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SUMMARY 

The two initial objectives of this research project were 

(1) to obtain a detailed chemical description of secretions from 

the accessory reproductive glands CARGs) of the male desert locust , 
. 

Schistocerca gregaria Forskal, and (.2 ) to identify the chemical 

nature of the spermatophore and seminal fluids in order to obtain 

a better understanding of the roles of individ~al ARG secretions 

in their formation. 

The secretions of the 16 pairs of ARGs were subjected to 

disc gel electrophoresis and the gels were stained fa r proteins, 

glycoproteins and lipoproteins. Although a number of common pro-

tein bands were found in the secretions of some glands, the elect-

rophoresed secretions of each gland showed distinct multiple pro-

tein and in same cases, multiple glycoprotein patterns. The 

number of protein fractions ranged from 10 in the seminal vesicle 

secretions to 26 in those from the homogenous glands. On the 

basis of histochemical and ultrastructural studies, Odhiambo 

(1969a, 1969b} indicated that the secretions of glands 3 and 5 

were similar and were the only secretions containing lipoproteins. 

In this study, however, the electrophoresed secretions of these 

two glands showed distinct protein and glycoprotein patterns and 
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lipoproteins could not be detected with Sudan bl ack B staining. 

Odhiambo (1969a) a l so reported that secretions of gland 2 and the 

homogenous glands were rich in mucopolysaccharides , but after 

elect rophoresis the secretions from these glands produced single, 

narrow and slightly stained glycoprotein bands. 

Immunochemical studies on the secretions of the various 

ARGs confirmed some of the conclusions drawn from the results of 

electrophoretic investigations. The secretions of glands 1,11 and 

12 and the haemolymph contained one common antigen. Another common 

antigen was found in the secretions of glands 3,4,S and 6. On the 

basis of similar electrophoretic mobilities, there appear to be 

more common proteins in the various gland secretions than were 

demonstrated by the immunochemical experiments. Some of these 

proteins may have been present in concentrations which were too 

low for antibody production or they may rot have been antigenic 

in the guinea-pig immune system. 

Eighteen free amino acids were detected in methanolic 

extracts of the various ARGs, the paragonadal fat body and the 

haemolymph by two dimensional ascending paper chromatography . 

Of these, cx:;..alanine, methionine, phenylalanine, serine and aspartic 

acid were of quantitative importance. In descending order the 

highest concenti-ations of ex-alanine were present in the secretions 
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of glands 3,5,6,1 and 2. 

Trehalose and/or inositol, an amino sugar and an unidenti

fied compound were demonstrated by descending paper chromatography 

in the secretions of all ARGs. Glucose was demonstrated in the 

secretions of gland 12, whil~ fructose was present in the 5ecretions 

of all other ARGs. The secretions of glands 3,4,11 and the seminal 

v~sicle also contained sucrose. Spot tests for purines and pyri

midines and the Sakaguchi test on concentrated rnethanolic extracts 

of the unidentified compound indicated that it is probably a 

guanine derivative. 

The neutral and phospholipid composition of the various · 

ARG secretions, as revealed by thin-layer chromatography of chloro

form-methanol (2:1 v/v) extracts were generally similar, but the 

secretions of gland 4 were distinguished by the absence of all 

neutral lipids. The phospholipid compounds of ethanol~mine, 

serine, inositol and choline .were also demonstrated in chromato

graphed secretions of the various ARGs. The phospholipid com

position of secretions from glands 5,6,12 and the homogenous glands 

appeared to be identical. 

Secretions of the va~ious ARGs were tested for the presence 

of 8 enzymes. The levels df alkaline phosphatases were high in 



xxiv 

secretions from glands 1- 6 as compared to levels in secretions 

from glands 11,12, the homogenous glands and the seminal vesicle. 

Low acid phosphatase activity was detected in the electrophoresed 

secretions of glands 1 and 3-6. The sP.cretions of all ARGs could 

be differentiated on the basis of electrophoretic patterns for 

alkaline phosphatases, acid phosphatases, malic dehydrogenase, 

a-glycerophosphate dehydrogenase and non-specific esterases. Malic 

enzyme, xanthine dehydrogenase and iso-citrate dehydrogenase acti

vities were not detected in any of the ARG secretions. 

