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ABSTRACT

The development of the seminal vesicles in drone honeybee, Apis cerana indica has been investigated by
using light and electron microscopy and biochemical estimation. The seminal vesicles were small,
globular, paired secretory bodies fully-developed in the newly emerged adult drones. The wall was mainly
composed of outer thick muscle layer and inner thin epithelial layer with tall columnar cells. The lumen
completely filled with sperms was noticed in the mature adult drones. It was observed that the seminal
vesicle increased in size from pupal to the adult stage and showed their maximal size in 12-day old adult
drones. The biochemical techniques demonstrated that the secretion of the epithelial cells was the mixture
of proteins, carbohydrates and lipids. It was conclude that the protein forming the major composition in
the secretion of the seminal vesicles. SDS-PAGE revealed about 15 protein bands of the molecular weight
ranging from 3 to 205 kD in the secretion.
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1. Introduction

The male reproductive system of insects generally consists of a pair of testes connected by paired
modified secretory ducts which finally open into a gonopore via ejaculatory duct. In
Hymenoptera, the reproductive system demonstrates considerable morphological differences
among the species. The seminal vesicle and the sex accessory gland represent the primary sperm
storage bag where the sperms are stored until mating 2 3 4.5 61,

The secretion of these glands constitutes the seminal fluid and affects physiological and
behavioral changes in mated female including sperm protection, storage and activation in addition
to the sperm viability and longevity [": 8 % 10. 111 |n bees, this proteinaceous secretion also provides
sticky glue that keeps the male’s copulatory organs attached to the female forming a major part of
the mating act [ 13141,

Extensive studies were undertaken to elucidate specially, structure, development and secretory
nature of the seminal vesicle in many insects, including bees [% % 15 16, 171 There is meager
information available on the morphological structure of the seminal vesicle 18 but no any
evidences are observed regarding the development and secretory nature of the seminal vesicle
during sexual maturation in the Indian honeybee, Apis cerana indica.

The present investigation was aimed to study the structural differentiation of the seminal vesicle
from the pupal to adult stage of drone. In addition to this, we studied the secretory nature and the
protein pattern of secretion of the seminal vesicle during sexual maturation in adult drone
honeybee, Apis cerana indica.

2. Materials and Methods

During the present study, the drone honeybees were collected from the hive established at the
premises of the Chalisgaon Education Society’s College, Chalisgaon Dist- Jalgaon Maharashtra
(India).

2.1 Histological Methods

The seminal vesicles of the drone honeybees were dissected in the insect Ringer solution and
immediately fixed in Bouin’s fixative for 18-24 h. The sections were cut at 4-6 um thickness and
stained with either Ehrlich’s Haematoxylin Eosin (HE) or Heidenhain’s Iron haematoxylin-
orange G (Fe-H) [,
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2.2 Transmission Electron microscopy method

The tissue was fixed for 3 h in 0.1 M cacodylate buffer, pH 7.2,
containing 2.5% glutaraldehyde, 0.2% picric acid, 3% sucrose and
5 mM CaCl,. Then it was post-fixed in 1% OsO4, dehydrated in
acetone and embedded in Epon 812. Ultrathin sections were stained
with 0.1% uranyl acetate and 0.01% lead citrate and then observed
in a Zeiss Leo 906 transmission electron microscope operated at 60
kV.

2.3 Biochemical Methods

The seminal vesicles from newly emerged, 6- and 12 day-old
drones were washed in ice-cold Ringer and then homogenized for 5
min at 0 °C in ice-cold phosphate buffer saline (pH 7.0). After
centrifugation at 12000g for 15 minutes, the supernatant was used
for the estimation of total proteins, lipids and carbohydrates as per
the methods described by Lowry et al. % Frings and Dunn 21
Dubois et al. [?4 respectively.

2.4 SDS-PAGE Method

The seminal vesicle proteins were separated by using 10-18%
polyacrylamide gel slabs 2%, The supernatant of tissue extract of
different ages was mixed with 50 pl (1:1) of sample buffer. The
samples were boiled for 5 min; cooled on ice and about 20-40 pl
were applied to the gel. The gel was stained with Coomassie
brilliant blue and destained with a mixture of methanol-acetic acid-
distilled water until the bands on the gel became clear. A wide-
range molecular weight (mass weight) marker protein mix (Sigma,
USA) was used to estimate the relative molecular mass of the
respective polypeptides.

