
BIOLOGY OF REPRODUCTION 37, 13 5-146 (1987)

135

Rete Testis Fluid (RTF) Proteins:

Purification and Characterization of RTF Albumin1

MICHAEL K. SKINNER,2’3 LYN DEAN,4

KATHY KARMALLY,4 and IRVING B. FRITZ4

Department of Pharmacology3

Vanderbilt University

School of Medicine

Nashville, Tennessee 3 7232

Banting and Best4

Department of Medical Research

University of Toronto

Toronto, Ontario

Canada M5G 1L6

ABSTRACT

A major 68-kDa protein in ram rete testis fluid (RTF) is shown to be chemically and immunologically indis-

tinguishable from albumin in ovine serum. Data obtained with two-dimensional gel electrophoresis of RTF

demonstrate the presence of additional proteins with a molecular mass of 68 kDa that do not react with antisera

against sheep serum albumin. Biochemical characteristics of albumin preparations isolated by immunoaffinity

chromatography from ovine serum and from RTF were compared. Albumin from both sources had the same

apparent molecular mass of 68 kDa, the same isoelectric point of approximately 4.2, and neither

bound specifically to Concanavalin A. Analysis of tryp tic pep tide maps, obtained with reverse-phase high-

pressure liquid chromatography, indicated no significant differences between digests of the two purified albumin

preparations. Results indicate that RTF albumin and serum albumin are the same protein, which implies that

RTF albumin may originate from serum. Albumin levels in RTF, collected from different rams and measured by

radioimmunoassay, varied between 46 and 164 pg/mI, constituting between 11 and 17% of total RTF protein,

while albumin levels in sheep plasma were 40,000 pg/mI. The protein composition of RTF is discussed in

relation to the relative amounts of various components contributed by testis cells and the amounts derived from

serum.

INTRODUCTION

During mammalian spermatogenesis, spermatozoa

are released into the lumen of the seminiferous tubule

in the presence of testicular fluids. Sperm and fluids

are then transported to the rete testis and hence to

the head of the epididymis via efferent ducts. Rete

testis fluid (RTF), collected from conscious rams by

inserting a catheter through the efferent ducts into

the extratesticular rete (Vogimayr et al., 1966),

contains components secreted by various classes

of testicular cells and by rete testis epithelial
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cells (Setchell, 1974; Waites, 1977; Waites and

Gladwell, 1982). RTF also appears to contain

components that are derived from serum. The

ionic, carbohydrate, and amino acid composition

of RTF have been well characterized (for reviews,

see Setchell, 1970, 1978; Waites and Gladwe!!, 1982).

These components provide the chemical environment

in which spermatozoa are maintained prior to their

transport to the epididymis.

Protein levels in RTF are about 100 times

less than those in plasma (Setchell and Wallace,

1972). Although the presence of many protein

bands has been detected by electrophoresis of

RTF (Koskimies and Kormano, 1973; Wright

et al., 1981), only a few proteins have been

identified and characterized. Clusterin has recently

been shown to comprise approximately 15%
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of the protein in ram RTF (Blaschuk et al., 1983;

Blaschuk and Fritz, 1984; Fritz et al., 1984). Among

other proteins in RTF, many are reported to have the

same electrophoretic mobilities as those in plasma

(Koskimies and Kormano, 1973; Wright et a!.,

1981). Transferrin, produced and secreted by Sertoli

cells (Skinner and Griswold, 1980), is present in RTF

(Sylvester and Griswold, 1984). An albumin-like band

that stains intensely with Coomassie Brilliant Blue

has been estimated by microdensitometric analysis

to represent 41% of total protein in rat serum and

14% of total protein in rat RTF (Koskimies

and Kormano, 1973).
Some of the proteins in ram RTF have been shown

to originate primarily from testicular or rete cells.

This is thought to be the case for clusterin, since both

Sertoli cells and rete cells can synthesize this protein,

and clusterin levels in plasma are far lower than those

in RTF (Blaschuk et a!., 1983; Fritz et a!., 1984;

Tung and Fritz, 1985). A major secretory protein of

rat Sertoli cells and epididymal cells, named “dimeric

acidic glycoprotein,” has been characterized and

associated with the surface of spermatozoa (Sylvester

et al., 1984). This protein and clusterin share many of

the same chemical properties and may be homologous.

Other proteins produced by Serto!i cells that are

present in RTF include transferrin and androgen-

binding protein.

