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PRESENCE OF DRONES' HAEMOLYMPH PROTEINS IN THE REPRODUCTIVE ORGANS
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ABSTRACT

1. The presence of drones' haemolymph prote ins in the reproductive organs has been established by disc 

e lectrophoresis , double-d iffusion and Im munoelectrophoresis  using an tiserum against haemolymph

2. The samples were separated by disc e lectrophoresis in 152 urylamide gels into about 30 components  

in each. The number of major bands recorded dens it ometr ica l ly  was: haemolymph-14; seminal  vesic les-20; 

mucus glands-20; penis-18. In addit ion to three haemolymph bands present in all the organs,band 11 was 

detected in penis and band 1 3 in seminal  vesic les.

3. Three identical  an tigens common to haemolymph and organs were detected by double- dif fusion. The 

remaining seven slow diffusing antigens were haemolymph-specific .

4. Immunoelectrophoresis  revealed 1 4 lines in haemolymph and from two to four l ines in the organs.

5. Penis and mucus glands absorbed bovine serum albumin, but not rabbit  y -g lobul in  from the haemolymph.
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INTRODUCTION

Haemolymph, the fluid in which the internal organs of insects bathe, is 
a medium through which macromolecular traffic occurs between the haemocoele 
and some fluid compartments, In the adult honey bee some organs are not permeable 
to macromolecules (head and venom glands; Lensky, 1969; Lensky § Maymon, 1971), 
while others are intensively engaged in selective uptake of proteins (queens' 
ovaries; Lensky & Asencott,1971).

The formation and differentiation of honey bee drone spermatozoa are completed 
during the pupal stage. After emergence, the spermatozoa migrate from testes to 
seminal vesicles and are stored there until mating occurs (Bishop, 1920).

In the adult honey bee drone, the presence of haemolymph proteins -in the 
seminal vesicles has been established by electrophoretic methods,Ga|uszka § Kubicz 
(1968) concluded on the basis of paper electrophoretic results that none of the five 
fractions present in the vesicles had similar migration rates with haemolymph protein 
fractions. However, disc electrophoretic separations of the same samples showed the 
presence of several bands with similar values in haemolymph and seminal vesicles 
(Lensky & Alumot, 1969) .

This study was undertaken to determine whether haemolymph proteins are present 
in the reproductive organs of the mature drone, and if these organs absorb injected 
foreign proteins from haemolymph.

The methods used for this purpose were double-diffusion, immunoelectrophoresis 
and disc electrophoresis.



MATERIALS AND METHODS

Experimental animals

Adult drones of the Italian honey bees (Apis mellifera L, var. ligustica Spin.) 
reared at the Apiary of the Faculty of Agriculture, Rehovot, were removed from 
combs and transferred to the laboratory for collection of haemolymph and preparation 
of reproductive organs.

Collection of haemolymph

Haemolymph was obtained from the dorsal vessel with a fine glass capillary. 
Phenylthiourea crystals were added to the samples which were frozen at -20°C, 
until used.

Preparation of reproductive organs

An incision with iridectomy scissors was made in the abdominal integument 
(tergites 2-7) to remove the dorsum and to expose the reproductive organs for 
dissection (Fig. 1). The penis, including the ejaculatory duct was detached 
beneath the cornua, and cut off close to the mucus glands. The latter were removed 
with forceps by tearing them off the body. The seminal vesicles were detached 
from mucus gland.

The organs were washed 3 times in ice cold saline to remove any traces of 
haemolymph, homogenized in a glass homogenizer with a teflon pis.tle for 3 min.
The homogenates were centrifuged, for 8 min. at 15.000 Rev/min. in a Microfuge 
centrifuge (Beckman-Spinco), arid the supernatants frozen at -20°C.

Injection of foreign proteins

Rabbit y-globulin and bovine serum albumin were used to study the uptake of 
foreign proteins by the reproductive organs. Rabbit y-globulin was obtained by 
fractionation on DEAE-Cellulose columns in phosphate buffer. Its concentration was 
20 mg per 1 ml. Twenty mg of bovine serum albumin (Armour Pharmaceutical Co,, 
Kanakakee, 111.) were dissolved in 1 ml of the above mentioned y-globulin solution'
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in phosphate buffer. Ten yil atiquots were injected into each drone, For this 
purpose fine glass capillary was inserted into the dorsal vessel through the 
intersegmental membrane between the 3rd and 4th tergites, Ten drones were used 
in the experiment. The drones were maintained in Liebefeld cages at 28°C for 
18 hr, thereafter the haemolymph was withdrawn, the reproductive organs dissected 
and prepared for analyses as described above.

Preparation of antisera

Antisera against haemolymph of adult drones were prepared in rabbits. The 
haemolymph was emulsified in complete Freund's adjuvant (Difco) and injected into 
food pads and lymphatic glands. Further details were reported in a previous paper 
(Lensky, 1971a).

Antisera against rabbit y-globulin and bovine serum albumin were prepared in 
goats and were kindly supplied by the Department of Chemical Immunology, The Weizman 
Institute of Science, Rehovot.