Protein and glycoprotein patterns were determined for the 

electrophoresed washings of unevacuated spermatophores and super

natents of homogenized evacuated spermatophores. The distinct 

electrophoretic pattern of unevacuated spermatophores contained 

20 protein bands, 2 of which were glycoproteins. Two precipitin 

arcs were obtained when guinea-pig anti-serum to homogenous glands 

was cross-reacted with the washings of unevacuated spermatophores, 

but no reactionswere obtained when guinea-pig anti-sera to various 

ARG secretions were reacted against the supernatents of evacuated 

spermatophores. The electrophoretic pattern of evacuated sperma

tophores showed 14 protein bands, 4 of which were glycoproteins. 

Protein patterns of evacuated spermatophores appear to represent 

the polymerization products of ARG secretions which are used in 

spermatophore construction, while protein patterns from 
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evacuated spermatophore washings may come primarily from acces

sory seminal fluids which also appea~ to be polymerization products 

The third objective of this research project was to deter

mine whether the injection of antibodies r~ised against ARG 

secretions could be used to disrupt the normal growth and/or 

function of the ARG complex in sexually maturing adults of the 

male desert locust. When the injection of anti-serum against 

ARG secretions began as early as the third day of adult develop

ment a marked in hi bi tion of ARG growth was accom;;anied by sup

pression of secondary sexual characteristics (yellow body 

colouration) and normal mating behaviour. Inhibition of ARG 

growth. while significant. was less pronounced when anti-serum 

injections began on the seventh day of adult development. but on 

day 19 the injected males did not exhibit normal matirg behaviour when 

placed with virgin females. When single anti-serum injections 

were administered on day 10 of adult development the males had 

obtained their. yellow body colouration by day 19 and copulated 

normally with virgin females. although their ARGs were only equi

valent in size to those of 13 day old males. Sirice certain anti

gens were common to both the haemolymph and accessory gland 

secretions it is possible that ARG growth is slowed when these 

antigens are precipitated in the haemolymph prior to their trans

port to the ARGs. Another mechanism of inhibition might involve 
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the penetration of antibodies into the ARGs where they might pre

cipitate gland antigens. These data indicate the great potential 

of irrmunological approaches to studies on arthropod reproductive 

processes. 
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CHAPTER I 

INTRODUCTION 

1.1 The Resear ch Project 

The biochemistry of the male accessory reproductive glands 

(ARGs) of terrestrial arthropods, which provide the materials 

necessary for the successful insemination of females, has not been 

adequately explored. Odhiambo (1969a, 1969b) ·used histochemica l 

ard ultrastructura1 methods to study the ARG secretions of male 

_Schistocerca gregar i a Forsk;l. Based on these tests he demon

strated that the 16 glar.ds in each bilobed gland mass could be 

classified into 9 different types. However, histochemical and 

ultrastructural studies only provide grossly qualitative infor

mation on the substances present in secretions. Secretions of 

the ARGs · in male .2.• gregaria were found to contain both neutral 

and acidic mucopolysaccharides, a nd 2 of the glands were demon

strated to contain acidic lipoprotein complexes COdhiambo, 1969a). 

Nothing else is known about the chemical nature of these ARG 

-secretions. 

The primary aim of this study was to · characterise in detail 

the biochemical nature of the secretions of the various types of 

ARG. The . techniques which were employed included disc gel electro-
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phoresis and both paper and thin layer chromatography. These 

techniques were used in order to bring out any similarities and/ 

or differences in the nature of the secretions of various ARGs, 

and hence to confirm or refute the classification of ARGs in S. 

gregaria established by Odhiambo ( 1969a). 