Aside from these proteins released by testicular

cells, additional proteins in RTF could be derived

from the passage of proteins from plasma and lymph

into the rete. Previously, Everett and Simmons (1958)

injected labeled serum albumin, and determined

radioautographic localization of labeled material in

the testis. Mancini et al. (1965) presented data

indicating that labeled serum albumin penetrated the

seminiferous tubule. However, Christensen et a!.

(1985) observed, with careful immunocytochemical

techniques, the absence of detectable albumin in rat

seminiferous tubule fluid. On the other hand, 125J

labeled albumin, administered systemically has been

reported to penetrate the rete testis slowly, as meas-

ured by the appearance of labeled material in ram and

rat rete testis fluid (Setchell and Wallace, 1972).

However, the ‘251-labeled moiety measured could

have included material other than albumin, since the

labeled material counted in RTF was not isolated or

shown to be identical with albumin. Unfortunately,

these data fail to allow unambiguous interpreta-

tion, but they suggest that albumin can penetrate the

rete testis.

As indicated previously, RTF has been reported to

contain protein(s) with a molecular mass of 68 kDa

(Waites and Gladwell, 1982). In this communication,

we present data indicating that the 68 kDa band in

RTF contains more than one species of protein.

Among the proteins in this band, one has chemical

characteristics indistinguishable from those of ovine

serum albumin. Results to be reported demonstrate

that this RTF albumin comprises between 11 and

17% of total proteins in ram RTF and is most probably

derived exclusively from serum.

Rete Testis Fluid

MATERIALS AND METHODS

Different samples of ram rete testis fluid were

generously provided by Dr. M. Courot (Nouzilly,

France), Dr. B. Setchell (Adelaide, Australia); and Dr.

J. K. Voglmayr (Melbourne, FL). Free flow fluid was

collected from conscious adult rams by methods

previously described (Voglmayr et a!., 1966). Fluid

was frozen, shipped on dry ice, and kept at -20#{176}C

until use. Samples were transferred to buffers

containing benzamide and pheny!methylsulfanyl

fluoride (PMSF) upon use.

Electrophoresis

Electrophoretic analysis of protein was performed

using 5 to 15% polyacrylamide gradient slab gels with

the Laemmli sodium dodecyl sulfate (SDS)-buffer

system (Laemmli, 1970). All samples were reduced

with 13-mercaptoethanol and heated at 95#{176}Cfor 10

mm prior to electrophoresis. The procedure of

O’Farrell (1975) was used for two-dimensional gel

electrophoresis. Gels not blotted to nitrocellulose

were stained with Coomassie Brilliant Blue.

Immuno blotting

Transfer of protein to nitrocellulose following

electrophoresis was accomplished by laying the SDS

gel on a strip of nitrocellulose, both having been

soaked in transfer buffer, and applying a constant

voltage of 6V overnight. The transfer buffer contained

150 mM glycine, 20 mM tris(hydroxymethyl)amino-

methane (Tris) base and 20% methanol (Towbin et

a!., 1979). Immediately after the transfer, nitro-
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cellulose strips were either stained with 0.1% amido

black in 45% methanol: 10% acetic acid or reacted

with antibodies for an immunoblot. To immunoblot

the proteins bound to nitrocellulose, the strips were

soaked for 15 mm each in two changes of Tris-

buffered saline (TBS: 10 mM Tris, 150 mM NaCI,

pH 7.5) followed by a 15-mm incubation in TBS plus

10% calf serum. The first antibody was added to fresh

TBS plus 10% calf serum to a final dilution of 1:50

and incubated at room temperature for 1 h and then

overnight at 4#{176}C.The strip was washed twice for 20

mm in TBS, 15 mm in TBS with 0.5% triton X-100,

and then for 10 mm in TBS. The second antibody,

labeled with 1251 using the chloramine T method, was

added to 15 ml of TBS plus 10% calf serum and

incubated with the strip at room temperature for 4 h;

then it was washed, as above, to remove unreacted

antibody. The immunoblotted nitrocellulose strip was

air-dried and applied to preflashed Kodak X-Omat

x-ray film for autoradiography.

Albumin Purification

For isolation of albumin from ram rete testis fluid

or sheep serum, the dialyzed supernatant from a 50%

saturated ammonium sulfate precipitation was added

to an anti-sheep albumin affinity gel suspension and

rotated end-over-end overnight at 4#{176}C.Rabbit anti-

sheep albumin immunoglobulin G (IgG, Cappel Lab.,

West Chester, PA) and coupled to cyanogen bromide-

activated Sepharose 4B as previously described (Skin-

ner et a!., 1984). The gel suspension was poured into a

column and washed with 2 column volumes of each of

the following buffers: A) 50 mM Tris, 0.5 M NaCl,

pH 7.5; B) 50 mM sodium acetate, 0.5 M NaC1, pH

4.0; C) 50 mM glycine, 0.5 M NaCl, pH 2.5. Purified

material from both serum and RTF was eluted in the

wash at pH 2.5. The pH 2.5 eluent was collected,

dialyzed for 48 h at 4#{176}C,lyophi!ized, and re-

constituted in a small volume of 10 mM Tris, pH 7.5.

