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Summary-A steroid binding protein has been extracted from Pseudomonas testosteroni membranes with 
an organic solvent system. This protection binds some Cl9 and C21 steroids but not Cl8 steroids. When 
this protein is incorporated into synthetic lipid vesicles constructed from P. testosteroni phospholipids, 
the vesicles perform concentrative uptake of testosterone in the presence of the ionophore valinomycin. 
This steroid binding protein is thus believed to be the steroid permease of this organism. 

INTRODUCTION 

Studies on transport processes in bacteria have 
mainly centred on characterizing the intact system in 
membrane vesicles prepared from the organism or in 
spheroplasts and intact cells. To further study the 
transport systems in depth, especially at a molecular 
level, it would be helpful if they could be extracted, 
their subcomponents purified and characterized, and 
then reconstituted in a synthetic system. There has 
been some success in this area lately in terms of using 
detergent extraction to isolate the lactose transport 
system from Escherichia coli [ 1, 21, an alanine carrier 
from Bacillus subtilis [3] and a proline carrier from 
Mycobacterium phlei [4]. A proline carrier was also 
extracted from E. coli with an organic solvent [5]. 
These were all shown to be transport systems for the 
respective substrates by being able to concentrate the 
substrate in synthetic phospholipid vesicles under the 
imposition of a potential gradient across the vesicle 
membrane. 

The dicarboxylic acid transport system of E. coli 
was extracted with detergents and purified by affinity 
chromatography [6]. This sytem was characterized as 
consisting of two proteins which spanned the mem- 
brane with a substrate binding site on either side of 
the membrane. These proteins were shown to be 
transport proteins by their incorporation into rat 
myoblast and L-cell membranes which subsequently 
performed dicarboxylic acid transport which they 
had not done previously [7]. 

Pseudomonas testosteroni is a gram-negative bacte- 
rium capable of growing on certain Cl9 and C21 
steroids in the absence of other suitable carbon 
sources. A steroid transport sytem has been identified 
in membrane vesicles prepared from this organism [8] 
and involves the 38 and 17/?-hydroxysteroid dehy- 
drogenase and the electron transport chain [9,10]. 

Steroid binding proteins have been located in the 
periplasmic space between the cytoplasmic mem- 
brane and the cell wall in the cell envelope of this 
organism [l 11. Steroid binding proteins have also 
been found in loose association with the membrane 
vesicles [12-141. Conventional classification of trans- 
port systems in bacteria is of the opinion that those 
systems which have periplasmic substrate binding 
proteins are sensitive to osmotic shock (which re- 
leases the periplasmic binding proteins) and do not 
survive in membrane vesicles. The steroid transport 
system of P. testosteroni is unusual in this respect 
because although this organism possesses a peri- 
plasmic steroid-binding protein, a steroid transport 
system does survive in membrane vesicles [8]. There 
is a precedent for this, however, since the dicarboxylic 
acid transport system of E. coli does have a peri- 
plasmic dicarboxylate binding protein and a trans- 
port system is found in isolated membrane vesicles 

[61. 
To further study the steroid transport system of P. 

testosteroni we have attempted to isolate such a 
system from P. testosteroni membranes with an or- 
ganic solvent and to reinsert it into synthetic phos- 
pholipid vesicles to examine steroid transport under 
the imposition of an artificial membrane potential. 
This paper reports the results of these studies. 

EXPERIMENTAL 

Organism 

Pseudomonas testosteroni, ATCC 11996, was ob- 
tained from American Type Culture Collection, 
Rockville, Md. 

Chemicals 

Radioactive steroids, [‘4C]amino acid labelling 
mixture, and 1, 4-bis(2(5-phenyloxazolyl)) benzene 
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(POPOP) were obtained from New England Nuclear, 
Boston, Mass., and unlabelled steroids from Ster- 
aloids Inc., Wilton, N. H. Ready-solv liquid scintil- 
lation cocktail was obtained from Beckman Instru- 
ments, Fullerton, Calif. ~linomycin, protease 
(Pronase E) and phenylmethylsulfonyl fluoride 
(PMSF) were purchased from Sigma Chemical Co., 
St Louis, MO., and 2,5-diphenyloxazole (PPO) from 
Fisher Scientific Co., Fairlawn, N.J. 