Tatchell (1962) ~sed histochemical tests to demohstrate the 

presence of non-specific estera~es in one of the lobes of the 

ARGs of the male tick Argas persicus . Besides Tatchell's work, 

enzymic studies on ARG secretions in arthropods have not been per

formed. In this study the presence of enzymes was also investi

gated as another parameter for differentiating betwe~n gland 

secretions. Such data was also expected to give an indication, 

from the enzymes tested, as to which glands might be involved in 

spermatophore production. To further differentiate between the 

glands, immunochemical studies were carried out in order to deter

mine which glands have common antigens. Immunochemical studies 

in combination with electropheretic and chromatographic techniques 

would not only give qualitative but also semi-quantitative infor

mation on the chemical constituents of the ARG secretions . 

One known function of the ARG is to provide secretions for 

spermatophore fonnation. However, in cases where. the ARG are 

heterogenous unpaired structures as in Dictyoptera (Roth, 1967), 
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or are mul tipaired structures as in Orthoptera (Uvarov. 19S6 l. 

information is lacking as to which of the ARGs are doing what. 

There is extensive data on several functions of ARGs in cont-

rol ling the physiology of mated females (Hinton. 1974J Leopold, 

1976). One such function demonstrated in two Orthoptera species, 

is the enhancement of oviposition (Pickford et ~,1969; Leahy, 

1973a, 1973b) . By implanting selective male ARG into virgin 

f~males of Melanoplus sanguinipes, Pickford and co-workers (1969) 

fou nd that the secretions of the short hyaline ARG had the most 

prohounced effect, whereas the "white glands" also stimulated egg 

deposition but to a much lesser extent. 

Male !• gregaria produce relatively many simple looking 

spermatophores (Pickford and Padgham, 1973) in comparision to the 

elaborate and complex spermatophore produced by Locusta migratoria 

(Gregory. 1965) , even though the ARGs in the two insects have the 

same morphological characteristics. Considering this fact and the 

many documented fu nctions of male ARGs it seems reasonable to 

assume that individual ARGs in male S. gregaria have different 

functions, and possibly more than one such function per gland. 

Whatever functions the individual glands may be performing, it is 

certain that the active factor(s) effecting the physiology of the 

female is (are) transferred in the spermatophore along with sperm. 
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Several experimental approaches could be used to eliminate 

some of the above mentioned gaps in our knowledge on the function 

of the various ARGs in males .§.· gregaria. One such approach would 

be to selectively abl ate various ARGs and to observe if the males 

can still produce normal appearing spermatophores. Such results 

would provide direct evidence as to which of the ARGs are in-

valved in spermatophore formation, and this approach has been 

successfully used by Hartmann (1970) for Gomphocerus rufus. The 

glands which do not seem to be involved in spermatophor e production 

could then be tested for their possible involvem8nt in other known 

functions of the ARG . A second approach would be to investigate 

.the chemical nature of the spermatophore in different stages of 

spennatophore transfer. These data could then be compared with 

those obtained from the chemical analysis of various ARG secretions 

to determine which of the glands might be involved in the process 

of spermatophore formation. Relying on histochemical methods. 

this indirect approach has been used by various workers (Tatchell. 

19621 Gregory, 1965; Gerber~!!.!.· 1971bJ Legg. 1973) on a wide 

variety of arthropods . A biochemical analysis could also be coupled . 

wit h immunochemical studies like those performed by Frenk and Happ 

(1976) who traced the origin of chemical components of the sperma-

tophore to the bean-shaped ARG of Tenebrio molitor. 

The first approach to the problem of ARG function in· s. 
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gregaria (Ohadialla, 1974) proved to be difficult. That study 

showed that selective ablation was possible, but it could not be 

used without damaging the remaining glands and disrupting their 

positions within the paird ARG complex. Hence the second approach 

has been used in this study in combination with the immunochemical 

approach. Additionally, specific antibodies raised to the ARGs 

of ~· gregaria have been employed to i hibit the growth and dis

rupt the function(s} of the ARGs. To date, this is the first time 

such experiments have been performed on an insect. 