Chromatofocusing and Conconavalin A

Chromatography

Purified albumin was iodinated with 1251, using the

chloramine T procedure as previously described

(Skinner and Griswold, 1982), for chromatofocusing

and conconavalin A chromatographic analysis.

Chromatofocusing utilized 10 ml of a po!ybuffer

exchanger gel (PBE-94, Pharmacia Fine Chemicals,

Piscataway, NJ) equilibrated with 10 column volumes

of 25 mM imidazole, pH 7.0. Before addition of

iodinated albumin, one-half column-volume of the

first eluent buffer (polybuffer 74, diluted 1: 11,

degassed and adjusted to pH 4.0) was allowed to pass

through the column. The sample was applied to the

column and eluted with 10 column volumes of the

pH 4.0 polybuffer, followed by elution with 10-

column volumes of polybuffer 74 (diluted 1:11 and

degassed) adjusted to pH 3.0. Fractions (5 ml) were

collected and the radioactivity in each was measured

with a gamma counter, and the pH of each was

determined with a pH meter.

Conconavalin A (Sigma Chemical Co., St. Louis,

MO) chromatography utilized a 10-ml column

equilibrated in 50 mM Tris, 0.5 M NaC1, pH 7.5. The

sample was applied to the column and eluted with 5

column volumes of the equilibration buffer before

elution with 0.1 M a-rnethylmannoside, 50 mM Tris,

0.5 M NaC1, pH 7.5. Fractions, 2 ml, were analyzed

for radioactivity with a gamma counter.

High-Pressure Liquid Chromatography

(HPLC) Pep tide Mapping

Peptide mapping of purified RTF and serum

albumin utilized reverse-phase HPLC on a Brownlee
Aquapore C8 column with a Beckman gradient HPLC

apparatus (Skinner et a!., 1984). Purified protein, 100

jig, was reduced with 1% i3-mercaptoethanol for 4 h at

room temperature and then lyophilized. Reduced

protein was reconstituted in 100 p1 of 10 mM Tris,

150 mM NaCl, pH 7.5, and incubated in the presence

of 5 �g of tosylphenylchloroketone-treated trypsin

(Sigma Chemical Co.) for 12 h at 37#{176}C.The sample

was then applied to the HPLC column equilibrated in

15 mM phosphoric acid, pH 3.0, and the peptides

were eluted with a 100-mm linear gradient to 30%

acetonitrile (Burdick and Jackson) in 15 mM phos-

phoric acid, pH 3.0. Peptide elution was monitored at

both 214 nm and 280 nm.

Albumin Radioimmunoassay

Levels of albumin in RTF were determined by a

radioimmunoassay using sheep albumin and rabbit

anti-sheep albumin (Cappel Lab.) with a procedure

previously described (Skinner and Griswold, 1982).

Samples were incubated at 37#{176}Cfor 1 h with 30,000

cpm iodinated albumin and sheep albumin antibody

(1:27,000 final dilution) in buffer containing 2.5

mg/rn! gelatin, 50 mM Tris, 0.15 M NaC1, pH 7.5, and

1 mM ethylenediaminetetraacetate (EDTA) in 1.8 ml

volume. Goat anti-rabbit immunoglobulin (Sigma
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Chemical Co.), 200 p1, was then added (1:1500 final

dilution) and incubated at 37#{176}Cfor 1 h. One ml of

polyethylene glycol buffer (132 mg/mi polyethylene

glycol 4000 in 50 mM Tris, pH 7.5) was then added

and incubated at room temperature for 15 mm.

Samples were centrifuged at 2000 X g for 2 h at 4#{176}C,

and the amount of radioiodinated albumin in the

pellet was determined. The radioimmunoassay was

linear in the range from 10 to 250 ng albumin, and

had a 10% coefficient of variation. Levels of albumin

in RTF were normalized per mg of total protein

determined with a modified Lowrey procedure

(Hartree, 1972).

RESULTS

After electrophoretic separation of serum and RTF

proteins on SDS gels, the proteins were transferred to

nitrocellu!ose and stained (Fig. 1C, D). As expected,

C�)

0

0

68-

4

B

the major protein in serum was a 68-kDa albumin

band. The major band in RTF was also a 68-kDa

protein (Fig. 1D). An immunoblot of both serum and

RTF demonstrated that the 68-kDa protein in RTF

was immunologically similar to serum albumin (Fig.

