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Abstract—Alkyldimethylbenzylammonium chlorides have been shown to displace sulfaethi-
dole, a strongly bound sulfonamide, from bovine serum albumin, using measurements of
the optical activity induced into the drug after the binding reaction. The higher homologues
modify the circular dichroism spectrum of the albumin in the region associated with trypto-
phan and tyrosine residues. Measurements at lower wavelengths suggest that the higher
homologues may cause small conformational changes in the protein.

IN PREVIOUS investigations, circular dichroism (CD) has been used to determine the
binding parameters after the interaction of sulfaethidole, a long-acting sulfonamide,
with crystalline bovine serum albumin (BSA).! Although dialysis showed a single site
of high affinity (K = 1-2 x 10° liter mole™ ') and three secondary sites of lower
affinity (K = 1-0 x 10? liter mole ™ !), quantitative investigations of the induced CD
curves showed a single binding site (K = 2-1 x 10° liter mole™!). A clearly defined
isobestic point was seen throughout the titration range. The fact that only the pri-
mary binding site on the BSA was capable of inducing optical activity into the sul-
faethidole enabled the displacement of the sulfa drug from its primary binding site
by other acidic drugs to be quantitatively investigated.> These investigations showed
that these drugs shared a primary binding site on BSA. At this time it was noticed
that the germicide, benzalkonium chloride, displaced sulfaethidole from BSA. Ben-
zalkonium chloride is a mixture of alkyldimethylbenzylammonium chlorides of
general formula

i
O
CH3 H0

cr

where n-is predominantly 12 or 14 but varies from 8 to 18. The ability of the pure
homologues to displace sulfaethidole has now been investigated by CD, together
with the effect of the quaternary ammonium compounds on the CD of the BSA from
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200 to 300 nm. Assuming that the reduced binding is due to a displacement pheno-
menon, an estimate of the binding constants of the quaternary compounds for the
primary site of the acidic drug can be made.

MATERIALS

Sulfaethidole N'-(5-ethyl-1,3,4-thiazol-2-yl) sulfanilamide (Smith, Kline & French)
was recrystallized twice from water to give a melting point of 185-186°. The crystal-
lized BSA was obtained from Sigma Chemical Co. (batch number 10C-8080). The
benzalkonium chloride U.S.P. was commercial Zephiran (Winthrop Laboratories),
and the Cg-C, 4 alkyldimethylbenzylammonium chlorides were a gift from the Ster-
ling—-Winthrop Research Institute. All other chemicals were reagent grade, and
deionized water was used throughout.

METHOD )

All CD spectra were obtained using a 6002 attachment to a Cary 60 spectropolari-
meter, using a slit programmed for a half-band width of 15 A. All solutions were pre-
pared in deionized water containing a 0-054 M sodium phosphate buffer, pH 7-4,
made isotonic with sodium chloride at 22°. The concentration of BSA was 145 x

1073 M and of sulfaethidole 2-523 x 10~ M throughout the investigations. For the
displacement investigations, the solutions were scanned in 10-mm cells from 350 to
245 nm. The effect of the quaternary ammonium compounds on the CD spectra of
the albumin was also investigated through the same wavelength region and any cor-
rection necessary for the small effect of the compounds on the ellipticity was made.
A 100-fold dilution of these solutions was scanned from 250 to 200 nm in 10-mm
cells. The induced ellipticity is defined as the ellipticity observed from the drug plus
albumin minus the ellipticity due to the albumin alone. The signal-to-noise ratio was
never less than 10 to 1.

RESULTS AND DISCUSSION

The ellipticity induced into sulfacthidole after the binding to BSA was reduced in
the presence of all the analogues from n-8 to n-19. The effect of various concentrations
of the n-17 compound is shown in Fig. 1. The induced curves are shown uncorrected
for the small effect of the quaternary compound on the BSA spectrum alone, but
when corrected, the curves are all of the same shape having a positive peak near
257 nm and a negative peak near 279 nm with an isobestic point at 267 nm. These
characteristics are similar to those observed after the displacement of sulfaethidole
from BSA by various acidic drugs.” The displacement of bound sulfaethidole by the
various homologues is shown as a function of concentration in Fig. 2. The effect rises
to a maximum with the n-14 compound, the higher homologues showing some
decrease in displacing ability. It is interesting to note that the n-14 compound is
the most active germicide of the homologues.

