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A B S T RA C T Androgen-binding protein (ABP) has
been found in the cytosol of testicular and epidid-
ymal homogenates of several sub-primate species.
In those species which had the plasma androgen bind-
ing protein, testosterone-estradiol-binding globulin
(TeBG), ABP and TeBG were found to be physically
similar. We investigated the possibility that ABP
might exist in monkey and man using the cytosol
of testicular and epididymal homogenates and aspirates
obtained by direct microptinetuire of the rete testis.
In polyacrylamide gel electrophoresis, pH 7.8, testic-
ular and epididymal cytosols of monkey and man were
found to contain several binding proteins of different
size and net charge that bind dihydrotestosterone.
These binding proteins were either indistinguishable
from TeBG or could be related to TeBG as size and/
or charge isomers. No ABP was detectable in up to
200 ,ul of monkey rete testis fluid obtained by direct
microptunettire, tlhouighi ABP is detectable in as little
as 5 ,ld of rat rete testis fluid. The data suggest
that the ABP's detected in the testicular and epi-
didymal cytosols in monkey and man represent
isomeric forms of plasma TeBG, and their presence
in testicular cytosol most likely derives from blood
contamination.

INTRODUCTION

An androgen-binding protein (ABP)l has been shown
to exist in the testis and epididymis of the rat,
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'Abbreviationis used in thlis pap)er: ABP, androgen-binding
protein; DHT, dihydrotestosteroine; IFPA, isoelectric foctis-

rabbit, bull, and ram (1). In the rat and rabbit it
appears that ABP is produced in the testis and se-
creted into the epididymnis via the dictuili efferenites
(2, 3). This protein was shown to be heat: stable at 500C,
to bind dihydrotestosterone (DHT) with high affinity
(Kd = 5.5 nmol/liter) and to have a mol wt of 86,000-
91,000 (4, 5). These properties also characterize a
plasma ABP, testosterone-estradiol-binding globulin
(TeBG), that does not occur in the rat but does oc-
cur in most other speices, including man (6). When
rat ABP and human TeBG (4) or rabbit ABP and
rabbit TeBG (7) have been compared, marked
similarity has been noted.

ABPin primates has not been previously described.
Man and monkey both have TeBG, complicating the
demonstration of a testicular or epididymal ABP in
these species. In addition, limited availability of human
material has made extensive study difficult. This
paper presents evidence suggesting that a testicular
ABP, separate from plasma TeBG, does not exist
in man and rhesus monkey.

In this paper, ABP refers to any protein(s) in the
testis and/or epididymis capable of binding DHT, and
TeBG refers to the plasma protein that binds DHT.

METHODS
Sources and Preparation of ABP. Adult human testis

and/or epididymis specimens were obtained by orchiectomy,
surgical biopsy, or autopsy. The diagnoses and the time
between surgery or death and analysis are shown in Table
I. Plasma was obtained by venipuncture from five normal
subjects. Adult rhesus monkeys weighing approximately 10
kg were aniesthetized with sodiuimil penitothall, anid uinilaterlit
orchiectomy was performed. Sexually mature Sprague-

inig in polyacrylatmide gel; PAGE, polyacrylamide gel electro-
phoresis; %C, percenitage of cross-Iinlking; %T, percentage of
total gel conicentration; RTF, rete testis fluiid; TeBG, testos-
terone-estradiol binding globulin.
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TABLE I
Clinical Features of Patients

Ellipse nuimiiber

Tiimie betveen l)iopsyPatienit Testis Epididynsis Age Histologic diagnosis or catise of death or death anid analysis

yr hI
W. D. 6 7 55 Pulmonary embolus 14
H. J. ND ND 71 Alcoholic liver disease 24
W. B. 2 X 62 Arterisclerotic cardiovascular disease <1
R. J. 8 X 24 Bilateral cystic degeneration of vas deferens <1
A. B. 9 X 18 Viral encephalitis 6
M.M. loa

job 11 66 Scrotal carcinoma <1
A. M. 5 X 77 Prostatic carcinoma <1
R. S. 3 4 25 Seminoma <1
W. S. ND ND 27 Sertoli cell only syndrome <1

"X" indicates that the tissue was not analyzed.

Dawley rats were anesthetized with ether, and bilateral
orchiectomy was performed.