3. Results

3.1 Histology

The seminal vesicle (SV) in Apis cerana indica was observed as a
milky white, large sac-like region of the vas deferens measuring
about 1834.83+46.7 pm in length. Each SV was distally opened
into the basal region of the male accessory sex gland (Fig.1).

Fig 1: Reproductive system of Apis cerana indica drones (in situ) showing
MG- mucus gland; T- testis; SV- seminal vesicle; ED- ejaculatory duct.

Histologically, the wall of SV was mainly consisting of inner thin

epithelial and outer thick muscle layers and externally covered with
a thin peritoneal sheath and connective tissue layer. The muscular
coat was composed of an inner circular muscle layer and outer
longitudinal muscle layer. The epithelium was observed a
monolayer of tall, glandular and columnar cells separated from the
muscular layer by a thick basement membrane. Each epithelial cell
contained centrally irregularly shaped nuclei and was filled with a
bulk of cytoplasmic inclusion. The epithelial cells had shown a
brush border towards the lumen. In adult drone, accumulation of
secretory material in the lumen was observed (Fig. 2).

Fig 2: Histology of the Seminal vesicle of a 6-day old drone.

A. Cross section of the SVs showing a thick muscular wall in the
form of outer longitudinal muscle layer (LML) and inner circular
muscle layers (CML). Centrally full of secretion in lumen (L) with
sperm bundles.

B. Magpnified view of (A) showing CTL- Connective tissue layer,
LML- longitudinal muscle layer, CML- circular muscle layers, EL-
Epithelial layer with accumulation of secretion (Scr) in the lumen.

The TEM in the SV of 6-day old drones was demonstrating the
cytoplasm contained an irregular shaped prominent nucleus
occurred in the middle portion. The vesicular-like inclusions and
other organelle were distributed throughout the cytoplasm (Fig. 3A,
B). The luminal region was full of spermatozoa embedded in the
secretory material of SV. Most of the spermatozoa were free
swimming and well-observed in different planes. However, some
sperm bundles were occasionally seen in epithelial depressions
(Fig. 3C, D).

3.2 Histomorphological Changes

The SV had shown gradual enhancement in length and diameter
from pupal to adult development (Fig. 4-5). Consecutively, the
nuclei of the epithelial cells were gradually increased in their size
from 4.26+£0.34 to 5.60+0.36 pm in the pupal stage while it
decreased gradually from 8.8+0.36 to 6.19+0.31 um in the adult
drones (Fig. 6-7). Subsequently, the release of the secretory
material from the epithelial cells into the lumen of the SV was
evident since the late pupal stage. The lumen of SV in the 6 to 12-
day-old drones was filled with large amount of the secretory
material and was filled with a large mass of sperm bundles (Fig.
2C, D).
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Fig 3: Transmission electron micrography of the epithelial layer and lumen of SV in the 6-day old drone showing: A. Prominent but irregular nuclei with
cytoplasmic inclusion (indicated by arrows), B. An irregular shaped nucleus with nucleolus., C & D. The SV secretion present in the lumen with sperm
heads (indicated by arrows)
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Fig 5: Diameter of seminal vesicle Fig 7: Nuclear Diameter of Epithelial Cells
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3.3 Biochemical Results

The biochemical analysis of SV extracts demonstrated variation in
the newly-emerged adult (NEA), 6-day old and 12 day old drones
(Table 1). The total concentration of protein and carbohydrate were
increased considerably after adult emergence reaching maximum
levels at maturity in 6-day old drones followed by slight a
reduction until day 12. The maximum level of protein-carbohydrate
concentration may be increasing the viability of sperm stored in the
lumen of SV. In the lipid level continuous elevation was shown
from NEA to 12 day-old adults. The increased protein-lipid content
could be important for the formation of a highly viscous mating
sign left after mating in the female genitalia.

Table 1: Major components of seminal vesicle extracts

Age of Total concentration of SV
Drones Protein Carbohydrate Lipid
(in days) (Hg/mg) (Hg/mg) (mg/100ml)
0 (NEA) 82.69+5.67 22.98+0.52 42.24+4.79
6 183.96+8.12 35.75+1.11 71.22+6.27
12 128.11+6.42 27.12+0.59 133.80+7.92

Abbr.: SV- seminal vesicle, NEA- newly emerged adult, mean + s.e.

