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Summary: The affinity of progesterone receptor from hen oviduct for ATP- 
Sepharose was diminished by preincubation with pyridoxal 5'-phosphate. This 
effect was specific for pyridoxal 5'-phosphate since the related compounds, 
pyridoxal, pyridoxine, pyridoxamine and pyridoxamine 5'-phosphate, were not 
effecters. The inactivation was easily reversed by the addition of the primary 
amine, Tris. However, in the presence of the reducing agent NaBH the inhibi- 
tory effect of pyridoxal 5'-phosphate was irreversible. The resu ts suggest Y 
that pyridoxal 5'-phosphate forms a Schiff base with a critical amino group, 
presumably at the nucleotide binding site of the progesterone receptor. 

Previous studies from this laboratory have demonstrated an interaction 

between the avian progesterone receptor and ATP (l-3). This interaction was 

observed using ATP-Sepharose chromatography and was shown to be reversible and 

dependent upon ionic strength. While the functional significance of this ATP 

binding remains obscure, it may represent an important step in the mechanism of 

steroid hormone action. In an effort to provide additional definition of the 

receptor-ATP interaction, inhibitors of this process have been sought. Among 

the compounds which were tested, one of these, pyridoxal 5'-phosphate, indicated 

promise as an agent to block the nucleotide binding site (4). This observation 

is documented in the present communication which shows pyridoxal 5'-phosphate to 

be a potent inhibitor of ATP binding by the progesterone receptor. 

MATERIALS AND METHODS 

All reagents were of analytical grade and were made up in glass-distilled 
water. All procedures were carried out at 4'. Pyridoxal 5'-phosphate, pyri- 
doxal, pyridoxine, pyridoxamine 5'Jphosphate and pyridoxamine were purchased 
from Sigma, and progesterone [1,2- HI, (50 Ci/mmol) from New England Nuclear. 
ATP-Sepharose containing 4-5 umoles ATP/ml packed Sepharose was prepared as 
described previously (1,5). 
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Treatment of progesterone receptor. Progesterone receptor was obtained from hen 
oviduct cytosol and was precipitated with ammonium sulphate (45% of saturation) 
as described previously (2). The precipitate was stored at -70' until use (no 
longer than 3 weeks). For the experiments described here, the receptor precipi- 
tates were dissolved in l/10 the original cytosol volume of Barbital buffer (20 
mM Barbital-HCl, 10% glycerol, v/v, 
dialyzed against the same buffer for 2 h and then labeled with 10 

5 mM dithiothreitol and 10 ti-~ClM,]~~]~~,- 

gesterone for 3 h. Aliquots (0.6 ml) of the labeled receptor were incubated at 
4" for 18 h with 0.6 ml of pyridoxal 5'-phosphate or the related compounds dis- 
solved in Barbital-buffer (adjusted to pH 8 with 0.1 M NaOH). 

Binding to ATP-Sepharose. Treated samples of progesterone receptor were frac- 
tionated on columns of ATP Sepharose as described previously (l-3) except that 
Barbital buffer was used throughout the procedure. This buffer had no effect on 
the receptor preparations when compared to Tris-HCl which had been used in our 
previous studies (l-3). However, since Tris interfers with the action of pyri- 
doxal 5'-phosphate, it could not be used here. Briefly, the receptor sample 
(0.6 ml) was applied to a 1 ml column of ATP-Sepharose equilibrated with Barbi- 
tal buffer. After the column was washed with 15 ml of Barbital buffer, the 
adsorbed receptor was eluted with buffer plus 1 M KC1 and ten 1 ml fractions 
were collected. Aliquots (0.2 ml) from each fraction were transferred to scin- 
tillation vials. Five-tenth ml of water and 5 ml of scintillation fluid con- 
sisting of toluene (Fisher) Triton K-100 (KPI), and Scintiprep I (Fisher) 190: 
99:8 (v/v/v), were added to determine radioactivity with a Beckman LS-250 Liquid 
Scintillation counter (33% efficiency). 