Yeast extract medium supplemented with inor- 

ganic salts has been described previously [I I]. Min- 
imal medium contained per litre: ammonium dihy- 

drogen phosphate, 1 .O g; diammonium hydrogen 
phosphate, 1 .O g; potassium dihydrogen phosphate, 
2.0 g; magnesium sulfate heptahydrate, 0.2 g; sodium 
chloride, 0.01 g; 0.1 N sulfuric acid. 0.1 ml; zinc sul- 
fate heptahydrate; 5 mg; manganese sulfate mono- 

hydrate, 4 mg; copper sulfate pentahydrate, 0.5 mg; 
and distilled water, 1000 ml. 

Growth qf cells and prepurution (?f’rnembrune extracts 

Cells of P. t~stoste~o~~i were grown in yeast extract 
medium for 12 h and harvested by centrifugation [S]. 
The cells were then washed in 30mM potassium 
phosphate buffer, pH 7.0, and resuspended in the 
original culture volume of minimal medium supple- 
mented with 0.5 g per 1 of testosterone and incubated 
for 16 h on a rotary shaker. The cells were then 
harvested by centrifugation. 

In radiolabelling experiments the washed cells were 
incubated in minimal salts medium for 3 h to starve 
them. Testosterone was then added at a concen- 
tration of 0.5 g per 1 to induce the steroid transport 
system. Three h later 2 FCi [‘4C]amino acid labelling 
mixture was added per I of culture and the cells were 
harvested by centrifugation after a further 7 h 
growth. 

The harvested cells were washed twice in 30 mM 
potassium phosphate buffer, pH 7.0, suspended in 
this same buffer (1 g/3 ml) and broken by sonication. 
The broken cell suspension was centrifuged at 
10,000 g for I 5 min to remove unbroken cells and the 
supernatant was further centrifuged at 110,OOOg for 
1 h to precipitate the membranes. 

To extract the steroid transport system the tech- 
nique used was that reported by Amanuma and 
co-workers to extract the proline carrier from E. coli 
membranes [S]. The membrane pellet was washed 
twice with 30mM potassium phosphate buffer, 
pH 7.0, and resuspended in distilled water (40-50 mg 
membrane/ml). To the membrane suspension was 
added 0.6 vol of n-butanol and 0.22 vol of pyridine 
adjusted to pH 4.3 with glacial acetic acid and the 
mixture was stirred for 40 mm at 20-C. The mixture 
was then centrifuged at 24,OOOg for 15min and the 
butanol layer was removed, brought to dryness in a 
rotary evaporator at 30°C and stored in cucuo at 4°C 
until further use. 

Phosphohpids from whole cells of P. testosteroni 
grown on testosterone were extracted by the method 
of Folch [Is]. 

Preparution qf synthetic lipid wsicles 

Synthetic lipid vesicles were constructed using the 
butanol-pyridine acetate extract and phospholipids 
extracted from P. testosteroni. The method was based 
on that reported by Amanuma et al. [5]. P. testos- 
teroni phospholipids (80 mmol, as organic phosphate) 
and I mg of extracted and dried membrane protein 
were each placed separately in I ml of 0.1 M potas- 
sium phosphate buffer, pH 8.0, containing 0.1 M 
sodium chloride and sonicated in a bath type soni- 
cator (Bransonic 12) for 1 min. The dispersed sus- 
pensions were then mixed together and sonicated for 
a further 2min. The mixture was centrifuged at 
5,OOOg for 10 min to remove large aggregates and the 
milky supernatant was centrifuged at 110,OOOg for 
90min to precipitate the potassium loaded vesicles. 
The pellet was washed with 2 ml of 0.2 M sodium 
chloride (adjusted to pH 8.0) with 10mM sodium 
phosphate buffer and resuspended in 2ml of this 
same sodium chloride solution. The suspension of 
synthetic vesicles was assayed immediately for steroid 

uptake. 