Tissues were immediately placed in 10 mMTris-chloride
buffer, pH 7.4. The procedure of Ritz6n et al. at 0°C (4)
was used to prepare samples for electrophoresis. The pro-
tein concentration of the cytosol was determined with al-
bumin as standard by the method of Lowry et al. (8).
To remove endogenous steroid (9, 10) and precipitate
androgen cytosol receptors (11, 12), dry charcoal (Norit
A, American Norit Co., Jacksonville, Fla.) (1 mg/mg of protein)
was added to the cytosol, and was allowed to incubate
overnight at 4°C. This procedure removes 99.5% of [3H]-
DHT from the cytosol. The charcoal was removed by three
centrifugations at 10,000 g for 10 min. The resulting super-
natant was divided into aliquots corresponding to 400 ,g
of protein, preincubated with approximately 100,000 cpm
(800 pg) of [1,2,-3H]dihydrotestosterone (17,8-hydroxy-5a-
androstan-3-one) ([3H]DHT) (sp act 44 Ci/mmol) for 1 h at
40C, and analyzed.

Metabolism of [3H]DHT by cytosol. To determine
the amount of conversion of DHT to 5a-androstanediol
(5a-androstan-3a,17,f-diol or 5a-androstan-3,f,17,-diol) dur-
ing the incubation procedure, 106 cpm of [3H]DHT was
incubated at 40C with 100 ,u of testicular cytosol. At 1, 2, 3, 4,
5, and 6 h, 10 Al of cytosol was removed, diluted to 500
,ul with Tris-chloride buffer, pH 7.4, and extracted twice
with 5 vol of ether. The ether extracts were pooled and
dried under a stream of air in a 300C water bath. The
residue was taken up in 100 ,lI of methanol and applied
to a precoated thin-layer plate (silica gel F 254, 0.25
mm, Merck AG, Inc., Darmstadt, W. Germany). The plates
were developed in benzene:ethyl acetate::1:9. 1-cm sec-
tions of the silica gel were loosened with a razor blade
and aspirated by vacuum into a Pasteur pipette plugged
with glass wool. The radioactivity was eluted with 4 ml of
methanol, dried and redissolved in 1 ml of methanol,
and counted in 10 ml of LSC complete scintillation fluid
(Yorktown Research Inc., S. Hackensack, N. J.). The Rf
of DHT and 5a-androstanediol standards were 0.722 and
0.611, respectively.

The relative amount of the 3a and 3,8 isomers of 5a-
androstanediol produced during the incubation was deter-
mined by adding [3H]5a-androstanediol (11,000 cpm),
produced by 5 h of incubation, to 3,500 cpm of [14C]-
5a-androstan-3,8,17f3-diol, prepared by reduction of [14C]DHT

with potassium borohydride (13). This mixture was then
crystallized to constant isotopic ratio with authentic 5a-
androstan-3,8,17,8-diol.

Polyacrylamide gel electrophoresis (PAGE). Analytical
PAGE was performed at 0°C in gels of 6-14% total gel
concentration (%T), 2% cross-linking of methylene-bis-
acrylamide (%C), with multiphasic buffer system D, pH 7.8,
as previously described (14, 15). Stacking gels of 3.125
%T, 20 %C were used. The "front" was marked with
bromphenol blue. For determining the apparent Kd and
binding capacity, [3H]DHT was added to the polymeriza-
tion mixture to a final concentration of 15 nM for the stack-
ing and 2 nM for the resolving gels as described by Wed-
dington et al. (3).

Gels were sliced into 1±0.2 mmsections (16), placed
into 10 ml of LSC complete scintillation fluid, and counted
in a liquid scintillation counter.

Relative mobility (Rf) of labeled protein was calculated
as the ratio of the migration distances of the peak of radio-
activity and the "front". Retardationi coefficient (KR), y-
intercept on the Fergusoni plot (Y0,), anid the joinlt 95%
confidence envelopes of KR-YO were computed as de-
scribed (15, 17). The envelopes plotted semiiilogarith-
mically appear as ellipses (designated as "KR-Y0) ellipses"),
the centroids of which represent the experimentally deter-
mined size (KR) and net charge (Y0) of the given proteini.
The envelope circumscribes the values of K, anid Y( that
a molecule can assume with 95% confidence. Non-overlap
of any two ellipses implies that two molecules ar-e dis-
tinguishable with P < 0.05. Nonoverlapping ellipses aligined
along the "KR abscissa" describe molecules with differenit
size but the same net charge density. They are desig-
nated as "size isomers" (18). Ellipses aligned along the Y0
ordinate represent molecules of the same size but different
net charge. These are designated as "charge isomers" (18).
The values of geometric mean radius and molecular weight
(mol wt), derived from KR, and of valence (net protons
per molecule), derived from Y0 and geometric meani radius,
were computed as described previously (15, 17).