KDa PMW-B 6-DAY  12-DAY

Fig 8: SDS-PAGE of SV extracts of newly emerged (NEA), 6-day old
drones (6-Day) and 12-day old drones (12-Day) showing typical protein
pattern measured in Kilo Dalton (KDa) by using standard protein
molecular weight-B (PMW-B).

NEA

3.4 SDS-PAGE

The electrophoretic separation of seminal vesicle proteins (SVPs)
of NEA, 6-day and 12-day old adult drones showed a complex
protein profile consisting of about 16 protein bands ranging from 3
to 205 kDa. There was strong protein banding from 31 to 66 kDa
molecular mass were stained intensely representing the major class
of SVPs distinctly. These protein bands were mostly observed in all
three ages of drones (Fig. 8).

4. Discussion

In many insects, including Hymenoptera, the seminal vesicle (SV)
is the specialized modified region, associated with the male
reproductive tract, producing different secretions to ensure the
passage and viability of the sperms [® 15.16.17. 261 The morphology
of the SV in Apis cerana indica agreed with that described in A.
mellifera [ and A. dorsata [**l representing a large, muscular and
glandular region of the vasa deferentia.

According to Kerr (1948), the seminal vesicle reached to maximal
size in adult Meliponi bees, while in Apis mellifera, there are
changes in the seminal vesicles and mucus glands during sexual
maturation [7), In A. c. indica, during development, the seminal
vesicle increases in size from pupal to adult stage and attains their
maximal size in 12-day old adult drones.

The histological and ultrastructural evidence shows that the luminal
region of seminal vesicle was filled with spermatozoa. Most of the
spermatozoa were free swimming and well embedded in the
secretion. However, some sperm bundles were occasionally seen in
epithelial depressions. The abundance of mitochondria in the apical
portion of the epithelium of the seminal vesicles indicated a high
metabolic activity for these cells. This pattern has also been
reported in Apis mellifera 1, Melipona bicolor %!, Panorpidae
(Mecoptera) 281 and Scaptotrigona xanthotricha €1, According to
Aroujo et al. 11 cytoplasmic inclusion bodies with organelle
enormously distributed throughout the cytoplasm may be the
indication of a high metabolic activity to maintain the longevity of
sperm in the lumen of SV. Such cytoplasmic inclusion bodies were
also noticed in 6-day old drones of A. c. indica.

Accumulation of secretion into the lumen of seminal vesicle began
in the late pupal stage and reached to maximum level in 6-day old
adult drone. Therefore, the increasing protein level from late pupal
stage to the 6-day old drone shows relation with the increase in
volume of seminal vesicle during development. The secretory
activity in the epithelial cells and gradual accumulation of secretory
material in the lumen of the seminal vesicle during sexual
maturation is in conformity with the reports on in A. mellifera [t 13
17, 24, 25]

The present study reveals that the concentration of total proteins
and carbohydrates in the seminal vesicle increased from newly
emerged adult drone to 6-day old adult and thereafter, gradual
reduction in the 12-day old adult was noticed suggesting initiation
of vigorous secretory activity soon after emergence. Bishop ™M also
noticed that A. mellifera drones only become capable of mating at
8-10 days after emergence, which is also the time that the seminal
vesicle takes to become fully filled with secretions. Couche and
Gillott [ also evidenced active secretory activity in the epithelial
cells of SV in the grasshopper, Melanoplus sanguinipes.

The protein pattern of seminal vesicle secretion in honeybee has
been reported by many workers [17: 27: 281 In A_ c. indica, the SDS-
PAGE separated about 15 distinct protein bands based on variation
in their molecular weight. The protein bands ranging from 31 to 66
kDa were noticed in all the adult drone stages and are supposed to
play an important role in enhancing sperm storage and viability till
mating.
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5. Conclusion

The current study shows that the seminal vesicle in Apis cerana
indica acts as a secretory and storage sac-like region of the vas
deferens. The seminal vesicle varies in size from pupal to adult
development and bears an impact on storage of mature sperm in the
lumen. The seminal vesicle increases in size from pupal to the adult
stage and attaining a maximal size in 12-day old adult drones. The
protein forms the major composition in the secretion of the seminal
vesicles influencing sperm storage and their survival in the lumen
of the seminal vesicle. About 15 proteins bands of different
molecular weight were separated by SDS-PAGE.
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