1.2 General Functions of Accessory Reproductive Glands 

The various known functions of ARG secretions have been 

reviewed by Hinton (1974) and Leopold (1976) and the ~allowing 

effect.a, other than those involved in spennatophore formation, 

have been attributed with certainty to the secretions of male 

ARGs in some arthropods : (1) stimulation of oviposition (Pickford 

.!!!!.!.• 19691 Riemann and Thorson, 19691 Chen and Buhler, 19701 

Hiss and Fuchs, 19721 Leahy, 1962, 1967, 1973a. 1973b.; Leahy and 

Craig, 1965; Leahy and Galun, 197ZJ Baumann, 1974b); (2) acce

leration of oocyte maturation (Leahy and Galun, ·19721 Aeschlimann 

and Grandjean, 1973; Khalil and Sharba~y 1975)1 (3) prevention of 

subsequent copulation through control of female receptivity 

(Craig, 19671 Riemann et!!.!.• 19671 Fuchs~ al. 1968, 19691 
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Adams and Nelson , 19681 Nelson~~· 19691 Gwadz, 19721 Baumann, 

1974b)J (4) stimulation of genital duct contractions which are 

necessary for translocation cf sperm (Davey, 1958, 1960, 19651 

(SJ activation of sperm (Shepherd, 1974a, 1974b, 1975) and sperm 

capacitation (Wagner-Jevseenko, 19581 Shepherd, 1974c)J (6) in

volvement in the fertilization process (Adlakha and Pillai,1975)1 

and (7) stimulation of feeding by females (Pappas and Oliver, 19721 

Aeschlimann and Grandjean, 19731 Dhadialla, 1975). The ARG 

secretions which effect the physiology of the female may be trans

ferred with the sperm either directly to the female, as in 

·Drosophila melanogaster (Lefevre and Jonsson, 1962), or they may 

be transferred within the spermatophores (Khalifa, 19491 Davey, 

1960, 19651 Wigglesworth, 19651 Chapmann 19691 Engelmann, 19701 

Pickford and Padgham, 1973), 

It is generally assumed for all arthropods that the sperma

tophore is derived from the paraseminal secretions of the ARGs 

and this has been confirmed in some species. Hartmann (1970), 

Laher and Edson (1973), Leahy (1973b) and Chaudhury and Dhadialla 

. C1976) by removal of ARGs of males have shown that the secretions 

of those glands contribute to the formation of spermatophores. 

Other workers have used histo- and immunochemical methods to 

trace the origin of spermatophore components to the accessory 

glands (Tatchell, 1962; Gregory, 1965; Gerber~~· 1971bJ 
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Legg, 1973; Gadzama and Happ, 1974i Frenk and Happ, 1976). In 

spite of these published works, our knowledge on the biochemical 

composition of the male ARG secretions and their involvement in 

· spermat ophore formation remains fragment~ry. 

1.3 Morphology of the Male Accessory Reproductive Glands 

Among the Insecta, the morphology of the male ARGs is as 

diverse as the morphology of the insects themselves. The glands 

may be totally lacking, as in most of the Apterygota and Pale

optera (Imms, 1960), or they may occur as heterogenous unpaired 

structures, as in the Dictyoptera (Roth, 1967) and in Arachnida 

such as the ticks (Balashov , 1972). The ARGs are multipaired 

structures in Thysonoptera (Sharga, 1933) and Orthoptera (Uvarov, 

1966), but it is common for them to occur as single paired 

structures as in the Glossinidae (Buxton, 1955) . In a number of 

muscoid flies distinct accessory glands are l acking, but the 

anterior one-third to one-half of the ejaculatory duct is usually 

enlarged in these insects. In Musca domestica this portion of the 

ejaculatory duct was found to be glandular (Leopold, 19701 

Riemann, 1973). In many Lepidoptera a pair of unusually elongate 

accessory glands arise from the seminal vesicles or "duplex~. 

while a rather complex glandular region (the unpaired gland system 

or "primary simplex") lines the anteri or portion of the genital 
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canal (Callahan and Cascio, 1962). 

