0 0§56  AVA-VSd 6660 € Ve 41 62 vVSa-d¥SHO
14 0°'¢ 6'v ST a o8¢ vsd ¥66°0 € ST 11 LT vsd-davs ULIBIIB M
— — - - — ¢vsd
91 91 (44 qe aqg ol€ VSH 8.6°0 € €1 (4 69 AVA-VSd—d¥SHO
1 ¢'1 0L ¥'8 adq 0S¢ AVA-VSd 6660 ¥ ¢TI €S 99 VSd-dySHO
¥I € ¢'cl LE aJ 14 vsd L5670 9 16°0 €€ 0¢ ved-dvs suozejnqAueyd
¢l 6L°0 ao 066 VSH 6660 € 89°0 1°¢ 71 VSd-d¥ySHO PIoy 910Zudq
cl 6.°0 ds ol€ vsd 166°0 € €¥°0 1'2 6°0 vsg-gys -Ax0I1PAH-¥
€l 0°'¢ ao 064 VSH G96°0 9 1 L'¢ €€ vSd-d¥SHO POy 210ZU9q
¢l 0°'g ds ol€ vsd — — - - — vSsg-dys -Ax01pAH-¢
L86°0 3 (U4 0°¢ 8'6 ®vVSsd
4 0°¢2 0°¢ 09 NI oG VSH 6660 ¥ 0°'¢ 8°¥ 86  AVA-VS-d¥SHO
11 @S'T @01 @S1 ad oS¢ ved 18670 €l 0°'¢ L'y €6 (6VSd—d¥SHO
01 8L°0 ¥v'e 88°1 a=x o vsd 6860 0T ¢'1 09 1°L 6VSd-dvs proy ot4d1res
1N - - -
G-01 X %501 X 5-0T X 501X
‘1990 ‘wdde Ty dde 3wl poyreNy dwiey urwungy @9- eN Twdde Ty dde Byl VS JO 93e18 puedry
(ss193ewrered 3urpulg (¢s19yourered Surpurg
eye(] porrodoy eye( IO
sonfep oinjerd3ry Yirm uostredwio) pue ‘spueSi] SNOMBA [IIA VS JO UOIFOBISJUT o) IOf sisjewreled Suipulg jo Alewuing ‘] TIdv],

NII-Electronic Library Service



No. 9 2051

L —nK— K

[Dq]

where 7 is the number of moles of bound drug per mole of albumin, K is the association constant for drug-
albumin complex, and [D,] is the concentration of free drug. When a Scatchard plot is curved, the existence
of multiple classes of sites on the protein molecule is assumed, and extrapolation of a Scatchard plot to y
axis gives >n;K; (total binding capacity®), where the subscript ¢ denotes the i-th class of binding sites.
Thus, from limiting straight lines drawn by the least-squares methods for the linear portions (usually »<1—
1.5 in the present study) of Scatchard plots, the values of >m:K; (intercept on the y axis), apparent #, (app %,
intercept on the x axis), and apparent K, (app K,, slope of the straight line) were calculated.

Results and Discussion

The results of the binding studies are summarized in Table I together with some literature
values. In all affinity chromatographic systems presented here, nonspecific interaction of
these ligands with each of the blank gels (lacking albumin), Sepharose 4B, CH-Sepharose 4B
(which has terminal carboxylate anionic groups at the pH of this study), and #n-hexyl-
Sepharose 4B (which has terminal methyl groups), was negligible in comparison with that of
sodium azide. Thus, the delay in elution of these ligands from the affinity columns can be
attributed entirely to the specific interaction of these ligands with the immobilized albumin.
All ligands selected for the present study exist essentially as 1009, anions in the buffer.

Mode of Attachment of BSA and Binding Characteristics——The binding characteristics
of BSA directly coupled to Sepharose 4B (S4B-BSA) and those of BSA coupled to Sepharose
4B through the six-carbon-atom spacer (CHS4B-BSA) are displayed in Scatchard plots for
several hydroxybenzoates, including salicylate, phenylbutazone, and warfarin, in Fig. 1. We
have previously shown that the binding capacity of BSA is greater when it was coupled to
Sepharose 4B through the spacer only for salicylate.!? Figure 1 shows that this is also the
case for these compounds as well. Similarity in the appearance of the curves in Fig. 1 (a)
and (b) for these systems indicates that the spacer does not appear to influence the binding
characteristics grossly. In the absence of the spacer, the general reduction in binding capacity
is associated with the reduction in the number of binding sites. Comparison of app K, values
for these systems with the literature values (Table I), even though the conditions and methods
differ greatly, indicates a reasonable rank order correlation among the ligands studied.