The reduced binding of sulfaethidole may be caused by direct competition by the
quaternary ammonium compounds for the same binding site or by conformational
changes in the albumin caused by the homologues. Even the n-8 causes lowered bind-
ing of sulfaethidole, and such short-chain compounds are unlikely to cause confor-
mational changes. Also if the reduced binding of the drug were caused by a confor-
mational change altering the nature of the interaction or of the binding site, then
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FiG. 1. Extrinsic Cotton effect curves for sulfaethidole in the presence of BSA and the n-17 homologue.
Concentrations: BSA 145 x 107 ° M, sulfaethidole 252 x 107 M; n-17 (1) 488 x 107*M, (2) 3-51 x
1074 M, (3) 195 x 1074 M, (4) 146 x 107* M, (5) 976 x 107> M, (6) 488 x 10~ > M and (7) 0.
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TABLE 1. CRITICAL MICELLE CONCENTRATIONS

Chain length CMC’s x 10°
8 220
10 37
11 140
12 69
13 27
14 1-2
15 0-60
16 024
17 010
18 0-033
19 0018

some change in the characteristics of the induced CD curves would probably be
noticed. No such changes were observed with any of the antagonists, and the reduced
binding seems to be the result of competition at the binding site. This may be a direct
competition, or may indicate that the same area of the binding site is shared by the
competing ligands. Tanford® has suggested that cationic amphiphiles may share
hydrophobic areas of high affinity binding sites with anionic amphiphiles.

The homologues form micelles, and micelle formation is a competitive phenomena
to their binding to BSA. The critical micelle concentrations (CMC’s) measured in
water at 25° are shown in Table 1.4 These CMC’s can be expected to be lowered
in the presence of the buffer salts, and in the current investigations, micelle formation
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FiG. 3. Apparent binding constant of quaternary homologue for the primary sulfaethidole binding site
on BSA as a function of concentration: O = n-13; A = n-12.
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TABLE 2. ESTIMATED BINDING CONSTANTS

Chain length (n) K x 1074
g* (0-15)
10 0-099
11 0-28
12 055
13 14
14 31
15 27
16 32
17 2:8
18 22
19 1-6

* Only two measurements were made on the n = 8 com-
pound and no extrapolation is possible.

can be expected to be a competitive phenomena to binding of the higher con-
centrations of n-16 and above homologues.’

Reynolds and Tanford® have shown that dodecyl sulfate micelles do not bind to
a number of proteins, and no micellar binding is to be expected in this present case.
The comparatively low binding constant of 10* (see below) for these cationic deter-
gents suggests that the equilibrium will be shifted further toward micelle formation
than has been noticed with anionic detergents.

In a previous paper,” attempts were made to calculate the binding constant for
antagonists displacing sulfaethidole from its primary binding site. In that investiga-
tion as well as the current, concentrations of sulfaethidole and BSA were chosen so
that 75 per cent of the available primary binding site on albumin is filled with sul-
faethidole, whereas only 1-5 per cent of the total drug concentration is attached to
the secondary sites. This low binding to the secondary sites together with the .fact
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FiG. 4. Effect of quaternary homologues on the CD curves of BSA. (1) Sulfaethidole, BSA and 4-57 x
10~% M n-19; (2) sulfacthidole, BSA and 4-83 x 107 M n-18;(3) 145 x 10”7 M BSA alone; and (4) BSA
and 2:53 x 1077 M sulfaethidole.
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that secondary sites do not give any induced ellipticity allows binding to these sites
to be ignored in any calculation of binding constants. Using the method previously
described,? apparent binding constants as a function of ligand concentration can be
calculated for the alkylbenzyldimethylammonium chloride homologues; extrapola-
tion to zero concentration, as shown in Fig. 3, eliminated problems due to micelle
formation and binding to sites of lower affinity. Binding to higher energy sites would,
however, be a major complication in this method of estimating binding constants. The
binding constants for the homologues are shown in Table 2. The values of 10* are
in agreement with those quoted for the binding of other long-chain quaternary
ammonium compounds to BSA,”~® and this again suggests that sulfacthidole, an
anionic drug, shares the same primary binding site as the quaternary ammonium
compounds. These binding constants are significantly lower than those found for the
highest affinity sites on BSA for anionic detergents, such as the much investigated
sodium dodecyl sulfate which has a binding constant of 1-4 x 10° for 5-6 primary
sites.’%~*2 The binding constants appear to be substantially independent of chain
length from n-13 to n-19. This is in agreement with the observations of the binding
of anionic amphiphiles to BSA where little or no free energy change is observed for
chain lengths greater than 12 carbon atoms,!0:13-15:

The effect of the amines on the CD curve of BSA alone was investigated at several
concentrations through the 300-250 nm region associated with the aromatic amino
.acid residues of the protein. Below n-12, the spectrum of the BSA was not modified;
however, the n-13 compound modified the spectrum in the 260 nm region. The higher
analogues also modified the spectrum at higher wavelengths. These changes were
always small, positive in sign, and are probably due to modification of the environ-
ment for the tryptophan or tyrosine residues of the albumin. These changes will be
reinvestigated with the more sensitive CD equipment becoming available.