Hormone binding. Bound progesterone was quantitated in samples after inhibitor 
treatment using the charcoal adsorption method (2). The assay tubes contained 
0.1 ml receptor sample (plus labeled progesterone), 0.1 ml ovalbumin (1 mg) and 
0.1 ml Barbital buffer. Parallel tubes containing 0.1 pg unlabeled progesterone 
were included forbackground determinations. The background tubes were incubated 
for 1 h at 35' to allow exchange of bound ['HIprogesterone for unlabeled hormone. 
Five-tenths ml charcoal suspension (0.25% charcoal, 0.025% dextran in Barbital 
buffer) was added to each tube for 5 min at 4". After centrifugation, the 
radioactivity of bound progesterone was measured in the supernatants. 

RESULTS 

The inhibitory effect of 5 mM pyridoxal 5'-phosphate on binding of the 

progesterone receptor to ATP-Sepharose is illustrated in Fig. 1. The elution 

profile of the control sample is as reported previously (l-3). The first peak 

represents unbound [3H]progesterone, whereas over 80% of the receptor complex is 

bound to the affinity column and then eluted with 1 M KCl. Pyridoxal 5'-phos- 

phate almost completely abolished receptor binding to the column which could be 

accounted for by an increase of [3H]progesterone inthe first peak (flow-through). 

Since the progesterone receptor is unstable at elevated temperature, all treat- 

ments were performed at 4". Under these conditions, the effects of pyridoxal 

5'-phospate occur gradually and, for convenience, the receptor preparations were 

incubated overnight (18 h). During this time period, the receptor activity was 
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Fig. 1. The effect of 5 mM pyridoxal 5'-phosphate onthe binding of pro- 
gesterone receptor to ATP-Sepharose. The receptor sample was prepared and 
labeled with [ HIprogesterone as described in Materials and Methods. A 
portion of this was treated with 5 mM pyridoxal 5'-phosphate for 18 h at 

4" and the treated (W) and untreated (C--+3) samples were fractionated 
on ATP-Sepharose. In the untreated sample, the first column peak represents 
primarily unbound hormone, whereas the bound receptor complex is eluted with 
1 M KC1 (1,Z). The amount of receptor complex was equal in both groups as 
determined by charcoal adsorption assay. 

Fig. 2. The effect of different concentrations of pyridoxal 5'-phosphate 
on the proge terone-receptor complex and its binding to ATP-Sepharose. 
Samples of [ 3 HIprogesterone-receptor complex were treated with pyridoxal 
5'-phosphate and the extent of ATP-Sepharose binding (O--+) was measured 
as illustrated in Fig. 1. The total progesterone binding activity (M) 
was also measured in a portion of each sample by the charcoal adsorption 
method. A sample without pyridoxal 5'-phosphate treatment served as the 
control. 

stable and the effects of the inhibitor were complete. Fig. 2 illustrates the 

concentration dependency of pyridoxal 5'-phosphate inhibition. The inhibition 

is half-maximal at 0.5 mM pyridoxal 5'-phosphate and is complete at 2.5 mM. At 

these concentrations of inhibitor, the progesterone-receptor complex remains 

intact (Fig. 2). However, higher concentrations have been found to reduce 
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hormone binding and this effect is more obvious when pyridoxal 5’-phosphate is 

included prior to hormone addition (results not shown). 

The inhibition of ATP binding by progesterone receptor was specific for 

pyridoxal 5'-phosphate (Table 1). Four other related compounds, pyridoxal, 

pyridoxine, pyridoxamine 5'-phosphate and pyridoxamine, did not have a signifi- 

cant inhibitory effect on ATP binding even at a high concentration of 5 mu. 