Comparison with Equilibrium Dialysis Data

Previously it was shown that the salicylate binding capacity of CHS4B-BSA is not only
greater than that of S4B-BSA, but is actually comparable to that of soluble BSA as deter-

9) L.M. Klotz and D.L. Hunston, Biockemistry, 10, 3065 (1971).
10) C. Davison and P.K. Smith, J. Phavmacol. Exptl. Thevap., 133, 161 (1961).
11) T.E. Huntley, J.K. Neitzel, and M.K. Elson, Biochim. Biophys. Acta, 490, 112 (1977).
12) I. Moriguchi, Chem. Pharm. Bull. (Tokyo), 16, 597 (1968).
13) M. Otagiri and J.H. Perrin, Biochem. Pharmacol., 26, 283 (1977).
14) H.W. Jun, L.A. Luzzi, and P.L. Hsu, J. Pharm. Sci., 61, 1835 (1972).
15) D. Rudman, T.]. Bixler, A.E.D. Rio, J. Pharmacol. Exptl. Therap., 176, 261 (1971).
16) J.P. Tillement, R. Zini, P. d’Athis, G. Vassent, Eur. J. Clin. Pharmacol., 7, 307 (1974).
17) S.K. Chakrabarti, R. Laliberté, and J. Brodeur, Biochem. Phavmacol., 25, 2515 (1976).
18) Y.T. Oester, S. Keresztes-Nazy, R.F. Mais, J. Becktel, and J.F. Zaroslinski, J. Pharm. Sci., 65, 1673
(1976).
) V.J. Cunningham, L. Hay, and H.B. Stoner, Biockem. J., 146, 653 (1975).
20) R.H. McMenamy and J.L. Oncley, J. Biol. Chem., 233, 1436 (1958).
) G.F. Fairclough, Jr. and J.S. Fruton, Biochemistry, 5, 673 (1966).
) K. Kakemi, T. Arita, M. Hashi, and K. Sumii, Yakugaku Zasshi, 86, 739 (1966).
23) P. Hsu, J.K.H. Ma, and L.A. Luzzi, J. Pharm. Sci., 63, 27 (1974).
) I. Moriguchi, S. Wada, and T. Nishizawa, Chem. Phavm. Bull. (Tokyo), 16, 601 (1968).
25) J.J. Vallner, J.H. Perrin, and S. Wold, J. Phaym. Sci., 65, 1182 (1976).
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Fig. 1. Comparison of the Binding Characteristics of S4B-BSA (a)
and CHS4B-BSA (b)
—@—, phenylbutazone; —A—, warfarin; —\/—, salicylic acid;
—[]—, 3-hydroxybenzoic acid; —(—, 4-hydroxybenzoic acid.
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Fig. 2. Scatchard Plots for Phenyl-
butazone Binding to Immobilized
BSA (by Affinity Chromatography)
and to Soluble BSA (by Equilibrium
Dialysis)

—A\—, affinity chromatography, S4B-BSA;
O , affinity chromatography, CHS4B-BSA;
@ , affinity chromatography, CHS4B-BSA~

FAF;
O , equilibrium dialysis, undefatted BSA.

Fig. 3. Scatchard Plots for 1- and b-
Tryptophan Binding to Immobilized
BSA (by Affinity Chromatography)
and to Soluble BSA (by Equilibrium
Dialysis)

O, affinity chromatography, CHS4B-BSA ;
@, affinity chromatography, CHS4B-BSA-FAF;
[, equilibrium dialysis, undefatted BSA.

The upper line represents L-tryptophan binding

to CHS4-BSA and the lower line p-tryptophan
binding to CHS4B-BSA.

