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action on different receptor sites or states. Although inhi-
bition of adenylate cyclase by opiates is through the delta
subtype of opiate receptors [6, 8, 19], multiple enkephalin
binding sites exist [21]. Thus, alcohol may inhibit binding
of enkephalins to a delta binding site that is not coupled to
adenylate cyclase. Similarly, acetylcholine inhibits striatal
adenylate cyclase through a muscarinic receptor [9], but
the muscarinic receptor is coupled to both adenylate cyclase
and phosphoinositide metabolism [22]. Alcohol may. there-
fore. inhibit agonist binding to the form of the muscarinic
receptor that is linked to phosphoinositide metabolism
rather than to adenylate cyclase.

Both the increase in adenylate cyclase activity by stimu-
latory drugs and the reduction in enzyme activity by inhibi-
tory drugs require the activation of regulatory subunits
[23. 24]. Although Ng and N; mediate opposite actions on
adenylate cyclase activity. the regulatory subunits share a
number of similar properties. Both Ng and N, require GTP
and magnesium for activation. and activation involves a
dissociation of the subunit into constituent components
[23. 25]. Furthermore. Ng and N; both contain an identical
35,000-dalton (i.e. ) component [26]. However, whereas
dissociation of Ng results in activation of the catalytic sub-
unit of adenylate cyclase [23]. dissociation of N attenuates
adenylate cyclase activity by forcing the dissociative acti-
vation reaction of Ng toward formation of the inactive
holoenzyme [25]. Although ethanol appears to enhance the
activation of Ng [5,27]. the present study indicates that
ethanol does not alter either the activation of N; or the
reassociation (i.e. inactivation) of Ng. Ethanol thus appears
to specifically enhance the dissociative activation of Ng.

In summary, ethanol did not alter the inhibition of striatal
adenylate cyclase activity by morphine, Leu-enkephalin
and acetylcholine. Thus, while ethanol has been shown to
alter the activation of N, ethanol does not affect either the
activation or activity of N;. The discrepancy between the
previously reported alcohol-induced inhibition of agonist
binding and the lack of an effect of ethanol on the inhibition
of adenylate cyclase activity may be due to an action of
ethanol on different forms of the delta opiate and musca-
rinic receptors.
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Propranolol binding to human plasma proteins is known to
be high (>90% [1]) with aj-acid glycoprotein (&,-AGP)
playing a major role in this binding. To determine binding
parameters for propranolol bound to human a,-AGP
mostly the equilibrium dialysis (ED) has been used [2-4].

Several high-performance liquid chromatographic

(HPLC) methods have been introduced for the study of
biomacromolecule-ligand interactions [5-8]. The present
paper reports on the application of HPLC as a comparable
approach for studying the binding of propranolol to human
&,-acid glycoprotein.
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Materials and methods

Materials and chemicals. Human aj-acid glycoprotein
(Op.-Nr. 8376, mol. wt. 44100*) was purchased from
Behring Institute. Racemic propranolol hydrochloride was
donated by ICI Pharmaceuticals (Macclesfield. U.K.).

KH,PO, and Na,HPO, x 12H,0 were of analytical
grade. Water used for buffer solutions was of Millipore Q
quality.

Apparatus and chromatographic conditions. A Touzart
and Matignon pump (Model Chromatem 380), and a
Waters Assoc. universal injector (Model U6K) and a vari-
able-wavelength photometric detector (Model 450) were
used for all the experiments. Separations were carried out
at 37° in a stainless-steel column (15cm X 4.7 mm i.d.)
filled with LiChrosorb Diol (Merck, Darmstadt, F.R.G.),
mean particle size 10um. Solutions of propranolol
(5 x 1077-1 x 10~* M) in a phosphate buffer (0.067 M, pH
7.4) used as eluents were pumped at a flow-rate of 1 ml/
min. Detection was effected at 291 nm, the absorption
maximum of the eluent, or at 254 nm, since higher pro-
pranolol concentrations (=1.75 x 10"*M) saturated the
detector. The samples injected were solutions of human
a,-AGP (0.6 g/1) in phosphate buffer containing various
amounts of propranolol. Volumes of the injected samples
were 25 ul for higher concentrations of propranolol in
eluent (21 x 107 M), 50 g, or 100 gl for lower drug con-
centrations (<1 x 107°M).