Odhiambo (1969a) and Cantacuzene (1967) have detailed the 

morphology of the various accessory glanqs of~· gregaria . In 

brief, the internal reproductive organs of the male consist of 

the paired testes and seminal ducts which open into the ejacula

tory duct. In turn, numerous accessory glands ocen into the ejacu

latory duct which tenninates in the phallic complex. These 

accessory glands are in the fonn of blind-ended tubules (figures 

1 and 2) which forrr' two masses, each about 6mm long and 2.Srrm wide, 

lying in the abdomen on either side of the hind gut . Each acces

sory gland mass consists of a long centrally located gland and 15 

peripheral interwined glands. They are held together by fine 

tracheae and a s heet of fat body, the so-called paragonadal fat 

body (Odhiambo, 1967). Odhiamb~ (19698) has grouped the ARGs, 

from the appearance of their contents, into four types 

1.3.1 The "Opalescent" Gland 

Only one such gland is present in each gland mass. 

It is long and convoluted and is located on the dorso~lateral 

side of each gland mass. It is referred to as gland· number 

1 • 
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FIGURE 1 

Diagrammatic representation of the accessory reproductive 

gland complexes of the sexually mature adult male 

desert locust showing the disposition of the first 6 

glands as seen from a dorsal dissection. The glands 

are embedded in the paragonadal fat body (fb). ae-

aedeagal apparatusJ Gl-gland; tr-tracheaJ Vd-vas 

deferens. 
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The "White" Glands 

;~' 
.. 
p 

The "white" glands lie on the dorsal side of each 

gland mass and there are 4 sucr.·glands in each gland mass 

which are numbered 2,3,5 and 6. The colour of the gland 

contents varies from a pale white to an opaque or milky 

white. Of these, gland 6 is a nearly straight gland, con-

taining a milky white secretion, and is located on the 

median edge of the gland mass. Gland 2 contains an opaque 

sometimes glistening, white secretion, and glands 3 and 5 

contain a pale, whitish secretion. 

1.3.3 The "Hyaline" Glands 

These 10 transparent or "hyaline" glands are 

located ventrally in each gland mass, except gland 4 which 

is present dorsally. G~nd 4, like glands 11 and 12, is 

long and convoluted. The other glands in this group vary 

in length, but are comparatively short. Glands of this 

latter group (assigned to numbers 7,8,9,10,13,14 and 15) 

~ve been named the "homogeneous glands" (Odhiambo, 1969a). 
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FIGURE 2 

Diagrammatic represention of a dissection of the 

accessory reproductive gland complexes of the adult 

male desert locust showing the disposition of indivi-

dual glands in a ventral view. The hyaline glands 

(7-15) are more deeply embedded within the fat body 

(fb) than the first six glands (figure 1). Ed-Ejacu-

latory ductJ GI-gland ·, tr-trachea; Vd-vas deferens. 
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1.3~4 Seminal Vesicle 

Gland 16, or the functional seminal vesicle, has 

an iridescent appearance (due tq the quantity of contained 

sperm) ard is highly convoluted and enveloped by the fat 

body. One seminal vesicle is present in each gland mass 

where it functions in the storage of sperm produced in each 

testis. 

1.4 Histo- and E::iochemical Studies on the constituents of 

Accessory Glands 

The chemical nature of the ARG secretions in arthropods have 

been mainly investigated by histochemical means, although in a few 

notable exceptions biochemical techniques have also bee n used. On 

the basis of histochemical and ultrastructural s tudies on ARG 

secretions, Odhiambo (1969a, 1969b) classified the 16 pairs of 

accessory glards of male .2.• gregaria into 9 distinct types. The 

secretions of all ARGs, with the exception of those from glands 

3, 5 and 16 (the functional seminal vesicle), were found to be muco

polysaccharides. The secretio.ns from glands 1 and 2 were acid 

mucopolysaccharides, but the secretions of all the hyaline glands 

· were neutral mucopolysaccharides. In the same study, Odhiambo 

found that the secretion of gland 6 was a globular mucoprotein. 
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Acid and neutral mucopolysaccharides have also been found in the 

ARG secretions of Periplanetta americana(Vijayalek.shmi and Ad i yodi, 

1973). Proteins and carbohydrates also occur in the ARG secretions 

of Rhodnius prolixus (Davey, 1958), so~a Coleoptera (Anderson, 19501 

Gerber et~·· 1971b; de Loaf and Lagasse, 1972) and some Diptera 

(Leopold, 1970). Among the Arachnida, protein and carbohydrates 

have been found in the ARGs of the soft tick., ~· persicus CTatchell , 

1962) and the pseudoscorpion, Chthonius ischnocheles (Legg, 1973) . 

