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Summary. The antigenicity of male bat reproductive organs was
studied using agar-gel diffusion. Four precipitin lines formed with testis
and anti-testis, six lines with epididymis and anti-epididymis, and six
lines with ampulla and anti-ampulla sera. Tissue extracts of liver, spleen,
heart and uterus cross-reacted with the three antisera to produce three
lines. Ampulla, epididymis and testis possessed at least one, three and
one organ-specific antigens, respectively.

Nine proteins were detected in the seminal vesicles by agar-gel electro-
phoresis. One of these possessed potent toxic properties when injected
into rabbits and mice. The toxic protein was isolated by zonal electro-
phoresis and by chromatography on Sephadex G-200. It migrated elec-
trophoretically as a pre-albumin, had a molecular weight of approxi-
mately 44,600 and an LD50 value of 162\g=m\g/kg.The relationship between
this protein and the unique phenomenon of bat sperm survival is
unknown.

INTRODUCTION

Spermatogenic activity in the bat, Myotis lucífugas, occurs during the summer

(Miller, 1945). Spermatogenesis is completed in September and precedes
ovulation by about 7 months. During the winter months, the seminiferous
tubules remain in an inactive state. During September, the male accessory
glands attain their maximum size. Although the glandular epithelium then
becomes inactive, the lumina of the accessory glands remains filled with
secretion until spring. There is also an abundance of spermatozoa in the epi-
didymides during hibernation, although spermatogenesis ceased in September.

Myotis lucifugus copulate in autumn. Spermatozoa have been found in the
female reproductive tract throughout the hibernation period and into the
spring (Miller, 1945). Spermatozoa from autumn inseminations are stored either
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in the uterus or in the vagina and remain viable throughout hibernation (Mat¬
thews, 1937; Wimsatt, 1944; Asdell, 1964). The ovaries of the hibernating bats
contain viable follicles which rupture in the spring and only then does fertiliza¬
tion occur (Wimsatt, 1960). The physiological basis for the prolonged sperm
survival (about 5 to 7 months) in the female is still unknown. Survival may
involve special physiological adaptations in the spermatozoa, the uterus, or
both. Wimsatt, Krutsch & Napolitano (1966) reported only minor ultra-
structural differences between epididymal and uterine spermatozoa.

The object of this paper was to characterize proteins present in the repro¬
ductive organs and glands of the male Myotis lucifugus. From such a charac¬
terization, it was hoped to gain some knowledge as to how prolonged sperm
survival could occur.

MATERIALS AND METHODS

Bat organs and tissues
Approximately 150 little brown, male bats {Myotis lucifugus) from a wild

population in the vicinity of St. Paul, Minnesota, were captured in the late
summer and early autumn. The bats were bled and killed by decapitation
within 1 or 2 days of capture. Testes, epididymides, ampullae, prostate, seminal
vesicles, heart, liver, lung and kidney were removed, trimmed and stored in
liquid nitrogen.

The testes of the bats collected for this study were still undergoing sperma¬
togenesis and the accessory glands were in a plump secretory state.

The organs were thawed, suspended (4% w/v) in 0 05 M-phosphate buffered
saline, pH 7-4, with a glass homogenizer and stored at —20 C.

Immune sera and immunological tests
The bat antigens (4% w/v) were testis, epididymis and ampulla. Three rabbits

were immunized per antigen. Normal serum was obtained from all rabbits
before immunization. The immunization scheme followed the protocol of
Swanson & Hunter (1969).

Ouchterlony precipitation in gel techniques were described previously
(Hunter & Hafs, 1964). However, in this study, plates were developed for 4 days
at room temperature in a moist chamber.