Evaluation of binding data. At the thermodynamic equi-
librium the concentration of propranolol bound by a mole
of the human «;-AGP (B) depends on the number of
binding sites (1) available on the latter, their affinity (k)
for propranolol, and the concentration of the free pro-
pranolol (F). To express our data with a binding isotherm
we considered the occurrence of specific (saturable) and
nonspecific (unsaturable) binding of propranolol to human
a,-AGP. This isotherm can be described by the following
equation

B nkF
T 1+ kF

The iterative program NONLIN [9] was used for the
weighted nonlinear least-squares curve fitting.

+n'k'F. (1)

Results

A typical chromatogram obtained by injecting a solution
of human a,-AGP in the eluent onto the column is shown
in Fig. lc. The first, positive peak, emerging at the void
volume of the column, belongs to a protein-drug complex
formed under the used experimental conditions. A trough
appearing at the retention time of propranolol, is a mani-
festation of the ligand deficiency in the analysed sample
caused by propranolol binding to the human «,-AGP. The
concentration of the bound species of propranolol equaling
the necessary amount of ligand which compensates this
deficiency was determined by the internal calibration tech-
nique proposed by Hummel and Dreyer {10]. This amount
of ligand was assayed using a set of trough or peak heights
obtained after the injections of the human a,-AGP solution
containing various amounts of propranolol (Figs. la—e).
Since the dependence of peak heights on amounts of ligand
added to the injected samples was linear (each » > 0.999)
the concentration of bound propranolol can be easily cal-
culated from that amount of ligand which abolishes the
detector response.

The plot B/F against B shown in Fig. 2 indicates that
propranolol does not bind only to a single specific class of
binding sites of human a,-acid glycoprotein. Therefore the
binding data obtained were evaluated according to the
equation (1) by using the program NONLIN. Computer
assisted guesses and optimalised values of binding pa-

* Calbiochem—Behring 1984 Catalog.
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Fig. 1. HPLC elution profiles obtained after application of

25 ul of the human a,-AGP solution (0.6 g/1) in phosphate

buffer (0.067 M. pH 7.4) containing propranolol a. b, ¢. d.

and e, of 1x 1077, 2.5x10 % 5x 107 1 x10 * and

2.5 x 107* M, respectively, injected onto the column equil-

ibrated with solution of propranolol {5 x 10" ¥ M) in phos-
phate buffer.

rameters for propranolol bound to human aj-acid gly-
coprotein are given in Table 1.

Discussion

Recently, several reports on in vitro binding of pro-
pranolol to the human aj-acid glvcoprotein by means of
equilibrium dialysis have appeared [2-4]. These data and
those based on HPLC are given in Table 1. Some dis-
crepancy among the reported {2-4] binding parameters
‘s obvious. This may be due to ditferent experimental
conditions used. and/or inadequacy of the model utilized
for evaluation of binding data. Considering the latter possi-
bility Miiller and Stillbauer [2] as well as Wong and Hsia
[3] assumed only a single specific class of binding sites.
while Belpaire er al. [4] suggested the existence of two
specific classes. In the same paper the authors maintained
that within the feasible experimental conditions no satu-
ration occurs [4]. Our results confirmed this finding (cf.
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Fig. 2. Binding of propranolol by human a,-AGP at 37° in phosphate buffer (0.067 M. pH 7.4).

Table 1. Estimated binding parameters for propranolol bound to human a;-acid glycoprotein

kx10°% n'k' x 1077

Investigators n M1 M™h Method and experimental conditions
Miiller and Stillbauer [2] 1.05 11.3 ED, 0.07 M phosphate buffcr

pH 7.4, 22° [11], 16 hr
Wong and Hsia [3] =1 8.4 ED, phosphate-buffered saline

pH 7.5, 37°, overnight
Belpaire er al. [4] 0.67* 2.44 0 ED, 0.15M phosphate buffer

pH 7.4, 25°, 4 hr
Present work 1.1 2.7 HPLC, 0.067 M phosphate buffer
Initial guessesi 7.4
Optimalized values§ 0.81 =0.05 54x07 74x04 pH 7.4, 37°, minutes

* The value of n was calculated from the published data [4] on assuming the mol. wt. of human a,-AGP to be 44100,

+ Evaluation attempted, for details see “Discussion” of this paper.

i The initial guesses of binding parameters were calculated from the co-ordinates of the cross sections of a plane
B/F = f(F, B) with the axis F, B, and B/F.

