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The detection of binding of a ligand to a protein 1s an analylical process usually
accomplished by equilibrium dialysis!, ultrafiltration? or, in the case of an uncharged
ligand, by isoelectric focusing in the presence of the radioactive ligand followed by
autoradiography®. Other techniques such as precipitation of the complex by
ammonium sulphate* or fixation of the complex on nitrocellulose membrancs® have
been successful in some cases, but do not allow the discrimination of the binding
protein from the other unrelated proteins present in the extract. The equilibrium
dialysis or ligand retention dialysis methods® are interesting since they allow the
determination of the affinity constant of the proicin for s lgand. However, these
methods have the disadvantage of using large amounts of proteic material. Binding is
the ratio between the rates of assoctation and dissociation. For bacterial binding
proteins, the rate of association has been reporied to be almost diffusion controlled,
while dissociation was slow but independent of association’. It is believed that
isoelectric focusing or electrophoresis technigues cannot be used in the presence of
charged ligands, which would dissociate and be eliminated during the analysis.

In this paper we show that complexes of radioactive ligands with hacterial
periplasmic binding proteins, such as the y-bulyrobetaine-binding protein, leucine-
binding protein and ribose-binding prolein, are sufficiently stable to be detected by
autoradiography after non-denaturing polyacrylamide gel ¢lectrophoresis (PAGE)
using a minigel system. Thus, binding proteins can be specifically identified by their
relative positions on polvacrylamide gels.

EXPERIMENTAL

Bacterial strains and growth conditions

Agrobacteriym sp. strain HK, (DSM2938) was grown at 30°C with y-butyro-
betaine as a carbon and nitrogen source and to induce the transport system®
Non-induced cells were grown on 0.2% D-glucose, Strains AI271 and W1485 are
derivatives of Escherichia coli K-12 and were grown at 37°C. Strain AI271Y was grown
on M% minimom salt medium with 1% glycerol and 0.2% ribose as carbon sourees.
Strain W1483 was grown on minimal medium supplemented with 1% glycerol as
a carbon source.
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Fig. 2. 10% Non-denaturing PAGE (A) and antoradiegraphy (B) of periplasmic proteins feom non-induced
Agrobaeterium sp. HK 4 cells (lane 17, periplasmic proleins from induced Agrobacierium sp. HK 4 2lls {lane
2), or puriticd y-butyrebetaine-binding protcin {lancs 3 and 4). A 50-pg amount of the proteins was
incubated for 15 min wilh 10 @M [1*Cly-butyrobetaine in the absence (lanes 1, 2 and 3) or presence (lane 4) of
500 uM unlabelled y-butyrobetaine.

Osmotic shocks

Osmotic shocks were perfarmed according to Neu and Heppel'®. The peri-
plasmic protein extracts were filtered on membranes (Sarterius, Gottingen, F.R.G.),
concentrated by ultrafiltration on YMI10 Amicon membranes (Diaflo Amicon,
Oosterhout, The Netherlands) to a [inal concentration of approximately 1 mg/ml and
extensively dialyzed against 10 mM Tris—HCI buffer, pH 7.4

Electrophoresis and autoradiography

Aliquols of the concentrated shock fluids containing the various binding
proteins {50 pg) were mixed with the respective radioactive ligands ['*C]y-butyro-
betaine (16 pCi/umoly, ["*Cli-leucine (330 pCi/umol) and ["*Cln-ribose (38 nCi/-
pumol), at a final concentration of approximately 10 gM and left at room temperature
for 15 min. Laemmli’s sample buffer!! (without sodium dodecyl sulphate and
fB-mercaptoethanol) was then added and the samples were subjected, without
denaturation and reduction, to PAGE in a discontinuous system in which sodium
dodecyl sulphate was omitted. In order to shorten the time of clectrophoresis, the
Bio-Rad mini protean™ slab cell system (Bio-Rad Labs., Richmond, CA, U.8.A.) was
used. The pgels were 6 cm long, meluding a stacking of approximatively 1 ¢m and the
spacers were 0075 mm thick. The analyses were performed with a constant voltage
setting of 200 V, usually for approximately 45 min. The gels were then quickly dried on
Whatman Nos 3MM paper and auntoradiographed using Fuji X-medical films (Fuji
Photo Film, Tekyo, Japan). Coomassie bluc staining was performed after autoradio-
graphy by scraping the Whatman paper from the gel with ethanol.

Protein determination
Protein concentrations were determined according to Bradford!?.

Chemicals
[**CJL-Leucine and ['*C]D-ribose were obtained from the Radiochemical Centre
(Amersham, U.K.). [**C]y-Butyrobetaine was prepared in our laboratory by methyla-
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tion of ['*Cly-aminobutyric acid {Radiochemical Centre). The other chemicals were of
the highest purity available from E. Merck (Darmstadt, F.R.G.), or Fluka (Buchs,
Switzerland).

RESULTS AND DTSCTISSTON

In order to show that electrophoresis of complexes is a convenient method to
detect the presence of a specific binding activity, crude shock flnids of bacteria induced
for three different specific transport systems were used, For the detection of
ribose-binding proteins, on the gel shown in Fig. | only one band is labelled within the
mixture of the shock released proteins (lane 1). This result is in accord with the
literature, indicating the involvement of one ribose-binding protcin in E. cofi'3. When
unlabelled b-ribose (500 pl) was added to the mixture a significant decrease in the
labelling was observed, demonstrating the specificity of the binding phenomenon (lane
2.

Crude shock fluid obtained from an Agrobgcteriven sp, isolated from seil and
able to concentrate p-butyrobetaine (an highly charged molecule) through an inducible
binding protein-dependent transport system” was subjected to the same procedure
{Fig. 2, lane 2). Also shown is a protein preparation from non-induced cells grown on
glucose (lane 1), and two samples of the purified p-butyrobctaine-binding protein
(lanes 3 and 4). With the crude extract as well as with the pure protein (lanes 2 and 3),
a radioactive band was found at the same position, showing the presence of the label
bound to the binding protein. The lact that only the y-butyrobetaine-binding protein
was labelled in the crude extract rules out the possibility of a non-specific binding.
Finally, addition of unlabelled y-butyrobetaine (500 uM) in the purified preparation
(lane 4) resulted in a nearly complete abolition of the labelling.

t-Leucine is transported in E. cofi by two distinct transport systems each
involving distinet hinding proteins (1.TV-hinding pratein and LS-binding protein}®,
Although these proteins have very similar molecular masses'3, they were distingnished
on our gel system despite the broad radioactive band caused by the free ligand (Fig. 3,
lane 1). Here again, the addition of non-radioactive r-leucine resulted in a significant
decrease in the protein labelling (lane 2).

In conclusion, we have shown that non-denaturating PAGE using a minigel
system allows the detection of various bacterial binding protcins specific for neutral or
highly charged molecules such as amino acids or betaines. The simplicity of the
procedure should help in the detection and the purification of various proteins
involved in binding phenomena.
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