Double-diffusion

The analyses were carried out following the method of Ouchterlony (1958) in 
2% agar (Difco, Special "Noble") in barbital-acetate buffer (pH 8.6; 1_ = 0.025). 
Staining was carried out in a solution of Ponceau Rouge in 2% acetic acid.

Immunoelectrophoresis

The procedure of Grabar ij Williams (1955) modified by Scheidegger (1955) and 
Lensky (1971a) was followed. The separations were carried out on glass plates 
(20 x 7.5 cm) covered with 18 ml of 1% agar (Difco, Special "Noble") in barbital- 
acetate buffer (pH 8.6; I_ = 0.05) and 1% (v/v) of Ampholine at pH range 3 to 10 
(LKB-Produkter AB). The electrophoresis was carried out at 150 V applying mA per 
plate for 2 hr at 20°C, as previously described (Lensky, 1971a,b), Ponceau Rouge 
was used for staining.
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LEGENDS TO FIGURES

Exposed reproductive organs of the drone: penis with attached
ejaculatory duct (A); mucus gland (B); seminal vesicle (C) ; testis (D) .

Disc electrophoresis of haemolymph (H) ; mucus glands (MG); seminal 
vesicles (VS) and, penis (P). 8-10 yl of haemolymph and 15 -A  of organs 
homogenate were applied to each gel,
(a) Typical photographs of the gels, The lines connecting the 
neighbouring peaks indicate presence of bands with similar migration 
rates with those of haemolymph,
(b) Diagrams and densitometrie tracings of the above gels.

Presence of haemolymph proteins in reproductive organs as revealed by 
immunological methods using antiserum against haemolymph of drones (A).
The haemolymph specific lines that were not detected in the homogenates 
are indicated by an "h". The numbered arrows indicate the precipitation 
lines common to haemolymph and organs.
(a) Double-diffusion of haemolymph (wells 1,3,5), mucus glands (2), 
seminal vesicles (4), and penis (6).
(b) Immunoelectrophoresis of haemolymph (1), seminal vesicles (2), 
mucus glands (3), and penis (4),

Uptake of foreign proteins by reproductive organs, Each drone was injected 
with 200 p_g rabbit y-globulin and 200 jig bovine serum albumin in 10 yl 
of phosphate buffer.
The antigenic mixtures were charged into the central wells; penis (A); 
mucus glands (B); seminal vesicles (C); haemolymph (D).
The antisera were charged into the circumferential wells: goat antiserum 
to rabbit y-globulin (1 and 4); rabbit antiserum to drone haemolymph 
(2 and 6); goat antiserum to bovine serum albumin (3 and 5),
The cross-reactions between goat antiserum to rabbit y-globulins and rabbit 
antiserum to drone haemolymph showed up in the photographs as wide V-shaped 
lines with the apex towards the central well.
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Disc electrophoresis

Disc electrophoresis was carried out according to Davis (1964) in Tris- 
glycine buffer at pH 8.6 in small pore gels of 15% acrylamide (Lensky, 1971a).
The sample solution applied to each gel consisted of 8 to 10 el haemolymph or 
15 pi supernatant of organs' homogenate mixed with 80 to 100 el 40% sucrose.
1 mA was applied per each gel tube for 1,5 hr. Following fixation and staining 
in a 0.01% of Goomassie Brilliant Blue (Gurr) in 15% trichloroacetic acid 
solution (Chrambach et al■, 1967) the gels were scanned with a Gilford spectrophotome' 
Bands with the same Rv values were assigned the same band number.

A.

RESULTS

1. The protein composition of haemolymph and reproductive organs as revealed by 
disc electrophoresis and immunological analyses.

The results are arranged according to the analytical methods used: disc 
electrophoresis, double-diffusion and immunoelectrophoresis.

(a) Disc electrophoresis

The typical results of disc electrophoresis separations in 15% acrylamide gels 
of the haemolymph and reproductive organs of the drone are recorded in Fig. 2 
(a and b) . The photographs of the gels accompanied by their densitometric curves 
are arranged according to the samples of haemolymph and organs. Only "major" 
haemoTLymph bands were taken into consideration and their presence in the different 
organs is indicated in the Figures by lines connecting the peaks of neighbouring 
gels. The slow migrating bands near the origin present in all samples analysed were 
not investigated in this work.

All the samples were separated into about thirty components^ each. The densitomenti 
tracing revealed in haemolymph - 14; seminal vesicles - 20; mucus glands - 25;
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penis - 18 peaks. In several cases one peak in Fig. 2B included more than one 
single band.

Bands in the gels of the reproductive organs' samples with similar migration 
rates with those of haemolymph were numbered according to their appearance from 
the top of the haemolymph gel. Bands 5,6 and 12 were common to all samples. Band 
11 was detected in penis, and band 13 in seminal vesicles and haemolymph. The 
possibility of the presence of additional protein bands common to haemolymph and 
organs cannot be excluded.

(b) Immunological analyses

Double-diffusion and immunoelectrophoresis were carried out to establish the 
presence of drones' haemolymph antigens in the reproductive organs. For this 
purpose antiserum againsthaemolymph of drones was used.