1A, B). Additional stained bands were observed

primarily in the serum sample (Fig. 1B). This could

be due to nonspecific binding to denatured proteins

from the electrophoretic conditions or nonspecific

binding of the second antibody. Under more stringent

buffer, incubation, and loading conditions, only a

68-kDa band was detected, as shown in Figure 2.

Two-dimensional gel electrophoresis was used to

determine if more than one 68-kDa protein was

present in RTF. A stain of the proteins revealed a

minimum of three 68-kDa bands with overlapping

isoelectric points (Bands a, b, c, Fig. 2A). An im-

munoblot of this two-dimensional gel demonstrated

that, predominately, Band b was detected with the

40-

CD

FiG. 1. Albumin immunoblot of rete testis fluid (RTF, Lane A) and sheep serum (B) on 5 to 15% polyacrylamide gradient SDS gels. A rabbit

anti-sheep albumin was visualized using an iodinated second antibody and autoradiography. Lanes C (serum) and D (RTF) show transferred proteins

stained with amido black.
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FiG. 2. Two-dimensional gel electrophoresis and albumin immunoblot of rete testis fluid. (A) Proteins transferred to nitrocellulose and stained
with amido black. (B) Immunobiot using rabbit anti-sheep albumin and autoradiography. Arrows denote proteins with differential reactivity with

amido black and the immunoblot. Protein bands on the right side of figure are molecular weight markers.
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anti-albumin while Bands a and c had minimal

reactivity (Fig. 2B). These results indicate that RTF

contains a 68-kDa protein that is immunologically

similar to serum albumin and that additional 68-kDa

proteins are also present.

To determine whether the albumin in RTF was a

modified form of serum albumin or possibly a dif-

ferent gene product, albumin was isolated from RTF

and serum for comparison. Immunoaffinity chro-

matography was used to isolate both RTF albumin

and serum albumin, and SDS-gel electrophoresis was

used to assess purity. A Coomassie Brilliant Blue stain

of both RTF and serum are shown in Figure 3A, C.

RTF was found to have major protein staining bands

at 70, 68, 50, 40 and 25 kDa. Immunoaffinity-

purified RTF and serum albumin had a homogeneous

68-kDa band after electrophoresis (Fig. 3B, D). This

purified albumin was used for subsequent biochemical

characterization.

Both RTF albumin and serum albumin were

Cd)

68-� �

4

_ I

A B CD

FIG. 3. Electrophoretic profile of serum and rete testis fluid (RTF)

proteins. Coomassie Brilliant Blue stained 5 to 15% polyacrylamide

gradient-SDS gel of serum (Lane A) and RTF (L.ane C). Immunoaffinity

purified albumin from serum (Lane B) and RTF (Lane D) was eluted
from a rabbit anti-sheep albumin affinity column at pH 2.5.
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FIG. 4. Chromatofocusing of immunoaffinity purified iodinated

albumin from sheep serum (A) and rete testis fluid (B). Fractions

collected were assessed for radioactivity (.), expressed as percent of

maximum cpm 12$ and for pH (A).

iodinated to assist in data analysis of isoelectric point

determination and conconavalin A chromatography.

Chromatofocusing of the iodinated albumin

demonstrated that both RTF and serum albumin have

the same isoeiectric point of approximately 4.2 (Fig.

4). Conconavalin A-affinity chromatography was util-

ized to assess the possible glycoprotein nature of RTF

albumin. Both the RTF and serum albumin eluted in

the void volume of the conconavalin A column with

no detectable specific binding (data not shown). As a

positive control, iodinated serum transferrin was

found to bind specifically to the conconavalin A

column and was eluted with a-methylmannoside

(data not shown). These results indicate that RTF

albumin and serum albumin have the same isoelec-

tric point and no apparent specific binding to

conconavalin A.

A more rigorous comparison of serum albumin and

RTF albumin was made using a tryptic peptide map

analyzed by reverse-phase HPLC. Absorption spectra

at 214 nm revealed approximately 65 different
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different sources was examined and designated RTF

A, RTF B and RTF C. The concentration of albumin

in sheep serum was determined to be approximately

40 mg per ml, which is similar to that previously

reported (Peters, 1975). Levels of albumin in RTF

from different samples ranged from 46 to 164 pg/ml,

constituting 11 to 17% of total RTF protein (Table

1). These results confirm the presence of albumin in

RTF and demonstrate that levels of RTF albumin

ranged between 0.12 and 0.41% of values in serum. In

the establishment and validation of the albumin

radioimmunoassay, it was demonstrated that RTF

and ovine albumin have parallel displacement curves

in the assay (Fig. 7). This information indicates that

the antigen detected in the RTF by the radioim-

munoassay is immunologically similar to ovine

albumin.