Figure 4 shows the effect of the cationic amphiphiles on CD spectrum of BSA at
lower wavelengths. Sulfaethidole itself had no effect on the spectrum; however, all
the homologues above n-12 did, as summarized by the changes in ellipticities at
220 nm shown in Table 3. The homologues did not alter the shape of the curve asso-
ciated with the predominantly helical BSA (Fig. 4) but did reduce the magnitude of
the negative ellipticity throughout the region. These changes in ellipticities are very
similar to those reported for the binding of dodecyl sulfonate to BSA.!® Although

TABLE 3. EFFECT OF CATION ON CD SPECTRA OF BSA AT 220 nm

% Decrease in Concn of cation
Chain length ellipticity (Moles liter™* x 10%)
8 1-41
10 1-28
11 1-23
12 45 1-18
13 47 0-564
14 94 0-543
15 139 1-05
16 12:6 0-504
17 151 0-488
18 142 0483

19 173 0457
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this lower region of the CD spectrum is usually regarded as indicative of the second-
ary structure of the protein, interpretation of changes in terms of conformation are
not unambiguous, and it has been suggested that histidine as well as aromatic amino
acid residues in the protein may contribute to the spectrum in this region.'*!? Foster
and Yang® have reported a reversible structural change in BSA after the binding of
the n-12 homologue ; however, more recently Nozaki et al.” have suggested no con-
formational changes after the binding of tetradecyltrimethylammonium chloride to
BSA at low ligand-to-protein ratios. At higher detergent concentrations, they did
observe gross denaturation accompanied by large changes in CD and optical rota-
tory dispersion. It scems probable that the longer chain dialkylbenzylammonium
chlorides investigated here do cause some conformational change on binding to
albumin even at low concentrations; however, the change is small in comparison to
that caused by similar chain length anionic detergents. The commercial benzalkonium
chloride U.S.P. germicide product, containing predominantly n-12 and n-14 homolo-
gues, displaces sulfaethidole with changes in chiral properties of BSA expected for
this mixture.

REFERENCES

. H. B. KOSTENBAUDER, M. J. JAwAD, J. H. PERRIN and V. AVERHART, J. pharm. Sci. 60, 1658 (1971).
J. H. PERRIN and D. A. NELSON, J. Pharm. Pharmac. 25, 125 (1973).
. C. TANFORD, The Hydrophobic Effect, p. 134. John Wiley, New York (1973).
R. A. CUTLER, E. B. CimuotTy, T. J. OkoLowicH and W. F. WETTERAN, Chem. Spec. Mf. Assoc., Proc.
Annual Meeting 1. (1967).

5. C. TANFORD, The Hydrophobic Effect, p. 140. John Wiley, New York (1973).

6. J. A. REYnoLDs and C. TANFORD, Proc. natn. Acad. Sci. U.S.A. 66, 1002 (1970).

7. Y. Nozaki, J. A. REynoLDps and C. TANFORD, inl press (1974).

8. A. V. Few, R. H. OtTewiLL and H. C. PARREINA, Biochim. biophys. Acta 18, 136 (1955).

9
10

P SR

. J. F. FosTer and J. T. YANG, J. Am. chem. Soc. 76, 1015 (1954).
. J. A. REYNOLDs, S. HERBERT, H. POLET and J. STEINHARDT, Biochemistry, N.Y. 6, 937 (1967).
11. A. RAY, J. A. REYNOLDS, H. POLET and J. STEINHAR®T, Biochemistry, N.Y. 5, 2606 (1966).
12. J. STEINHARDT and J. A. REYNOLDS, Multiple Equilibria in Proteins, Chp. 7, p. 234. Academic Press,
New York (1969). :
13. C. TANFORD, The H ydrophobic Effect, p. 136. Wiley, New York (1973).
14. C. TANFORD, J. molec. Biol. 67, 59 (1972).
15. J. REYNOLDS, S. HERBERT and J. STEINHARDT, Biochemistry, N.Y.7, 1357 (1968).
16. H. PoLET and J. STEINHARDT, Biochemistry, N.Y.7, 1348 (1968).
17. D. B. WETLAUFER, Adv. Protein Chem. 17, 303 (1962).
18. A. J. ALDER, N. J. GREENFIELD and G. D. FasMAN, in Methods in Enzymology (Eds. C. H. W. Hirs
and S. N. TIMASHEFF), Vol. 27, p. 675. Academic Press, New York (1973).