NII-Electronic Library Service



No. 9 2053

mined by equilibrium dialysis. The results of an extension of this study to phenylbutazone,
presented as Scatchard plots in Fig. 2, show that the binding of phenylbutazone is analogous
to that of salicylic acid. Similar results are presented for r- and o-tryptophan in Fig. 3.
Since r-tryptophan is the only naturally occurring amino acid which is known to interact
appreciably with serum albumin, and was reported?” to have an affinity of approximately

20 times that of the o isomer, these compounds were selected as ligands for testing the general
~ applicability of this technique.” -Fn*the present study employing CHS4B-BSA, r-tryptophan
bound to BSA with an affinity of about 15—16 times that of the o isomer. A fair agreement
with equilibrium dialysis data (BSA) was also observed for r-tryptophan, although the
experimental errors were greater in the latter method as indicated by the low correlation
coefficient of —0.773 (see Table I and Fig. 8). With r-tryptophan, considerable experimental
difficulty was encountered with the affinity chromatographic technique, particularly at low
[D,]. Binding equilibria were sometimes attained at lower concentrations than the experi-
mentally fixed [D,], 7.¢., the concentration of the eluate at equilibrium did not reach that of
the solution applied to the column. Such data were excluded from the plots (Fig. 3) and the
calculation of binding parameters, since the reasons for these effects could not be determined.
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Fig. 4. Scatchard Plots for Warfarin Fig. 5. Scatchard Plots for Sul-
Binding to Immobilized BSA (by fisoxazole Binding to Immobilized
Affinity Chromatography) and to BSA (by Affinity Chromatography)
Soluble BSA (by Equilibrium Dialy- and to Soluble BSA (by Equilibrium
sis) Dialysis)
A\, affinity chromatography, S4B-BSA; O, affinity chromatography, CHS4B-BSA ;
O, affinity chromatography, CHS4B-BSA; [, equilibrium dialysis, undefatted BSA;
[, equilibrium dialysis, undefatted BSA; M, equilibrium dialysis, defatted BSA.
M, equilibrium dialysis, defatted BSA. The line represents the affinity chromato-
The line represents binding to CHS4B-BSA graphyic data only.

and defatted BSA.

The warfarin binding characteristics of CHS4B-BSA and soluble BSA are compared in
Fig. 4. Although the soluble BSA preparation is closer to CHS4B-BSA than S4B-BSA in
warfarin binding characteristics, some difference can be seen between soluble BSA and
CHS4B-BSA, particularly at low molar ratios of warfarin to albumin. Figure 5 also indicates
the soluble BSA preparation to have a somewhat higher binding capacity than CHS4B-BSA
toward sulfisoxazole.
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These studies thus suggest that, although the binding capacity of CHS4B-BSA approaches
that of soluble albumin, depending upon the nature of the ligand, some difference may exist
between the soluble albumin preparation and the immobilized BSA with the spacer (CHS4B-
BSA). An attempt was made to elicit information concerning the reason for this difference
by similarly examining another BSA preparation which is essentially fatty acid-free.

Effects of Residual Free Fatty Acids

Commercial preparations of serum albumin, unless described as defatted, are known to
contain up to 2—3 mol of free fatty acids per mole of albumin.?® A recent report®” showed
some HSA preparations to contain as much as 9 mol of fatty acids; the differences in binding
properties among them were abolished upon defatting. Although physiologically important
16- and 18-carbon-atom fatty acids show affinities approximately 3—4 orders of magnitude
greater than those of most drugs, these fatty acids are generally considered not to inhibit
the binding of drugs and other physiological substances except at high concentrations.2®
However, recent studies indicate that depending upon the ligand even small amounts of fatty
acids, at molar ratios to albumin of less than 1.5, may potentiate!”2%-3? or inhibit3%:3% the
drug binding through an allosteric mechanism. '

In the affinity chromatographic method, unless a defatted BSA preparation is employed
in immobilization, the coupling conditions may favor the dissociation of albumin-residual
free fatty acid complexes. Subsequent extensive washing with buffers at different pH values
may also remove the residual fatty acids. Further, the repetitive use of a column for binding
studies of many ligands over several months may be considered to gradually wash away the
residual fatty acids, particularly if the ligand and fatty acid share the same binding sites
on albumin. In view of these problems, a BSA preparation which was essentially fatty acid
free (BSA-FAF) was similarly examined by immobilizing it on CH-Sepharose 4B (CHS4B-
BSA-FAF). The bindings of warfarin and sulfisoxazole to BSA-FAF were also investigated
by equilibrium dialysis.