Gerber et al., (1971a, 1971b) have identified at least 8 secretory -- . 

components from th~ 3 pairs of ARGs of Lytta nuttalli. They 

observed that the first pair of glands secrete at least 6 different 

components, 5 of which were proteinaceous. Polysaccharides were 

also detected and one component was shown to be a glycoprotein 

complex •. 

Leopold (1970) investigated!:'.!.!. domestica with cytochemical 

methods and reported that the secretion within the ejaculatory duct 

was a homogenous proteinaceous material probably composed of highly 

basic polypeptides. Electrophoresis of homogenates taken from the 

ejacualtory ducts of male M. domestica reveal ed 20 stainable pro

tein fractions (ranging from 650-4150 in molecular weight). Ei ght 

of these bands were, however, presumed to fesult from contamination 

with haemolyph CTerranova et ~·, 1972). Similarly, preliminary 

electrophoresis of the proteins from the mushroom glands of 
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P. americana on polyacrylamide gel has shown ·5-7 fractions 

(Adiyodi and Adiyodi, cited by Vijayalekshmi and Adiyodi, 1973). 

Electrophoresis of homogenates from the paired ARGs of the tsetse 

fly, Glossina morsitans, revealed 12 stainable protein fractions, 

3 Qfwhich appeared to be glycoprotein complexes (Ohadialla, 1973) . 

Using different polyacrylamide gel systems, van Wyl (1976) 

separated the paragonial gland homogenates of Q• melanog2ster adult 

males into 12 protein fractions. Only one of these 12 bands was 

absent in the protein pattern obtained from the actual paragonial 

secretions. The molecu l ar weight range of the i::: ·Jragonial proteins 

was between 12,000 and 122,flOO daltons (von Wyl, 19761 •. He also 

identified 4 to 5 glycoprotein bands the most intensely staining 

of which had a molecu l ar weight of about 61,000 daltons. 

The polysaccharide chitin has not been detected in any of 

these studies on AR~s or their secretions (cited above). There is 

evidence , however, that it may be produced by the ARG of Heliothis 

~· since Callahan (1958) demonstrated its presence in the outer 

shell of the spermatophore of that insect. Glycogen, like chitin, 

does not appear to be a corrmon constituent of male ARG secretions. 

Thus far Landa and Riema nn have found glycogen in the secretions pf 

Melolontha and Anagasta (Leopold, 1976) . Vijayalekshmi and 

Adiyodi (1973) demonstrated that inositol was the most prominent 

carbohydrate reserve in the ARG complex of P. americana. They also 
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found traces of glucose in the mushroom glands of£:.• americana . 

Baumann (1974a) indicated that the reducing sugars, glucose and 

xylose were import~nt components of the active factor from the 

paragonial secretions of .Drosophila whlch stimulate egg maturation 

and oviposition. 

There are few studies on the amino acid composition of the 

p~oteins and smaller peptide compon~nts of the accessory secretions. 

Tyrosine was found to be a major amino acid in the secretions of 

P. americana (Vijayalekshmi and Adiyodi, 1973) and L. nuttalli 

(Gerber~~· 1971b) . Whereas, arginine, asparagine and lysine 

were found to be the most prominent amino acids in the po l ypep

tides forming the bulk of the accessory secretions of M. domestica 

(Leopold, 1970; Leopold et~, _ 19711 Terranova et~, 1972). Trace 

amounts of phenylalanine, methionine, glycine, cysteine, tyrosine, 

valine, threonine, leucine/isoleucine, histidine , serine, praline, 

tryptophan, aspartic acid, alanine, glutamic acid and glutamine 

were also found in homogenates of the ejaculatory ducts of Musca 

(Terranova 2!~· 1972) . Frank and Happ (1976) used an amino acid 

analyser to detect the presence of sixteen amino acids in the 

hydrolysates of the bean-shaped accessory glands of T. molitor. 