Assu_ys and analyses 

The assay for steroid uptake by the synthetic 
liposomes was as follows. The reaction mixture con- 
tained in 50~1: 20~1 of synthetic vesicles, 20~1 of 
0.2 M sodium chloride and 173 pmol of radioactive 
steroid (635 dpm/pmol). 

The reaction mixture was incubated for 3 min at 
25’C. Then 0.5 nmol of valinomycin in 5 ~1 of SO’>/, 

ethanol was added. At indicated times the reaction 
mixture was diluted with Sml of 0.2M sodium 
chloride and filtered through 0.45 p cellulose acetate 
membrane filters (Amicon, Lexington, Mass.) which 
were subsequently washed with another S ml of 0.2 M 
sodium chloride. The filters were dried and placed in 
1Oml of PPO-POPOP scintillation cocktail and 
counted in a liquid scjntiilation spectrophotometer. 

To assay for steroid-binding activity in the 

butanol-pyridine acetate extract the dried extract was 
dispersed by sonication in 10 mM potassium phos- 
phate buffer, pH 6.0, containing 207; glycerol and 
0. 1 :< deoxycholate. The suspension was centrifuged 
at 10,000~ to remove solids and 1 ml samples of the 
supernatant were placed in dialysis bags and subjec- 
ted to equilibrium dialysis. The samples were dialyzed 
for 20 h against a 15 ml solution of 10 mM potassium 
phosphate, pH 6.0, containing 207” glycerol, 0. 17: 

deoxycholate, 5pCi of radioactive and 1 pg of un- 
labelled steroid. After dialysis 0.2 ml of the material 
inside and outside the bag was dissolved in 10 ml of 
Ready-solv and counted in a liquid scintillation spec- 
trophotometer. The difference between the counts 
inside and outside the bags was the amount of 
binding obtained. 
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Table 1. Binding of steroids by the 
butanepyridine acetate extracted steroid 

binding activity* 

Binding activity 
Steroid (pmol/mg protein) 

C 19 steroids: 
Testosterone 62.2 
Androstenedione 39.8 

C21 steroids: 
Corticosterone 0 
Progesterone 49.8 

C I8 steroids: 
Estradiol-I7fi 0 

*Binding assays were performed on the 
dried extract which had been re- 
solubilized by sonication in 1OmM po- 
tassium phosphate buffer containing 
20% glycerol and 0.1% deoxycholate as 
outlined in Experimental. 

Lipid concentration was determined as organic 
phosphate by the method reported by Ames and 
Dubin [16]. Protein was assayed by the Coomassie 
blue technique reported by Bradford [17] using bo- 
vine serum albumin as a standard. SDS-gel electro- 
phoresis was performed by the technique of Laemmli 
[18]. Gels were stained with silver nitrate [ 191. 

For protease treatment, the butanol-pyridine ace- 
tate extract was solubilized in 10mM potassium 
phosphate buffer, pH 7.0 containing 20% glycerol 
and 0.1% deoxycholate. Then 5Opg of Protease was 
added per mg of membrane protein for 10min at 
25°C. The reaction was terminated by adding the 
enzyme inhibitor, PMSF, to a final concentration of 
0.1 mM and the solution was then assayed for bind- 
ing activity in the presence of 0.1 mM PMSF. Con- 
trols for steroid binding by the protease were per- 
formed by treating samples of protease alone in the 
above manner and assaying for binding activity. 