The reproducibility of the KR-YO ellipses was determined
by reanalysis of 10 specimens. The ellipses produced on
the reanalysis were indistinguishable from the original
ellipses in nine cases. Thus, there is a 10% chance that
nonoverlap is due to interassay variation.

Isoelectric focusing in polyacrylanuide gel (IFPA). Iso-
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electric focusing was performed as previously described (19),
with the following modifications. An apparatus designed for
IFPA was used (20). IFPA was performed at 4°C and 22°C.
Ampholine (LKB Produkter, Bromma, Sweden) at a final
concentration of 1% in the pI' ranges 3-10, 4-6, and 5-7
was employed. Gel concentrations for IFPA were selected
by arbitrarily setting %T at a value providing mechanical
stability (6 %T). The %Cwas increased until an Rf = 1.0
for TeBG was obtained (20). A gel concentration of 6 %T,
30 %Cwas selected on this basis. Since the highly cross-
linked gels exhibited poor wall adherence properties, tubes
were coated with 1% Gelamide 250 (American Cyana-
mide Co., Linden, N. J.) and supported with dialysis
membrane (21). Hemoglobin (pl' 7.05) and bovine serum
albumin (pl' 4.8) with bound bromphenol blue were used
as pl' markers. A focusing time of 2 h was selected as the
minimal time at which a constant pI' value was reached.
The lower electrolyte was 4.5% phosphoric acid and the
upper electrolyte was 0.4% ethylenediamine. Gels were sliced
as in PAGE and the slices suspended for 18 h in 0.02 M
KC1 before pH determinations were made. 10 ml of scintil-
lation fluid was added to the suspensions and the radio-
activity was measured as above.

Determination of apparent dissociation constant and
binding capacity by steady-state PAGE (22) (Scatchard-
type analysis). The apparent dissociation constant (Kd)
and binding capacity were determined in duplicate by
Scatchard-type analysis by the procedure of Ritzen et al.
(22). This procedure allows analysis of Kd and binding
capacity of the specific protein(s) of interest. Charcoal-
extracted supematants were loaded onto gels polymerized
in the presence of [3H]DHT. The samples were incubated
with variable amounts of nonradioactive DHT. At the steady
state, the amount of [3H]DHT bound is proportional to the
area under the peak and the amount free is proportional to the
area of the base of the peak. Areas were determined by
computer. The amount free calculated in this manner did
not differ from that calculated as described by Ritze'n et al.
(22).

Binding specificity studies performed in PAGE. For deter-
mination of the steroid-binding specificity, gels of 10 %T, 2
%Cwere used and peak areas calculated by computer. 400
,g of plasma or testicular cytosol protein was incubated
with 5 nM [3H]DHT with and without 1,000-fold molar
excess of a nonradioactive competing steroid. The "relative
displaceability" of the steroid was calculated as follows:
%displaceability = [(A - B)IA] x 100, where A is peak area
of cytosol (or plasma) incubated with [3H]DHT; and B is
peak area of cytosol (or plasma) incubated with [3H]DHT
and 1,000-fold molar excess of competing steroid. The ability
of each steroid to displace [3H]DHT from cytosol of plasma
binding proteins was performed in quadruplicate and com-
pared to nonradioactive DHTwith Student's t test.

Collection of intratubular fluid by micropuncture. Male
Sprague-Dawley rats, weighing from 300 to 350 g, were anes-
thetized with 100 mg/kg body wt of sodium 5-ethyl-5(1-
methyl propyl)-2-thiobarbiturate (Inactin, Promonta, Ham-
burg, W. Germany) injected intraperitoneally. Micropipettes
were prepared as previously described (23). The pipette
tips were sharpened to a final diameter of 120-150 IuM.