To determine the possible presence of additional

serum proteins in RTF, the presence of IgG was

investigated. Immunob!ots of serum and RTF proteins

with rabbit anti-sheep IgG revealed that the same

proteins were detected in both serum and RTF (data

not shown). For unknown reasons, exact amounts

could not be determined reproducibly by radioim-

munoassays with antibodies available against sheep

TABLE 1. Levels of albumin and protein in rete testis fluid (RTF).

tryptic peptides that were similar for both RTF and

serum albumin (Fig. 5). The profiles presented are

representative of a minimum of three separate experi-

ments in which the magnitudes of individual peaks

varied slightly but the same peaks were consistently

present with similar retention times. Analysis at 280
nm also revealed the same peaks, numbered 1 through

8, for both RTF albumin and serum albumin (Fig. 6).

No significant difference between RTF albumin and

serum albumin was detected using this peptide-

mapping analysis. Therefore, factors such as

contaminating proteins and digestion conditions do

not appear as major variables.

The levels of albumin in RTF were determined

with an albumin radioimmunoassay. RTF from three

Sample �zg Albumin/mis �g Protein/mib Albumin/protein (%)

bvaiues for protein are expressed as �g protein/mi RTF.

10 20 30 40 50 60 70 80 90 100

Retention time (mm)

FIG. 5. High-pressure liquid chromatography (HPLC)-tryptic

peptide map of serum albumin (A) and rete testis fluid (RTF) albumin

(B). Peptides were eluted from a CS reverse-phase column with a

100-mm linear gradient to 30% acetonitrile in the presence of 15 nM

phosphoric acid. Peptide elution was monitored at 214 nm and reten-

tion time expressed in mm. Peaks designated M were due to (3-mercap-

toethanol reduction of the proteins prior to digestion with 5% trypsin
(w/w). The profiles presented are selected profiles of similar profiles

from three separate experiments. Numbered peaks were present in all

profiles obtained and were similar between the serum albumin and RTF

albumin.
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E
0:1 N) �j�----�

0 10 20 30 40 50 60 70 80 90 100

Retention time (mm)

FIG. 6. High-pressure liquid chromatography (HPLC)-tryptic
peptide map of serum albumin (A) and rete testis fluid albumin (B),

The same conditions were used as outlined in the legend for Figure 5,
except the peptide elution was monitored at 280 nm.

RTFA 46±4 265 17
RTFB 164±6 1470 11
RTFC 73±4 611 12

aValues for albumin were determined with a radioimmunoassay and

are expressed as �sg albumin/mi RTF and represent the mean ± SEM for

n=5.
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1 10 100

Mg ALBUMIN or p1 RTF

FiG. 7. Albumin radioimmunoassay displacement curves for ovine

albumin (.) or rete testis fluid (RTF, o). The relative percentage bound
125 1-albumin was determined with increasing concentrations of ovine

albumin, expressed as ng albumin, or RTF, expressed as M’ RTF. Values

are the mean of a triplicate determination from a representative experi-

ment that was repeated a minimum of three times with different RTF
preparations. In all experiments, RTF and ovine albumin had parallel

displacement curves.

IgG. However, a minimum of 25 pg/mI IgG was

detected in RTF. Further studies will be required to

determine the biochemical characteristics and exact

quantities of immunogiobulin present in RTF.

DISCUSSION

The biochemical characteristics of the albumin-like

molecule from ram RTF have been compared with

those of sheep serum albumin. In both cases, the

proteins have been isolated by immunoaffinity

chromatography, using antibodies against sheep

serum albumin linked to sepharose. Purified albumin

from serum and RTF each had the same molecular

mass (68 kDa) and isoelectric point (4.2). Chromato-

focusing provides a more accurate measure of the

physiological isoelectric point than two-dimensional

gel electrophoresis. High concentrations of urea (9M)

present during the isoelectric focusing is likely to

alter the apparent p1. We therefore place greater

reliability on the p1 value of 4.2 determined by

chromatofocusing than on the apparent p1 value of

5.3 determined by two-dimensional electrophoresis.

The influence of iodination on the p1 of the albumins

remains to be determined. With either procedure,

however, the p1 value for serum albumin was indis-

tinguishable from that of RTF albumin.