Quantitatively, the most importantamino acids were glutamic acid, 

aspartic acid , alanine, glycine , praline and serine. With histo

chemical techniques Legg (1973) demonstrated proteins containing 
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-SH groups, tyrosine, a r ginine and traces of cystine in the 

secrefions of the anterior glands and outer lumena of the 

posterior dorsal gland of the pseudoscorpion, £• ischnocheles. 

Extensive studies on the paragonial gland of Drosophila 

have revealed that the secretions contain large numbers of 

ninhydrin-positive components including proteins, peptides,amino 

acids and related compounds (Chen and Diem, 1961; Chen and Buhler , 

1970; Baumann,1974a). Baumann (1974a) has determined the amino 

acid composition of the accessory secretion of £• funebris. He 

found that the active factor which reduces mating receptivity 

(PS-1 fraction) was composed of 27 amino acid residues, of which 

alanine, aspartic acid, glutamic acid and serine were the most 

abundant·. Moreover, · the substance which enhances oviposition 

(PS-2 fraction) was found to be glycine derivative . Recently, 

Baumann and co -workers (1975) have determined the complete amino 

acid sequence of the PS-1 fraction from the paragonial gland of 

adult male D. funebris. Further work on the paragonial gland 

of O. nigromelanica (Chen and Oechslin, 1976) has revealed the 

presence of large quantities of glutamic acid in the secretions. 

These authors suggested that glutamic acid may be present in both 

the free form and bound to peptides and related derivatives, since 

acid hydrolysis of the paragonial gland extract resulted in a 

40% increase in glutamic acid . Chen and Baker (1976) found the 
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activity of L-alanine amino-transferase to be 2-3 times higher 

in .Q.• nigromelanica than in 0. melanogaster which does not accu-

mulate glutamic acid. 

Studies on the ARG secretions have also revealed the 

presence of lipids, primarily in the form of neutral and phos

pholipids. Vijayalekshtni and .Adiyodi (1973) used histochemical 

and chromatographic methods to demonstrate the presence of 

neutral and phospholipids in the ARG secretions of£:• americana. 

Among these phospholipids, phosphatidylcholine predominated over 

phosphatidylethanolamine. The presence of sterols and/or their 

esters was also demonstrated. 

Three of the secretory components from the first pair of 

male ARGs in L. nuttalli contained phospholipids (Gerber~~· 

1971b), while neutral lipids were present in two other substances 

from the same glands. These authors also demonstrated the presence 

of phospholipo-protein granules in a carbohydrate-phospholipid 

complex matrix from t he second pair of accessory glands of 

L. nuttalli. Similarly, Tatchell (1962) demonstrated the presence 

of a phospholipoprotein, rich in phenolic groups, and a polyphenol 

oxidase in the median granular lobe of the ARG of male ~· persicus. 

Secretions from two of the ARGs of male S. gregaria were charac

terized as acidic lipop:roteins (Odhiambo 1969a). Cyclical increases 
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in both lipid and protein content of the posterior dorsal gland 

secretions have been observed to correspond to breeding activity 

of C, ischnocheles (Legg, 1973), 

Roth and Dateo (1964) found that ur~c acid was secreted by 

the accessory glands of cockroaches and that it covered the out

side of spermatophores of 7 of the 39 species examined . They 

suggested that mating may be one of the means by which the male 

eliminates this end product of protein metabolism in cockroaches, 

The ARGs of other tnsects may play similar roles. One other role 

of guanine-based compounds may be as intermediates in hormone 

action. Guanylate cyclase activity has been demonstrated in the 

accessory glands of the male cricket, Acheta domesticus, by Fallon 

and Wyatt (cited by Filburn and Wyatt, 1976) . 

Tatchell (1962) pro~osed that the white material secreted 

by the third lateral granular lobe of the ARG of A. persicus was 

analogous to the secretions of the opaque accessory glands of 

Rhodnius (Davey, 1958, 1960). In Rhodnius this secretion promoted 

the rhythmic contractions of the female tract which transported 

the semen to the spermatheca and was tentatively identified as 

an indolamine. A similar physiological effect was obtained with 

homogenates of third lateral granular lobes of A. persicus ARG, 

which increased t he beat of an isolated cockroach heart pre-
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paration from 75-83 contractions per minute (Tatchell, 1962). 