The testis and epididymis were approached through a
scrotal incision and were bathed with water-equilibrated
mineral oil to prevent surface dehydration. The tunica al-
buginea and epididymal capsule were slit to expose the
tubules for micropuncture. Under 10-20x magnification,
with a Nikon stereo zoom microscope (Nikon Inc., Instrument
Group, Garden City, N. Y.), the micropipette was guided into
the tubule with a Leitz micromanipulator (E. Leitz, Inc.,
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FIGURE 1 Metabolism of DHT to 5a-androstanediol.
Human testicular cytosol is incubated with [3H]DHT and the
percent of total counts converted to [3H]5a-androstanediol
each hour is determined by thin layer chromatography
(benzene:ethyl acetate::1:9).

Rockleigh, N. J.). A small drop of water-equilibrated mineral
oil colored with Sudan black was injected to confirm the
intraluminal location of the tip. Samples of 150-300 nl were
aspirated from the seminiferous tubules and proximal epidid-
ymis, pooled, and stored under oil at 0°C until analyzed.
In those animals from which rete testis fluid was collected,
the ductuli efferentes were ligated 2 h before micropunc-
ture of the rete testis. Individual samples of 0.5-30 ,ul
were obtained and treated as outlined above. Intraluminal
aspirates were centrifuged at 13,000 g for 15 min in a micro-
capillary centrifuge (Intemational Model MB, Damon/IEC,
Needham Heights, Mass.). The supematant was diluted in
100 vol of 10 mMTris-chloride buffer, pH 7.4.

Collection of monkey rete testis fluid (RTF). A modifica-
tion of the procedure as described by Waites and Einer-
Jensen was used (24). The testis and epididymis were ex-
posed through a suprapubic incision under sterile condi-
tions. The ductuli efferentes were identified and ligated,
with care to avoid injury to the adjoining veins. The testis
and epididymis were replaced in the scrotum and the incision
was closed. 24 h later the animals were reanesthetized,
the testis and epididymis were exposed, a 27-gauge needle
was inserted through the capsule, and RTF was withdrawn
without blood contamination. To exclude the possibility that
the aspirated fluid was lymph, each sample was examined
under light microscopy and found to have motile sperm too
numerous to count. No red blood cells were visible in any
of the aspirates. The aspirates were diluted with 10 vol
of 10 mMTris-chloride buffer pH 7.4, incubated with char-
coal, and treated as cytosol. Appproximately 400 ,mg of RTF
protein was added to each gel. A 200-,iA aliquot of RTF was
not diluted or exposed to charcoal, and applied directly
to the gel.

RESULTS

A high-affinity binding protein for DHTwas found in
the cytosol of human, monkey, and rat testis and epidi-
dymis and in the fluid obtained by micropuncture of
rat seminiferous tubules, rete testis, and caput epi-
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FIGURE 2 joinlt 95% conifideniee envelopes off KR and YO
in PAGE (pH 7.8) for himiilan TeBG obtained friom five
niormllal suhIjects.

didvmis. In all cases, the low-affinity, high-capacity
binding proteini, albuminiii, was recognized 1v its chiar-
acteristic Rf in PAGEanld nieglected for the puirposes
of the study. No binidinig of [3H]DHT was detected
in the rete testis fluiid of the thiree monkeys.
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Metabolism of DHT to androstanediol by
cytosol
The perceint conversioni of DHTto 5a-androstanediol

1)w testictular cytosol increased linearly witlh time (Fig.
1). Unider the coniditionis of the iiicubationls (1 h),
the coinversioin wias less thla 4%. If the time of
electroplhoresis is inceluded (90-120 min), the coni-
v ersioni is approximately 10%. The Sa-androstainediol
thuis prodtuced was composed of hoth the 3/3 (66%)
and 3a (34% isomers. The recovery of radioactivity
was 92%.

Disctinction between human ABPand TeBG
PAGE. The physical properties of size (KR) anid net

charge (Ye,) of lhuani TeBG's from five normnal subjects
were comnpared. The KR-Y() ellipses derived for the
single plasmna DHT-binding protein in thiese sulbjects
overlal), suiggesting the homogeneity of TeBG (Fig. 2).
They al]so coincide witlh those ohtained lw Corvol
et al. (14).