The 68-kDa albumin-like molecule was not the

only protein in RTF with this molecular mass.

Analysis by two-dimensional gel electrophoresis

revealed the presence of three species of protein in

RTF that had an apparent molecular mass of 68 kDa.

However, only one was reactive with antibodies

against sheep serum albumin. Two other species of

proteins, having the same molecular mass, are also

present in RTF, and are immunologically distinct

from serum albumin. Therefore, estimates of albumin

levels by microdensitometric analysis of 68-kDa

bands after electrophoresis of RTF would be in-

accurate.

Neither serum albumin nor RTF albumin

specifically bound to conconavalin A, indicating the

absence of available mannosyl linkages and suggesting

that neither albumin is a glycoprotein. However, the

presence of non-mannosyl residues remains to be

determined. Analysis of tryptic peptide maps of

serum albumin and of RTF albumin, isolated by

reverse-phase HPLC, revealed no significant differences

between the two proteins in apparent peptide amino

acid sequences. No modified peptides were detected

in either protein. Combined results demonstrate that

RTF albumin is indistinguishable from serum albumin

by the immunological and chemical criteria employed.

It therefore appears plausable that albumin in RTF

originates from albumin in serum.

It is possible that Sertoli cells or rete cells might be

a source of RTF albumin. However, we have not been

able to detect the presence of serum like albumin

molecules in the medium during culture of Sertoli

cells or rete testis cells (unpublished observations).

Immunoprecipitates of rat Sertoli cell-radiolabeled

secreted proteins with an antisera to rat serum

albumin gave negative results (unpublished observa-

tion). These results imply that neither of these cell

populations synthesize the serum-like albumin in

RTF. The presence of an albumin-like protein that

may be functionally similar but chemically and

immunologically distinct from serum albumin remains

a possibility to be investigated. A preliminary report

by Cheng and Bardin (1986) has implied that such a

protein may be present in Sertoli cell-conditioned

medium. These authors isolated a 68-kDa protein

they called testibumin and produced an antisera to

the protein. Denatured carboxymethylated serum

albumin cross-reacted with the testibumin antisera.

However, the native proteins, serum albumin or

testibumin, appeared not to be cross-reactive with
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either the testibumin antisera or serum albumin

antisera. Therefore, testibumin and albumin appear to

be chemically and immunologically distinct, but upon

denaturation, they show some immunological

similarities. Radiolabel amino acid incorporation into

testibumin by Sertoli cells was not demonstrated, and

the functional similarities between testibumin and

albumin are not presently known. The results of

Cheng and Bardin (1986) support our unpublished

observations and confirm that Sertoli cells do not

appear to produce albumin nor are they the source of

the serum-like albumin in RTF. The possibility that

an albumin-like protein, distinct from serum albumin,

may be produced by Sertoli cells has some interesting

physiological implications. Due to the lack of serum

albumin beyond the blood-testis barrier, such an

albumin-like protein may be needed within the

seminiferous tubule. Because the serum albumin

concentration in the RTF is relatively high, the need

for an additional albumin-like protein would not

appear to be required unless some unique function

was present that could not be performed by serum

albumin. Therefore, it would not appear necessary

that the reproductive tract, excluding possibly the

seminiferous tubules, would require a locally produced

albumin-like protein to carry out the functions of

serum albumin.

Levels of albumin in RTF obtained from different

rams ranged between 46 and 164 pg/ml, and constitute

11 to 17% of total proteins in these RTF samples

(Table 1). Available information is insufficient to

provide an explanation for the relatively large range

of these values. In addition to biological variations

among animals, many factors could have influenced

the albumin levels, including the possible contamina-

tion by non-rete fluids during one or more of the

collections. In spite of these varitions, it is neverthe-

less evident that the albumin concentrations in all

samples of RTF tested are far lower than albumin

levels in serum (approximately 40,000 pg/mI). Since

the albumin concentration in serum is 250 times

greater than the highest albumin concentration

measured in RTF, it follows that the barrier to the

passage of albumin in the rete testis appears relatively

efficient. However, the rete testis barrier is not

absolute by this criterion. In contrast, the immuno-

cytochemical observations of Christensen et al.

(1985) would suggest that the seminiferous tubule

barrier is absolute, since no albumin could be detected

in the albuminal compartment. Albumin was able to

pass readily through the boundary layer of the

seminiferous tubules, but the tight juctional

complexes between Sertoli cells exluded further

penetration of albumin (Christensen et al., 1985).