Toxin isolation
Agar-gel electrophoresis in barbital buffer (pH 8-4, µ = 0 5) was performed

on 4% w/v suspensions of bat seminal vesicles (BSV) according to the technique
of Weime (1959). Electrophoresis was run for 20 min at 150 V and 40 mA per
slide (76x26x1 mm). Following electrophoresis, two slides of each sample
were divided in half. One half was stained with amido black for protein and
quantified by densitometry. The other was divided into 2-mm sections. Each
section was suspended in 1 ml of 0-85% saline, left at 4° C overnight and then
centrifuged at 12,000 g for 15 min. Supernatant fluid (1 ml) was injected intra-
peritoneally into Swiss White mice (0-5 ml/mouse) weighing 15 to 25 g. At least
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four mice were injected with fluid from duplicate sections. Deaths occurring
between 6 and 24 hr were recorded.

Procedures for chromatography on Sephadex G-200 and molecular weight
determinations were described by Hunter & Nornes (1969). BSV suspension
(0-5 ml, 6 mg protein) was eluted from the column (IT cm  52 cm) at the rate
of 2-6 ml/cm2/hr at room temperature. Fractions (2 ml) were collected volu-
metrically and assayed for protein and toxic activity.

Swiss White mice weighing 15 to 25 g were used to detect and assay toxicity.
A minimal lethal dose was defined as the smallest amount of toxin required to
kill a 22-g mouse within 24 hr after intraperitoneal injection. For assay, aliquots
(0-5 ml) were injected intraperitoneally into mice. Two mice/dose were used
routinely to detect toxicity and three mice/dose for the LD50 determination.
The method of Reed & Muench (1938) was used to determine the LD50 value.

SV

Text-fig. 1. Precipitins induced in rabbit serum against bat reproductive tissues, body
tissues and blood serum. Abbreviations: aA = rabbit anti-bat ampullae; aE = rabbit
anti-bat epididymides; aT = rabbit anti-bat testes; A = ampulla;  = blood sera;
E = epididymis;  = heart; L = liver; Lg = lung;  = prostate; S = spleen;
SV = seminal vesicle; T m testis; U = uterus.

RESULTS AND DISCUSSION

Agar-gel diffusion
The reaction of heart, liver, lung, spleen and uterus with antisera to testes,

epididymides or ampullae resulted in the formation of two to three lines (Text-
fig. 1). Blood sera failed to produce a line with these antisera (Text-fig. 1).
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Therefore, cross-reactivity between tissues was due to common tissue proteins
rather than to common blood serum proteins.

The reaction of testes, epididymides, ampullae, prostate and seminal vesicles
with the three antisera are presented in Text-fig. 1. Testicular material pos¬
sessed four antigens. Two of these were antigens common to heart, liver, lung
and spleen; one was specific to testis, and one was present in suspensions of
epididymides and ampullae.

Epididymal suspensions possessed six antigens (Text-fig. 1). Two were anti¬
gens common to heart, liver, lung and spleen ; three were detected only in the
epididymis, and one antigen was detected in both testis and ampulla. Apparently,
at least three antigens were specific for epididymis.

Ampullar suspensions possessed six antigens (Text-fig. 1). Two were the
common cross-reacting tissue antigens ; one was shared with testis and epididy¬
mis; one was specific to the ampulla, and two were also present in suspensions

Table 1
antigenic spectrum* in various bat reproductive tissues

Antigen^

11
10
9
8
7
6
5
4
3
2
1

Present in:

Testis Epididymis Ampulla
Seminal
vesicle Prostate Liver

+
+

+
+

+
+
+
+
+

+
+
+
+

+
+

+
+
+

+
+
+

+
+

+
+

+
+

* As determined by the Ouchterlony technique with rabbit antisera to testes,
epididymides and ampullae.

t Refers to numbers seen in Text-fig. 1.

of prostate and seminal vesicle. The last two antigens probably originated
within the accessory sex glands and leaked into the ampullar region during
ejaculation or as a result of muscular contractions.