13 tisstues fromn 9 patients were ainialyzed (Table
I). Huiman ABP was fouind in 10 tissuies from
7 of the patients. The KR-Yo ellipses derived from
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Kit x 102

FIGURE 3 Joint 95% confidence envelopes of KR and Y0 in PAGE (pH 7.8) for human
ABP (numbers correspond to Table I). A. Testicular ABP's; shaded ellipses are size
isomers; B. testicUlar ABP's; shaded ellipses are charge isomers; C. epididymal ABP's;
D. epididymal and testicular ABP's from R. S. (3 and 4), W. D. (6 and 7), and M. M. (lOa,
lOb, and 11).
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TABLE II
Apparent Dissociation Constant and Binding

Capacity in Steady-State PAGE

Kd (±SD) Binding capacity

nM/liter pmol/mg protein

HumanABP 0.86±0.24 0.26
HumanTeBG 1.82±0.38 1.20

the Ferguson plots of these tissues are shown in
Fig. 3. It is seen that: (a) four testicular species
are distinct (ellipses 3, 6, 8, and lOb) and four testicular
species are indistinguishable from each other (ellipses
2, 5, 9, and lOa) (Fig. 3a); (b) five testicular species
are related to each other as size isomers (3, 5, 6, 9,
lOa) and seven species are related to each other as two
sets of charge isomers (2, 3, lOb and 5, 8, 9, 10a)
(Fig. 3a and b); (c) two of the three epididymal
species overlap (4, 7) (Fig. 3c); (d) in the three
patients from whomboth testis and epididymis speci-
mens were obtained, the ABP's are distinct in the two
tissues (3 and 4; 6 and 7; 10a and 11). All species
in these three patients can be related to each other
as either charge or size isomers (Fig. 3d); (e) when
all epididymal and testicular species are compared
to TeBG (not shown), three species are indistinguisha-
ble from TeBG (4, 5, 9) and seven are distinguishable
(2, 3, 6, 7, 8, lOa, lOb). In a small testis biopsy
from a patient with Sertoli Cell only syndrome (W.S.)
(200 mgtissue, wet wt) and one testis and epididymis
specimen (H.J., stored for 24 h before analysis), ABP
could not be detected.

To test the possible effect of the preparative process
on human TeBG, rat testes were injected by multiple
pucture with a 27-gauge needle, in vivo, with 1 ml of
human plasma/testis. After 2 h the rats were sacrificed
and a testicular cytosol was prepared. Simuiltaneous
Ferguson plots run on the cytosol-containing plasma
and on the plasma alone showed no change in the
"native" human TeBG ellipse.

IFPA. Huiman TeBGand two human ABP species,
one distinct from TeBG and the other indistinguisha-
ble from TeBG on the basis of ellipse criteria, were
compared by IFPA. TeBG exhibited two isoelectric
species, with pl's (mean+SD) of 6.1+0.4 and 3.9+0.7
(n = 32). Both ABP preparations exhibited the pl'
of 3.9 but the species indistinguishable from TeBG in
PAGE did not reveal the second pl' of 6.1, while
the species distinguishable from TeBGhad both pl's.

Scatchard-type analysis. Pooled testis superna-
tants were compared to human TeBG by Scatchard-
type analysis in steady-state PAGE. There was no
significant difference (P > 0.10) between ABP and
TeBGon the basis of dissociation constants. However,

binding capacity per milligram of protein was approxi-
mately five times higher for hTeBG (Table II).

Steroid specificity. The mean±SD effect of 1,000-
fold molar excess of DHT, testosterone, 17,/-estra-
diol, progesterone, 17a-hydroxyprogesterone, de-
hydroepiandrosterone, dehydroepiandrosterone sul-
fate, androstenedione, and cortisol in displacing [3H]-
DHT from either plasma (TeBG) or cytosol (ABP) is
shown in Fig. 4. Under the conditions of this study,
these binding proteins cannot be distinguished by a
difference in displaceability of [3H]DHT by any of the
steorids tested (P > 0.05).

Distinction of monkeyABPand TeBGin PAGE

Testis and epididymis homogenates from two
monkeys were compared to TeBG by ellipse critiera
(Fig. 5). It is seen that: (a) the ABP's from the two
epididymis extracts (1 and 5) are indistinguishable;
(b) the testis estract ABP's (2 and 4) are distinguish-
able, but the two species can be related to one
another as charge isomers; (c) binding proteins from
sertum and epididymis extracts yield indistingtuishable
ellipses; (d) the species derived from testes are smaller
than those derived from either serum or epididymis,
with species 4 being a size isomer of species 1, 3,
and 5.