The protein concentrations in rat seminiferous

tubular fluid (about 5 to 10 mg/ml) are approximately

five to ten times higher than those in RTF (Hinton

and Keefer, 1983). However, levels of albumin-like

protein are reported to be much lower in semini-

ferous tubular fluid than in RTF (Koskimies and

Kormano, 1973). Assuming that “band 27,” made

visible for microdensitometry by staining proteins

separated by step-gradient acrylamide gel electro-

phoresis, represents only albumin, Koskimies and

Kormano (1973) concluded that albumin comprised

14% of total stained protein in RTF and 3% of total

stained protein in seminiferous tubule fluid. These

calculations provide semi-quantitative estimates at

best, since “band 27” consisted of a weakly stained

doublet in seminiferous tubule fluid and was often

visible as a doublet in RTF. In addition, data presented

in this paper demonstrate that more than one protein

with a molecular mass of 68 kDa is present in RTF

(Fig. 2). The protein concentrations in rat RTF

reported by Koskimies and Kormano (1973) was

5.7 mg/mI, a value indicating probable contamination

by lymph or interstitial fluid (Hinton and Keefer,

1983). The concentration of albumin in rat RTF was

estimated to be about 800 pg/mI (14% of 5.7 mg/mI)

from the data of Koskimies and Kormano (1973). In

constrast, our data indicate an albumin concentra-

tions in ram RTF of “.‘ 100 pg/mi (Table 1).

These authors indicated an “albumin” to “globulin”

ratio of 0.3, but “globulin” was relatively loosely

defined as high molecular weight proteins (Koskimies

and Kormano, 1973). We used a radioimmunoassay

against sheep IgG to estimate IgG levels in RTF, but

were unsuccessful in obtaining consistent analytical

results for reasons yet to be determined. How-

ever, from available data, IgG levels were never any

greater than those of albumin concentrations in RTF

(unpublished observations). The 50 kDa and 25 kDa

bands stained by Coomassie Brilliant Blue after

SDS-gel electrophoresis of RTF (Fig. 3) are thought

to represent the heavy and light chains, respectively,

of immunoglobulins. These bands, which are

prominently stained, have the same migration as the

IgG bands in serum. Immunoblot analysis of IgG was

performed and, as has been found previously, the

electrophoretic transfer of the light chain of IgG (25
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pg/mi).

kDa) to nitrocellulose is inefficient with the condi-

tions used. However, the 50-kDa heavy chain of IgG

was detected in both RTF and serum (data not

shown). Both electrophoretic and immunoblot

analysis suggest that IgG is present in RTF and

support previous observations that immunoglobulins

are present in RTF (Johnson, 1972).

The composition of RTF, and its regulation, have

been reviewed (Setchell, 1970, 1974, 1978, 1982;

Waites and Gladwell, 1982). The current information

suggests that about 90% of RTF is derived from

seminiferous tubule cell secretions and only 10%

from rete testis secretions. Some proteins secreted by

seminiferous tubule cells must be reabsorbed in the

rete to account for the five- to ten-fold lower protein

concentration in RTF than in seminiferous tubular

fluid (Hinton and Keefer, 1983). Alternatively, there

could be bulk transport from rete testis epithelial

cells to the rete of fluid having a low protein concen-

tration. A high pinocytotic bulk transport capacity is

suggested by the large number of vesicles in rete

epithelial cells (Nykanen and Kormano, 1978). If this

occurred, it could account for the fall in protein

concentrations observed as seminiferous tubule fluid

enters the rete, but it would be inconsistent with

observations supporting the interpretation that 90%

of rete testis fluid originates from seminiferous tubule

secretion. Resolution of this paradox will be aided by

experiments to determine the possible presence of

specific transport sites for resorption or secretion of

proteins by rete testis epithelial cells.

While several of the proteins in RTF appear to be

derived from serum, some are unqiue to RTF (Kos-

kimies and Kormano, 1973; Wright et al., 1981; Olsen

and Hinton, 1985). The latter could be derived from

cells in the seminiferous tubule, with Sertoli cells

being regarded as particularly good candidates, and/or
from rete testis epithelial cells. Among the unique