RESULTS 

Steroid binding activity in the butanol-pyridine acetate 
extract 

When the dried extract was solubilized in 1OmM 
potassium phosphate buffer containing 20% glycerol 
and 0.1% deoxycholate there was some steroid bind- 
ing activity present. This activity bound the Cl9 
steroids andostenedione and testosterone and the 
C21 steroid progesterone (Table 1). It did not bind 
the Cl8 steroid estradiol or the C21 steroid corti- 
costerone. Binding of testosterone was saturable and 
from a Scatchard plot of binding at different testos- 
terone concentrations and affinity constant, Kd, was 
calculated to be 6.35 nM (Fig. 1). Binding of radio- 
labelled testosterone was displaced by excess un- 
labelled testosterone but only partially (60%) de- 
stroyed by treatment with protease. 

Incorporation of binding activity into liposomes 

Liposomes constructed from P. testosteroni lipids 
and the butanol-pyridine acetate extract were first 

tested for intactness by examining them in hypotonic 
solution under phase contrast microscopy. The lipo- 
somes were observed to increase in size as they 
absorbed water until they burst indicating that they 
were, in fact, intact entitites. 

Electron microscopy of the synthetic liposomes 
revealed structures of two types: multilamellar struc- 
tures which were very large (Fig. 2a) and small 
vesicles which showed double track membranes in 
thin sections and in freeze fractures showed protein 
studs protruding from off the inner track of the 
membrane (Fig. 2b). 

Steroid uptake by liposomes 

Assays of steroid uptake by the synthetic liposomes 
in the presence of the ionophore valinomycin showed 
that testosterone was taken up but not an- 
drostenedine. Uptake reached a maximum at 30 s and 
then declined (Fig. 3). Uptake was dependent upon 
the presence of liposomes containing the 
butanol-pyridine extract from cells of P. testosteroni 
grown on testosterone. It was also dependent on the 
presence of potassium phosphate inside the vesicles 
and the ionophore valinomycin. There was no uptake 
if the vesicles were preloaded with sodium phosphate 
instead of potassium phosphate. 

Composition of the butanol-pyridine acetate extract 

The organic solvent extract contained both protein 
and lipid and reproducible electrophoretic results 
could not be obtained unless the lipids were removed. 
This could be achieved by passing the concentrated 
extract through a small (1 .O x 20 cm column of Sep- 
hadex G-25 equilibrated with 30mM potassium 
phosphate buffer, pH 6.0, containing 20% glycerol 
and 0.1% deoxycholate. The proteins were not re- 
tained by the column and were eluted in the void 
volume while the lipids were retarded by the column. 
SDS-gel electrophoresis of the protein fraction re- 
vealed the presence of six major protein bands 
(Fig. 4). A comparison of the banding pattern in the 
extracts of induced vs uninduced cells showed that 
two protein bands were present in the induced cells 

BOUND (pmollmg protein) 

Fig. 1. A Scatchard plot of testosterone binding by 
buranol-pyridine acetate extract resolubilized in 10 mM 
potassium phosphate buffer, pH 6.0, containing 20% glyc- 
erol and O.l’A deoxycholate. The coefficient of correlation 

was 0.15. 
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Fig. 2. Electron micrographs of freeze fracture preparations of synthetic vesicles constructed from the 
butanol-pyridine acetate extract and P. resrosteroni phospholipids. A: A large multilamellar vesicle 
(x 32,000). B: A smaller vesicle showing protein studs extending from the inner linid laver of the 

membrane 

which were absent in the uninduced cells. These 

x 80,000. . 
. ~ 

protein bands had molecular weights of 56,000 and 
45,000. 

Adding [‘4C]amino acids labelling mixture to cells 
growing on testosterone allowed incorporation of the 
label into the cell membrane fraction (Table 2) and 
some of this could be traced to the butanollpyridine 

0 IO 20 30 40 55 

TIME beconds) 

Fig. 3. Testosterone uptake by the synthetic lipid vesicles in 
the presence of valinomycin. The conditions for the uptake 

assay are outlined in Experimental. 

acetate extract. Passage of the extract through the 
Sephadex G-25 column removed virtually all the 
radioactivity from the protein fraction indicating that 
the label was present in lipid rather than in protein. 
By washing the total extract with chloroform- 
methanol (2: I, v/v) to remove lipids the label was 
removed into the organic wash. Thin layer chro- 
matography of this wash fraction with lipid standards 

revealed that the radioactivity was present in phos- 
phatidylethanolamine. This was further confirmed by 
extracting the radioactive spot and subjecting it and 
an authentic sample of phosphatidylethanolamine to 
hydrolysis. The hydrolysis products were identical in 
their migratory behavior on thin layer chro- 
matography in different solvent systems. It was thus 
concluded that the radioactive label had been incor- 
porated into the ethanolamine moiety of the phos- 
phatidylethanolamine molecule. 