Detection of ABPby micropuncture in rat and
monkey
Between five and eight times more protein was

necessary to detect rat ABP in the seminiferous
tubules when compared to caput epididymis and rete

MTeBG ABP

u T DHT E2 PROG170HP DHA DHA-S A F

FIGURE 4 The mean-+SD displacement of [3H]DHT from
testicular ABP and plasma TeBG by 1,000-fold molar excess
of DHT, testosterone (T), 17,8-estradiol (E2), progesterone
(PROG), 17a-hydroxyprogesterone (170HP), dehydroepi-
androsterone (DHA), dehydroepiandrosterone (A), and corti-
sol (F).
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FIGURE 5 Joint 95% confidence envelopes of KR and Y0
in PAGE (pH 7.8) for monkey ABP for testis (2, 4) and
epididymis (1, 5), and for monkey TeBG (3).

testis (Table III). Rat ABP was detected in 0.3
,lI (67 ,ug) of caput epididymis fluid.

40, 50, and 400 Al of blood-free RTF were obtained
from three adult rhesus monkeys. Blood-contaminated
fluid was obtained in an additional three monkeys. The
mean±SDprotein concentration of monkey RTFwas 9
±3 mg/ml. There was no detectable ABP in any of the
monkey RTF samples. In one experiment, 200 ,ul
of RTF (1.8 mg of protein) undiluted by buffer
was examined for the presence of ABP and none
was found.

Physical distinction between rat epididymal
ABPand TeBG in PAGE
Rat epididymal ABP obtained by both micropunc-

ture and tissue homogenization and TeBG are distin-

4.0 r-
3.0 F

I

2.0 [-

1.0

0.8

0.6 F
4.0 5.0 6.0 7.0

Krx 10
8.0 9.0 10.0 11.0

FIGURE 6 Joint 95% confidence envelopes of KR and Y0
in PAGE, system D, pH 7.8, 0°C for ABP in cytosol of
rat epididymal homogenate (1), and ABP from sperm-free
fluid obtained by epididymal micropuncture (2). The KR-
Y0 envelope for human TeBG for a normal man (3) is
included for comparison.

TABLE III
Minimum Total Protein and Volume of Sperm-Free

Fluid for Detection of Rat ABP

Protein Total
Source concentration Volume protein

mg/mi ,ugg

Seminiferous tubule 52 7 364
Rete testis 9 5 45
Caput epididymis 225 0.3 67

guishable by the critera of nonoverlapping 95% con-
fidence envelopes of KR and Y0 in PAGE (Fig. 6).
Parameters of molecular weight and net charge for
both proteins derived from KR and Y0 are indicated
in Table IV.

DISCUSSION

Human ABP. Previous analysis by PAGE2 recog-
nized only a single binding protein component in the
testis of nonprimates, indistinguishable from TeBG
(4, 7, 25). In contrast, using PAGE at a pH of 7.8,
0WC, and a wide range of gel concentrations, we
were able to recognize, in both monkey and human,
multiple species of DHT-binding proteins (which
appear related to each other as size and charge iso-
mers) but only one species of human and monkey
TeBG.

Five of eight of the testicular proteins appear to be
members of an oligomeric series characterized by a
commonmolecular net charge (y-intercept)3 and seven
of eight of the testicular proteins are related to each
other as two sets of charge isomers. Such isomerism is
not surprising in view of the frequency of ligand
gain or loss or hydrolytic reactions such as deamida-
tion.

The cause of such heterogeneity is unclear. It
does not appear to be due to variable tissue histories
and storage times, since this polymorphism was also
present with monkey ABPobtained under uniform con-
ditions and analyzed without delay. Furthermore,
in the three patients where both testis and epididymis
were available for analysis, the ABP's from the two
tissues were different by the criteria of PAGE (Fig.
3). Each individual patient's tissues were obtained
under identical conditions. Thus, only one (if any)

2 PAGEconditions were: pH 10.2 at 0°C (corresponding
to the setting of pH 8.9 at 25°C in the Tris-glycine buffer
system) and gels of 5.2 and 8.2% total gel concentration
(3% cross-linking).