proteins detected in the electrophoresis profile of

RTF (Fig. 3), several have been identified and charac-

terized. The prominant 40-kDa band is a cell-aggrega-

tion molecule named clusterin, a dimeric protein of

80 kDa that comprises about 15% of ram RTF

(Blaschuk et al., 1983; Fritz et al., 1983, 1984). It is

synthesized and secreted by Sertoli cells (Blaschuk

and Fritz, 1984) and by rete testis cells (Tung and

Fritz, 1985). Serum clusterin levels are low (about 1

pg/mi) (Fritz et al., 1984), and therefore unlikely to

contribute to the high levels in RTF (about 100

Androgen-binding protein (ABP) is present in RTF

(Danzo et al., 1977; Turner et al., 1984) and is

synthesized by Sertoli cells (Fritz et al., 1976). Its

concentration in RTF is too low to permit detection

by Coomassie Brilliant Blue staining after gel electro-

phoresis (Fig. 3). A lactalbumin-like protein has been

identified in RTF (Hamilton, 1981), and it is secreted

by Sertoli cells under defined conditions (Skinner and

Fritz, 1986). This was demonstrated by showing that

an antibody against the epididymal lactalbumin-like

protein (Klinefelter and Hamilton, 1984) immuno-

precipitated a radiolabeled 20-kDa protein secreted

by stimulated Sertoli cells in culture. The concentra-

tion of this 20-kDa protein in ram RTF was also too

low to be detected by Coomassie Brilliant Blue

staining (Fig. 3).

A 70-kDa protein band is prominent in electro-

phoretic profiles of serum and RTF (Fig. 3). In

serum, this band has been identified as transferrin

(Aisen and Litowsky, 1980). Testicular transferrin,

synthesized and secreted by Sertoli cells (Skinner and

Griswold, 1980), appears to be the same gene product

as serum transferrin. However, the glycosylation of

the two proteins is different (Skinner et al., 1984).

Although it appears plausible that the 70-kDa band in

RTF is transferrin derived primarily from Sertoli cell

secretions, it is not yet possible to determine directly

the relative amounts of transferrin derived from

serum. The concentration of transferrin in RTF,

seminiferous tubule fluid, and serum have been

estimated to be 47, 141, and 3700 pg/mi, respectively

(Sylvester and Griswold, 1984). If the ratio of RTF

transferrin to serum transferrin were the same as the

ratio of RTF albumin to serum albumin (1:400), then

the level of transferrin RTF derived from serum

would be approximately 9 pg/mi, or about 20% of

the observed concentration of transferrin in RTF.

From these considerations, it is postulated that

transferrin derived from Sertoli cell secretions

comprises the bulk of RTF transferrin. This inter-

pretation is consistent with the suggestions of Holmes

et al. (1982) that most of the transferrin in human

ejaculates is derived from the testis rather than from

serum. It is also consistent with the observations that

‘251-Iabeled transferrin, injected intravenously, did

not appear in seminiferous tubule fluid, but that

levels in RTF were approximately 10% of those in

blood (Sylvester and Griswold, 1984).

As with transferrin, ceruloplasmin is also present in

serum and is produced by Sertoli cells in culture
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(Skinner and Griswold, 1983). Its presence as a

130-kDa band was not detected in the SDS-gel

electrophoresis profile stained by Coomassie Brilliant

Blue (Fig. 3), indicating that its concentration was

less than 10 pg/ml.

Among the bands stained by Coomassie Brilliant

Blue after SDS-gel electrophoresis of RTF (Fig. 3),

we tentatively identify the 70-kDa protein as trans-

ferrin, and postulate that 80 to 90% is derived from

the testis and 10 to 20% is from serum; a significant

part of the 68-kDa band is albumin, derived exclusively

from serum; the 50-kDa and 25-kDa bands appear to

be subunits of immunoglobulins, derived exclusively

from serum; and the 40-kDa protein is clusterin,

produced by Sertoli cells and by rete testis epithelial

cells, and most probably derived exclusively from

these sources as indicated above. Ceruloplasmin, ABP,

and a lactalbumin-like protein are also present in

RTF, but at levels too low to be detected by stain

with Coomassie Brilliant Blue. RTF is therefore

composed of a mixture of proteins, some derived

exlusively from the testis (ABP and clusterin), some

presumably derived exclusively from serum (albumin

and IgG), and some derived from both sources

(transferrin and ceruloplasmin). From available data,

we estimate that albumin comprises about 15%

of RTF protein (Table 1), that clusterin comprises

another 15% (Fritz et al., 1984), and that transferrin

comprises about 10% (Sylvester and Griswold, 1984).

If we assume that IgG comprises approximately 10%

of RTF protein, these four proteins together (clusterin,

albumin, transferrin, and IgG) would account for

about half of the major proteins present in RTF. Low

levels of ceruloplasmin, ABP, and lactalbumin-like

protein could account perhaps for 1 or 2%. This

leaves nearly half the proteins in RTF to be identified

and characterized. Possible functions of these RTF

proteins in the maintenance and maturation of

spermatozoa remain to be elucidated.
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