§ The values of binding parameters and their approximate SDs were optimalized by means of the iterative program
NONLIN [9] using statistical weight equal to 1/B3.

BP 34/24 - J
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Fig. 2) yet for the evaluation of our binding data a model
considering a single specific and a nonspecific class of bind-
ing sites on the human & -AGP for propranolol was utilized.
This model can be validated only indirectly, because no
information on the binding sites of human «,-AGP for
propranolol at molecular level is available as yet. According
to Klotz {12}, the semilogarithmic plot B = f(F), illustrating
the binding of a ligand to specific sites, is an S- shaped
curve with the inflection point appearmg at half-maximum
UlllUlllg \.»UllblUCll]lg our !CSLllLb h[lUWll lIl rlg L lll terms
of this mode of presentation, the total number of sites
originating exclusively in specific drug—protein interactions
is to be rejected.

The present paper demonstrates that HPLC is an efficient
method for studying the binding of propranolol to human
m-acid glycoprotein. Considering a single specific and a
nonspecific class of binding sites on human «-AGP for
propranolol the estimated mean number of specific binding
sites was n = 0.81, with an affinity of k =5.4 x 10°M™!
and for the nonspecific binding their product n'k’ was
7.4 x10°M 1
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Plasmid-mediated resistance to trimethoprim (Tp) is due to
the nlanld directed svnthesis of additional Tp-insensitive
dlhydrofolate reductases (DHFR) (5,67, 8 -tetrahydro-
folate: NADP+ oxidoreductase (EC 1.5.1.3)) [1,2]. The
resistant enzymes are much larger than the sensitive
chromosomal DHFR with molecular weights (MW) of
about 35,000 as compared to the Escherichia coli chromo-
somal enzyme which has a MW of only 21,000 [3, 4]. The
plasmid encoded enzymes have since been ciassified into
two major groups — type I and type II [3]. Although both
enzyme types have a molecular weight of about 35,000

the cubunit comnosition of the enzymesg differe mne T

the subunit composition of the enzymes differs — type I
enzymes consisting of two identical subunits molecular
weight 18,000 and type II enzymes comprising four subunits
molecular weight 9000 [5]. The enzymes also differ in
several other properties. A third plasmid-mediated Tp-
resistant DHFR (type III) has recently been reported by
Fling et al [6]. This enzyme has monomeric structure, low
molecular weight (16,900) and mediates only a moderate
level of Tp resistance [7].

The type I DHFRis often encoded by a lransposon (Tn7)
which also encodes resistance to %treptomycln 18].
2 megadalton resistance transposon. Tn4132. conferring

o i VPP
1 NC NEW

high level resistance to Tp alonc. was extracted trom a

clinical r\l)cmld isolated from a urinary pathogen in Edin-

burgh [9] In this paper, the DHFR encoded by this tran-
sposon has been characterised and compared with the type
I enzyme encoded by a Tn7-like transposon, Tn4130.

Materials and methods

Materials. The auxotrophic organism Escherichia coli K-
12 strain.J62 [10] harbouring plasmid RP4 [11] containing
either Tnd130 or Tnd 132 were used from our previous study
[9]. NADPH and dihydrofolate were purchased from the

Cigma Chamiral Camnany andon) and Senhadey (3 7\
Siginia iacimicar Lulipaily \L\Jll\JUll’ ana )vyuau\.\ -

superfine from Pharmacia Fine Chemicals AB, Sweden.
Trimethorpim lactate was kindly donated by the Wellcome
Research Laboratories (Beckenham. U .K.).

Enzyme assay. Dihydrofolate reductasc activity was
assaved by the method of Osborn and Huennekens [12]
as described previously [1]. Protein concentrations were
estimated by the method of Waddell [13].

Enzyme preparation. The enzyme was prepared from ten
litre batches of exponential phase bacteria by the method
of Amyes and Smith [’\} Removal of NADPH oxidase
activity and subsequent precipitation of DHFR activity was