The binding properties of CHS4B-BSA-FAF are compared with those of CHS4B-BSA
for salicylate (Table I), phenylbutazone (Fig. 2), v- and o-tryprophan (Fig. 3), warfarin (Fig.
4), and bucolome (Table I). In no case was any significant difference observed between
these two immobilized albumins. Thus, for salicylic acid, phenylbutazone, and r-tryptophan,
these immobilized albumins appear to show binding properties similar to those of the unde-
fatted BSA preparation. In the cases of warfarin and sulfisoxazole, however, the undefatted
albumin preparation showed a slightly higher binding capacity than BSA-FAF or CHS4B-
BSA. Moreover, the binding characteristics of the latter two were comparable. A number
of recent reports!?-2%:30 suggest that, at low molar ratios of fatty acid to albumin, fatty acids
allosterically enhance warfarin binding. Our present results can be interpreted in this light
as indicating that the bindings of warfarin and sulfisoxazole were enhanced by residual fatty
acids in the undefatted BSA preparation and that the residual fatty acids were removed
prior to binding experiments in the affinity chromatographic study. However, this remains
unconfirmed, as we did not quantitate fatty acids in any way. Further studies in this
direction are in progress in our laboratories.

) R.F. Chen, J. Biol. Chem., 242, 173 (1967).

) D.J. Birkett, S.P. Myers, and G. Sudlow, Clin. Chim. Acta, 85, 253 (1978).

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

29) S.K. Chakrabarti, Biochem. Pharmacol., 27, 739 (1978).
) G. Wilding, R.C. Feldhoff, and E.S. Vesell, Biochem. Pharmacol., 26, 1143 (1977).
) B.J. Soltys and J.C. Hsia, J. Biol. Chem., 252, 4043 (1977).
) M.T. Ryan and R.K. Chopra, Biochim. Biophys. Acta, 427, 337 (1976).

33) T. Sjodin, Biochem. Pharmacol., 26, 2157 (1977).

34) B.L. Ramsey and U. Westphal, Biochim. Biophys. Acta, 529,115 (197.8).

NII-Electronic Library Service



No. 9 2055

The results of the present study are consistent with the generally accepted view that
the presence of small (residual) amounts of fatty acids does not grossly influence drug binding
to albumin,?® i.e., the influence of fatty acids on drug binding is not competitive in nature.
Fatty acid binding is likely to affect the conformational state of albumin®) and to affect
allosterically the interaction of albumin with other ligands.?® Therefore, depending upon
the nature of the ligand, the binding may be inhibited, enhanced, or unchanged by residual
fatty acids.

General Discussion

Methods to study protein binding employing immobilized albumin, whether immobiliza-
tion involves covalent linkage or embedding, may be classified into 2 categories, 7.e., (1)
batchwise techniques and (2) affinity chromatographic techniques. The former technique
offers rapid and simple procedures, while the latter, although more time-consuming, offers
precise data with simple experimental procedures. The precision in the latter techique is
due primarily to the fact that the free drug concentration is experimentally set and bound
drug can be directly determined. The leakage of immobilized albumin is a major concern.
However, the binding capacity of the albumin covalently linked to Sepharose 4B, employed
in this study, remained essentially unaltered for several months. Even the less-stable defatted
albumin showed adequate stability for 1—2 months after coupling. Thus, repeated use under
the same experimental conditions would be of particular value when the availability of protein
is limited. For strongly bound ligands, small columns are sufficient, while for weakly bound
ligands, large columns are required to obtain precise data.

Disadvantages of the use of immobilized albumin lie in the nature of the gel matrix.
Although Sepharose 4B is claimed to have low adsorption properties,®” we have observed,
for instance, that a-naphthol, 3-hydroxy-2-naphthoic acid, chlorpromazine, rose bengal, ¢tc.,
have some affinity for Sepharose 4B. Both Sepharose 4B derivatives (lacking albumin)
employed in this study showed significant adsorption of some of these ligands. Thus, the
present affinity chromatographic technique for such ligands is not as straightforward as
presented here and may require correction for nonspecific interaction with the gel matrix.
In such cases, a suitable choice of gel would be helpful.
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