DECUSSION 

A steroid transport system has been extracted from 

P. testosteroni membranes and incorporated into 
synthetic lipid vesicles constructed from the phos- 
pholipids of this same organism. Uptake is dependent 
upon the presence of vesicles constructed from the 
butanol-pyridine acetate extract and preloaded with 
potassium phosphate, the ionophore valinomycin 
and the substrate testosterone. Since only testos- 
terone is transported this must be the transport 
system specific for this steroid. The ionophore va- 
linomycin is believed to function by causing leakage 
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Fig. 4. SDS-gel electrophoresis of the proteins present in the 
butanol-pyridine acetate extract of P. testosteroni tnem- 
branes after elution from the Sephadex G-25 column. 
Electrophoresis was performed by the technique of Laemmli 
using 12% arcylamide gels which were subsequently stained 
with silver nitrate. Lane A: the extract of induced cells; Lane 
B: the extract of uninduced cells grown in the absence of 
testosterone. The arrows indicate the protein hands present 

in the induced cell membranes only. 

Trivial and sytematic nomenclature of steroids: Testos- 
terone: 17B-hydroxy-4-androsten-3-one. Androstenedione: 
4-androstene-3, 17-dione. Corticosterone: 21-hydroxy-4- 
pregne-3,20-dione. Progesterone: 4-pregnene-3,20-dione. 

Estradiol 17: 1,3,5 (IO)-estratriene-3, 17fi-diol. 

of potassium ions from inside the vesicles creating a 
membrane potential whereby the insides of the vesi- 
cles are negatively charged with respect to the outside 
of the vesicles. This membrane potential drives the 
uptake of testosterone. 

The uptake process was maximum at 30s after 
which time the uptake ability was quickly lost. This 
is probably due to dissipation of the membrane 
potential as the concentration of potassium equili- 
brated across the membrane of the liposomes. It is 
unlikely that this is a binding rather than an uptake 
process since it is inhibited by the presence of sodium 
instead of potassium inside the liposomes. Because 
valinomycin is not an effective ionophore for sodium, 

Table 2. Distribution of [‘@tmino acid label in cell culture and 
subcellular fractions 

Fraction* 

Cell culture 
Culture supernatant 
Cells only 
Cell disruption: 
Membrane fraction 
High speed centrifugation: 
Membrane pellet 
Supernatant 
Butanol pyrindine extract 

Total cpm/l of culture 

2.4 x IO6 
5 X 105 

1.9 X 106 

5 X 10s 

2x 10s 
3x 105 

of membrane pellet 1.4 X 10s 

*The steps and procedures used to generate the culture and sub- 
cellular fractions are as explained in Experimental. 

a membrane potential is not created under these 
conditions and testosterone uptake is not achieved. 

The steroid-binding activity present in the 
butanol-pyridine acetate extract bound testosterone 
with high affinity. Protease destruction of binding 
indicates that the binding activity is, at least partially, 

composed of protein. It is unusual that protease 
treatment did not destroy all the binding since the 
activity of other soluble steroid binding proteins from 

P. testosteroni is totally destroyed under identical 
conditions (unreported results). However, since the 
extract contains lipids, these may partially protect the 

proteins from protease attack. 
Since the steroid transport system was present in 

the extract of cells grown on testosterone but absent 
in that of uninduced cells, one of the two additional 
protein bands present in the induced extract may be 
the steroid permease or both protein bands may work 

together to perform this function. Either possibility is 
feasible since while the lactose permease of E. coli is 
one protein species [1], that of the dicarboxylate 
transport system in E. coli is composed of two 
different proteins [6,7]. 