Double-diffusion

The results obtained with haemolymph and reproductive organs after absorption 
with anti haemolymph serum are presented in Fig. 3a. The distribution of the 12 
lines formed by haemolymph was as follows. The slow diffusing eight lines, located 
close to the well are specific to haemolymph only, and are indicated in the Figure 
by an "h". The precipitation lines formed by haemolymph and reproductive organs were 
numbered from 1 to 5 in the order of their appearance from the circumferential wells 
towards the center.

The seminal vesicles formed two identity lines with haemolymph (3 and 5). Line 
4 formed spurs indicating reaction of non-identity. In the mucus glands, lines 1,3 
and 5 were identical with haemolymph, but line 4 formed spurs. In the homogenate of 
ejaculatory duct and penis lines 1,3 and 5 were also present while line 2 formed 
spurs.

The results show that about three identical antigens are common both to haemolymph 
and the reproductive organs. However, none of the slow diffusing haemolymph antigens 
were present in the organs.
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Immunoelectrophoresis

The immunopherograms presented in Fig, 3b include haemolymph and homogenates 
of seminal vesicles, mucus glands and penis. The samples were separated in a single 
run to facilitate the comparison of the precipitation lines

Haemolymph of drones shows a typical distribution pattern of up to 14 precipitation 
lines, most of which were cathodic. Three lines were located around the origin and 
one which was anodic did not show up in the photographic record. A group of slowly 
migrating cathodic components indicated in the Figure by an "h" and the most cathodic 
group "c" were haemolymph-specific..

Precipitation lines that appeared in the samples of reproductive organs were numbered 
from 1 to 5, according to their correspondence with haemolymph lines. In the penis 
(well 4) three antigenic components were precipitated with the antihaemolymph serum 
(lines 1, 3 and 4). In mucus glands (well 3) lines 1, 2, 4 and 5 were precipitated.
Only two lines were detected in the seminal vesicles (well 2).

The results of double-diffusion and immunoelectrophoresis demonstrate the presence 
of several identical antigenic components in the haemolymph and in the reproductive organs

2. Uptake of foreign proteins by the reproductive organs.

The occurence of some haemolymph antigens in the reproductive organs raises the 
question of their origin. Are they taken up from the haemolymph or do they originate 
in the organs themselves ?

To elucidate the question of the uptake of macromolecules from haemolymph by the 
reproductive organs, rabbit y-globulin and bovine serum albumin were injected into 
the haemocoele of drones. The haemolymph and the reproductive organs were analysed 
for the presence of y-globulin and albumin using goat antisera against y-globulin 
and albumin,respectively, and rabbit antiserum against drone haemolymph. The antigenic 
mixtures were placed in the central wells and the antisera in the circumferential.
The double-diffusion results are recorded in Figs. 4a, b, c and d.
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The injected y-globulin was only detected in the haemolymph, but not in 
the organs (Fig. 4D, wells 1 and 4). Precipitation lines of albumin with the 
homologous antiserum (wells 3 and 5) were formed in the following samples in the 
order of increasing intensity: penis (A); mucus glands (B) and in haemolymph (D) 
but not in seminal vesicles (C).

DISCUSSION

The presence of at least three haemolymph protein components in each of the 
reproductive organs analyzed has been established by the three methods used. Double- 
diffusion showed that the antigens shared by haemolymph and the organs were fast 
diffusing. All the slow-diffusing components of the haemolymph, presumably of high 
molecular weight, were absent from the organs. The uptake of injected bovine serum 
albumin, but not rabbit y-globulin, by penis and mucus glands may indicate the 
selective absorption of haemolymph proteins of low molecular weight. Thus, the 
presence of several identical proteins in haemolymph and in the organs may be 
explained on the basis of their selective uptake. The presence of fast diffusing 
haemolymph protein components in the moulting fluid of worker prepupae (Lensky g 
Rakover, 1971), spermathecal fluid (Lensky § Alumot, 1969) and ovaries of the queen 
bee (Lensky g Asencott, 1971) has been established.

The intensity of macromolecular traffic differs from one fluid compartment 
to another. In the adult bee workers two separate fluid compartments exist which 
do not take up haemolymph proteins, but synthesize their own for external secretion. 
These are the head glands producing the larval food (Lensky g Maymon, 1971), and the 
venom glands (Lensky, 1969) . However, most of the internal organs (fat body, midgut 
wall) of the bee worker have some proteins in common with the haemolymph.
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Considerable selective uptake of haemolymph proteins occurs in the ovaries of 
the queen bee, where they are incorporated into the developing oocyte. Whereas 
egg production in the queen bee continues for several years, the drones' spermatozoa 
are formed during the pupal stage, and after adult emergence are stored in the 
seminal vesicles. It is of interest to note that this organ did not take up albumin 
from the haemolymph, although at least three haemolymph proteins were detected in 
its homogenates. These proteins may be essential for the maturation and survival of 
spermatozoa in seminal vesicles.
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