3 To assess the significance of a common y-intercept, a
random assortment of 11 standard proteins was tested by
the same criteria. Such isomerism was found with three
proteins.
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TABLE IV
Physical Characteristics of Rat ABPand Human TeBG in PAGE

Material KR x 102 Y0 Radius Mol wt* V'aleince

net p)rfotonls

HumanTeBG 7.2±0.3t 1.2+0.06 3.0 94,100 -5.6
Rat epididymis (homogenate) 8.4±0.4 2.1+0.16 3.4 133,800 -4.8
Rat epididymis (micropuncture) 9.7±0.6 2.6±0.41 3.8 184.300 -15.9

* Molecular weight estimates are based on the following standard proteins in \fkR vs.
3V mol-wt (15). Soybean trypsin I (22,700); ovalbumin (43,500); bovine serum albumin-
monomer (67,000); transferrin (290,000); bacitracin (1,411); ferritin (450,000); glucagon
(3,485).
t Mean±1 SD.

of the binding proteins could be intact TeBG in a
given patient. Finally, since the size or charge of human
TeBG are not changed dulring the preparation and
analysis of rat testicular cytosol, it is not likely that
the human ABPpolymorphismii is ain artifact of the tech-
nique.

In attempting to differentiate htuman ABPand TeBG
on the basis of other physicoclhemiiical parameters, we
were unable to separate them reliably on the basis
of different isoelectric poinlts, steroid specificities,
or dissociation constants. With respect to the last
parameter, conversioni of DHT to either the 3a or
3,8 isomer of Sa-androstanediol is 10%or less under the
experimental conditions. The 3,l metabolite does not
bind to ABP (unpublislhed data), and is not a biologi-
cally active androgen. Thus, the minimal conversion
of DHT does not alter the interpretation that the
Kd's of human ABP and TeBG are indistinguishable.

Monkey ABP. The results obtaiined from analysis of
monkey testis and epididymis are similar to those
found in htumans. However, by a modification of the
Waites techniquie, it was possible to obtain blood-free
fluid from the rete testis. In all three monkeys
where this was accomplished, ABPwas not detectable,
whereas ABP was detectable in rat RTF uinder similar
experimental conditions and in considerably smaller
volumes. The detection of ABP in the cytosol of the
same monkeys' testes but not in their RTF stuggests
that what is being analyzed and called ABP is really
TeBG in variouis stages of degradation.

Rat ABP. The data shoow that ABP from the rat
and TeBG from a htumain can be physically differenti-
ated by the PAGEsystem ais described above. Rat ABP
has a mean molectular raditus of 3.4 inm and a mol
wt of 133,800 while TeBG hals a raditus of 3.0 nm
aind a mol wt of 94,100. The valuies for TeBG agree
with those fouind by Corvol et al. (14) but the valtues
for rat ABP differ fi-om those previouisly reported (4,
5) because fewer gel concenitrationis were uised to coni-
struict the Fergtuson plot (and prestumiably fewer pro-

teins were uised to constrtuct the staindard curve for
calctulating mol wt and raditus) thani were employed
in this sttudy.

Does ABP exist in primanates? W1hile there is no
doubt that ABP exists in the rat (a species that lacks
TeBG), it wotuld appear that in primiiates, ABP can-
not be found as a molectule distinguishable from
TeBG. What is fouind in huimani and monkey cytosol
is a family of size and clharge isomiiers that bind DHT
but are indistinguishable fromii TeBG oni the basis of
other physicochemical parameters. Furthermore,
ABP is not detectable in monkey RTF. The
possibility still exists, however, that huwimaina or mnonkey
ABP may exist withlini the seminiiferouis tubules anid
be (a) degraded before eniterinig the rete testis; or
(b) transported via extratubular meanis to the epidi-
dymis. These possibilities seemi less tenable in view%
of the detection of ABP in the rat seminliferotus
tubule, rete testis, and epididymis. Just as extrapolat-
ing findings in the rat to miiani is lhazardotus, siilarii
cauition must be takeni wvhen data in the monkey
is applied to miian. ThITis, the absence of ABP in
monkey RTF does niot totally exclutde the possi-
bilitv of its presenice in imani.
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