Using the [‘4C]amino acid labelling mixture to 
incorporate radioactivity into the membrane proteins 
did result in labelling of the membrane faction. 
However, the majority of the radiolabel was present 
in phosphatidylethanolamine of the lipid component 
of the membrane and is probably due to direct 
incorporation of serine into phosphatidylserine which 

is the precursors of both phosphatidylethanolamine 
and phosphatidylcholine. Therefore, these latter two 
lipids should have been labelled also. However, since 
phosphatoadylethanolamine is the major lipid in this 
Pseudomonas species it is not unusual for the label to 
be concentrated in this lipid molecule. 

The steroid transport system extracted by the 
organic solvent system appears to be specific for 
testosterone since androstenedione is not trans- 
ported. That system present in isolated membrane 
vesicles of P. testosteroni transports testosterone but 
not androstenedione [9] which is the intravesicular 
steroid [9]. It has been proposed that in the mem- 
brane vesicle system, during the transport process, 
testosterone is converted to androstenedione by the 
38 and 17fi-hydroxysteroid dehydrogenase which has 
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been localized on the cytoplasmic membrane [20]. organic solvent. Biochem. hirtph,w Bes. Commun. 74 

The electrons derived from this reaction are passed (1977) 366373. 

down the electron transport chain via reoxidation of 
NADH by NADH dehydrogenase with the sub- 
sequent extrusion of protons thereby providing a 
membrane potential which would drive the transport 
process. Since the 3fi and t7p-hydroxysteroid dehy- 
drogenase is located on the external vesicle surface, 
and androstenedione is the intravesicular steroid, this 
must be the form in which the steroid is transported. 
It is possible that there is more than one steroid 
transport system operating by different mechanisms 
in P. testosteroni and that which survives in isolated 
membrane vesicles is different from the one extracted 
by the organic solvent system. 

6. 

7. 

Lo T: C. Y. and Bewick M. A.: The molecular mech- 
anism of decarboxylic acid transport in &cherichia co/i 
K 12. The role and orientation of the two membrane 
bound decarboxylate binding proteins. J. hiol. Chmz. 
253 (1978) 78267831. 

There are steroid binding proteins loosely associ- 
ated with the cytoplasmic membrane of P. testos- 

teroni [ 12- 141 and these have different specificities for 
different steroids. Perhaps through their interaction 
with a steroid permease they confer a specificity to 
this molecule. Ames and co-workers have identified a 
membrane component of the histidine and arginine 
transport systems of Salmonella typhimurium which 
interacts with the periplasmic binding proteins for 
these substrates and apparently achieves substrate 
specificity by this interaction [Zl, 221. An analogous 
condition may be operative in the steroid transport 
system of P. testosteroni whereby the membrane- 
assocaited steroid binding proteins may change the 
specificity of the steroid transport protein. Experi- 
ments are currently underway to investigate this 
possibility. 

~ck~5~ie~gemeni-This investigation was supported by 
grant MT4425 from the Medical Resarch Council of Can- 
ada, Ottawa, Canada. 

REFERENCES 

I. Newman M. J., Foster D. L., Wilson T. H. and Kaback 
H. R.: Purification and reconstitution of functional 
lactose carrier from Escherichiu co/i. 1. biol. them. 256 
(1981) 118~li8OS. 

2. Newman M. J. and Wilson T. H.: Solubili~ation and 
reconstitution of the lactose transport system from 
Escherichia coli. J. bioi. Chem. 255 (1980) 10583-10586. 

3. Kusaka 1. and Kanai K.: Purification and character- 
ization of alanine carrier isolated from H-protein of 
Bacitius subtilis. Eur. J. Biochem. 83 (1978) 307-311. 