Table 1 presents a summary of the antigenic spectrum of bat seminal products.
In summary, the antigenic spectrum and cross-reactivity of male bat reproduc¬
tive organs did not differ drastically from that reported for species in which the
spermatozoa have a limited life-span (bulls—Matousek, 1964; boars—Schell¬
pfeffer, 1969; humans—Quinlivan, 1969; rabbits—Hunter, 1969).
Seminal vesicle toxicity

Anti-bat seminal vesicle-immune sera was not obtained as all twelve rabbits
died within 24 hr after injection of BSV suspension. At necropsy, the only
observed gross pathological changes were extremely swollen small and large
intestines. Despite tremendous fluid accumulation in the intestines, no external
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signs of diarrhoea or defaecation were present. This finding contrasted with
anything this author has observed while working with seminal products of
bulls, boars, humans, rabbits and rams. Weil, Roberts & Dube (1964) reported
that a constituent of guinea-pig seminal vesicles (cobayin) was highly toxic to
rabbits on parenteral application. Injections of cobayin produced a flushing of
the ears, followed by laboured breathing, diarrhoea, weakness and signs of
severe intoxication.

Agar-gel electrophoresis of BSV extract revealed nine proteins; seven of
which were on the anode side of the 'origin' (Text-fig. 2). Approximately 51%
of the protein migrated with an electrophoretic mobility greater than bat serum

  
Text-fig. 2. Bat seminal vesicle agar-gel electrophoresis pattern. The drawing indicates
the position of the major protein bands (A) and the location of toxic activity (B) after
electrophoresis of 0-1 ml of BSV preparation. Electrophoresis was conducted with
veronal buffer, pH 8-6, at 40 mA/slide at room temperature. Bat serum albumin under the
same electrophoretic conditions would be found in zone 5 of B.

albumin. This electrophoretic pattern contrasted markedly with that reported
for boar, bull, ram and rabbit seminal plasma (Bennett, 1965).

After elution of each protein zone from the agar, toxic activity was associated
only with protein band 2 (Text-fig. 2). This protein constituted approximately
18% of the total protein of the BSV material. All six mice which were injected
with this protein died within 6 to 24 hr and showed the same post-mortem
picture as that seen in rabbits. Injections of the other protein fractions of BSV
failed to kill any mice.

Chromatography of BSV suspension on Sephadex G-200 produced four
peaks (Text-fig. 3). The retention values of these peaks corresponded to
molecular weight components of 113,000, 44,600, 11,200 and 160. Toxic

Downloaded from Bioscientifica.com at 05/23/2023 07:52:48PM
via free access



176 A. G. Hunter et al.

activity was found only within fraction B, the peak associated with 44,600
molecular weight components.

The toxicity of BSV suspension, calculated as an LD50, was 900 µg|kg or

0 2 mg/mouse. Since only 18% of the total protein was associated with toxic
activity (Text-fig. 3), these figures would be 162 ¿«g/kg or 0 036 mg/mouse on a

partially purified basis. The toxicity calculated as a minimal lethal dose for
whole suspension was 1020 /ig/kg or 0-22 mg/mouse and on the partially purified
basis was 184 //g/kg or 0 04 mg/mouse. These values rank BSV equivalent to
rattlesnake {Crotalus) venom as a toxin (Russell, 1967).

The LD50 in mice for BSV on a fresh weight basis was 0-2 mg of tissue. This

0 4

0-3

0-2

Text-fig. 3. Protein elution pattern for bat seminal vesicle material chromatographed
on Sephadex G-200 with subsequent analysis of peak fraction for toxicity in mice. Average
molecular weights of peaks: A = 113,000,  = 44,600, C = 11,200 and D = 160.

was ten times more potent than a toxin found in the submaxillary gland of the
short-tailed shrew, Blarina brevicauda, by Pearson (1956).

The protein pattern and physiological activity of BSV differs greatly from
that found in other species and would seem to merit further investigation in
seeking an explanation for the longevity of bat spermatozoa.
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