In other systems, it has been demonstrated that pyridoxal 5'-phosphate 

reacts with amino groups of proteins through Schiff base formation which is 

easily reversed by the addition of excess primary amines (6-9). This is also 

true of the present system where the addition of 100 mM Tris-HCl (pH 8) aboli- 

shed the inhibition caused by pyridoxal 5'-phosphate (Fig. 3). However, when 

the reducing agent, NaBH4 was added prior to the Tris, the Tris could not 

reverse the inhibition of ATP binding. In separate experiments, NaBH4 alone was 

found to have no effect on the steroid-receptor complex or on ATP binding by 

receptor. These observations indicate the existence of a Schiff base between 

the receptor and pyridoxal 5'-phosphate which is converted to a more stable co- 

valent bond through the action of NaBH&. 

DISCUSSION 

The results presented above demonstrate that the binding ability of the 

avian progesterone receptor to ATP-Sepharose can be inactivated by pyridoxal 

5'-phosphate, presumably through the reversible formation of a Schiff base. 

Since the related compounds, pyridoxal, pyridoxine, pyridoxamine and pyridoxa- 

mine 5'-phosphate, are not inhibitory, both the aldehyde and the phosphate 

groups seem to be required for the inactivation. Although the mechanism of 

inhibition is not clearly defined in the present report, it is likely that pyri- 

doxal 5'-phosphate is bound to a critical lysine or arginine amino acid at the 

nucleotide binding site of the receptor. Pyridoxal 5'-phosphate has recently 

been used as a specific chemical modifer of e-aminolysyl residues of several 

proteins. These include a variety of nucleotide-binding proteins such as fruc- 

tose 1,6-diphosphatase (lo), pyruvate kinase (9), RNA polymerases (6-g), and 
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TABLE 1. 

The effect of pyridoxal 5'-phosphate and related 
compounds on the binding of progesterone receptor 
to ATP-Sepharose 

Additive (5mM) 

Control 

Pyridoxal 5'-phosphate 

ATP-Sepharose bound 
% of control 

100 

1 

Pyridoxal 82 

Pyridoxine 93 

Pyridoxamine 94 

Pyridoxamine 5'-phosphate 80 

some DNA polymerases (11). 

It is likely that pyridoxal 5'-phosphate would be an effective inhibitor 

in other steroid-receptor systems. This is indicated by a recent preliminary 

report by Litwack and Cake (12). These investigators have observed an inhibi- 

tory effect of pyridoxal 5'-phosphate on the binding of glucocorticoid receptor 

to DNA-cellulose. 

Although the possible role of ATP binding in a function of the proges- 

terone receptor has not been clearly established, its involvement in an enzyma- 

tic activity of the receptor has been indicated. A recent report from this 

laboratory showed that highly purified preparations of progesterone receptor 

contain an ATP-pyrophosphate exchange activity (13), and the possibility that 

this relates to a nucleotidyl transferase activity has been discussed. Pyri- 

doxal 5'-phosphate should be a very useful agent in further characterization of 

the nucleotide binding site. It may be applied both as a reversible inhibitor 

of the binding process and as an irreversible affinity label of this site on the 

receptor. 
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Fig. 3. The effect of Tris and NaBH4 on the inhibition of receptor by 
pyridoxal 5'-phosphate. A receptor sample (plus labeled progesterone) was 
incubated with 5 mM pyridoxal 5'-phosphate for 18 h at 4". NaBH4 ( 5 mM) 
was added to half of the receptor preparation for 15 min, 4". Both samples 
were then dialyzed for 1 h against Barbital buffer and combined with Tris- 
HCl (pH 8, 100 mM final concentration) for 2 h, 4". They were then fractiona- 
ted on ATP-Sepharose. A sample with no additives served as the control. 
Only the L M KC1 elution profiles are illustrated: control, o--O; plus 
pyridoxal 5'-phosphate, NaBH4, then Tris, U; plus pyridoxal 5'-phosphate 
and then Tris (no NaBH4), (A---A). 
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