4. Lee S-H., Cohen N. S., Jacobs A. J. and Brodie A. F.: 
Isolation, purification and reconstitution of a proline 
carrier protein from Mycobacterdum phlei. Biochemistry. 
18 (1979) 2332-2238. 

5. Amanuma H., Motojima K., Yamaguchi A. and 
Anraku Y.: Soiubiiization of a functionally active pro- 
line carrier from membranes of Eschrrichia coli with an 

8. 

9. 

IO. 

11. 

12. 

13. 

14. 

1.5. 

16. 

17. 

1s. 

19. 

20. 

21. 

22. 

Lo T. C. Y. and Bewick M. A.: The transfer of a 
bacterial transmembmne function to eukaryotic cells. 1. 
biot. Gem. 254 (1979) 591-594. 
Watanabe M. and PO. L.: Testosterone uptake by 
membrane vesicles of Pseudomonas testosteroni. Bio- 
chim. biophys. A&a. 345 (1974) 419429. 
Watanabe M. and PO. L.: Membrane bound 38 and 
17/i_hydroxysteroid dehydrogenase and its role in ste- 
roid transport in membrane vesicles of Pseudomonas 
testosteroni. J. steroid Biochem. 10 (I 976) 17 I- 175. 
Lefebvre Y., PO L. and Watanabe M.: The involvement 
of the electron transport chain in uptake of testosterone 
by membrane vesicles of P.Teudot~o~za.~ testo.~~eroni. J. 
steroid Bioehem. 7 (I 976) 867-868. 
Watanabe M., Phillips K. and Chen T.: Steroid receptor 
in Pseudomonas testosteroni released by osmotic shock. 
J. steroid Biochem. 4 (1973) 613-621. 
Francis M. and Watanabe M.: Membrane-associated 
steroid-binding proteins of Pseudomonas restosreroni 
Can. 1. Microbial. 27 (1981) 129Q-1297. 
Francis M. and Watanabe M.: Partial purification and 
characterization of a membrane-associated steroid- 
binding protein from ~~eli~~rn#n~~~ i~s~o.~~e~~ni. Can. J. 
Biochem 60, (1982) 789-803. 
Francis M. and Watanabe M.: Purification and charac- 
terization of a membrane associated testosterone- 
binding protein from Pseudomonas iestosteroni. Can. J. 
Biochem. Cell Biol. 61 (1983) 307-312. 
Folch J., Lees M. and Stanley 0. H. S.: A simple 
method for the isolation and purification of total lipids 
from animal tissues. J. him’. Chcm. 226, (1957) 497---509. 
Ames B. N. and Dubin D. T.: The role of polyamines 
in the neutralization of bacteriophage deoxyribonucleic 
acid. J. bioi. C’hem. 235 f 1960) 769-775. 
Bradford M.: A rapid and sensitive method for the 
quantitation of microgram quantitites of protein utiliz- 
ing the principle of protein-dye binding. Analyt. Bio- 
&em. 72 (1976) 248-254. 
Laemmli U. K.: Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nuture 
227 (1970) 680-685. 
Wray W., Boulikas T., Wray V. P. and Hancock R.: 
Silver staining of proteins in polyacrylamide gels. 
Ani&. B~o~he~n. 118 (1981) 197-203. 
Lefebvre Y. A., Schultz R., Gorman E. V. and Wa- 
tanabe M.: Localization of 38 and 17/I-hydroxysteroid 
dehydrogenase in Pseudomonas testosteroni, J. steroid 
Biochem. 10 (1979) 5233528. 
Ames G. F.-L. and Spudich E. N.: Protein-protein 
interaction in transport: periplasmic histidine-binding 
protein J interacts with P protein. Roe. natn. Acad, Sci. 
U.S.A. 73 (1976) 1877-1881. 
Ames G. F.-L. and Nikaido K.: rdenti~cation of a 
membrane protein as a histidine transport component in 
Salmonef~a t.yphimurjun?. Proc. nafn. Acad. Sci. U.S.A. 
75 (1978) 5447-545 I 