Galun and Warburg (1967) found that the ARG of male Ornithodoros 

tholozani contained several pharmacologically active compounds 

(DOPA, dopamine, epinephrine and norepin~phrine). These catecho

lamines were also assumed to be responsible for sperm relocation 

by stimulation of peristalsis in the ovaries and oviducts of mated 

fema les. 

Biochemical studies on these factors from the male ARGs 

which influence spP.rm transfer, fecundity and/or mating behaviour 

indicate that they are relatively low molecular-weight substances . 

Shepherd (1974a) conducted studies on sperm activation in saturniid 

moths and found that upon ejaculation the- sperm are mixed with a 

secretion from the male's common duct which renders them vigorously 

motile. Shepherd (1975) also concluded that the activating factor 

probably functions as a catalyst rather than as an exogenous source 

of energy. The activator has been characterized as a polypeptide 

with a molecular-weight falling between 1600-4500 (Shepherd, 1974b, 

1975). Polypeptides in the PS-1 fraction of D. funebris ARGs 

secretions have a molecular-weight of 2700 {Baumann, 1974a) al

though dimerization may generate polypeptides in the range of 

5400. Terranova et~ (1972) used electrophoretic methods and 

showed the molecular-weight of the polypeptide fractions in the 

secretions of Musca ranged from 600-1400. The active factor 
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which induced non-receptive behaviour in mated female Musca 

appeared to be a peptide with a molecular-weight of 750 or less 

(Nelson~~· 1969). Fuchs et al (1968) and Fuchs and Hiss (1970) 

purified the substance "matrons" from the accessory secretions of 

male Aedes aegypti and concluded that it was composed of two pro-

teins with molecular-weights of 30,000 and 60,000 respectively. 

It should be noted that molecular-weights of the matrons subunits 

are considerably higher than those of the active factors in 

accessory secretions of other insects. 

1.5 Functions of Accessory Reproductive Glands in Relation 

to Spermatophore Formation and the Chemical Nature of 

Spermatophores 

Many terrestrial arthropods use a spermatophore for the 

transfer of sperm and seminal fluid from the male to the female. 

In such cases, a spermatophore is derived from the secretions of 

male ARG. Spermatophores of various shapes and complexities have 

been described for various arthropods (Khalifa, 1949; Tatchell, 

19621 Davey, 19651 Gregory, 19651 Feldman-Muhsam, 19671 19691 

Legg.i 19731 Pickford and Padgham, 19731 Gadzama and Happ, 1974). 

Among the Acridoidea the general morphology of male ARGs is 

similar (Uvarov, 1966), but there is still some considerable 

variation in the shape and number of sperrnatophores produced per 
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mating. Detailed investigations have been perfonned on the for

mation and fate of the spermatophore in..!:..· migratoria (Gregory, 

1965). In this species the fully fanned spermatophore is a thin 

walled, dilated reservoir which remaihs within the male copulatory 

organ during copulation. From the spermatophore a long blind 

~nded tube passes into the spermatheca of the female. In M. 

sanguinipes (Pickford and Gillet, 1971) and~· 1regaria (Pickford 

a~ Padgham, 1973), however, males produce small, relatively simple, 

tubular sperrnatophores. As many as 14 spennatophores may be 

produced during a single copulation in M. sanguinipes and S. 

gregaria but only a single spermatophore is produced by ..!:..• 

migratoria during each copulatory period. 

Gregory (1965) was able to trace strands of secretion 

from the developing spennatophores of !:.· migratoria back to the 

gland tubules which produced them and discovered the types of 

accessory glands which contributed to the formation of different 

parts of the spermatophore. In this same line of research 

Hartmann (1970) has thoroughly studied spermatophore formation 

in G. rufus and has clarified the function of different ARGs 

during the process. He showed that the structural part of the 

spermatophore was formed by secretions of the translucent glands, 

while the extrusion of the spermatophore was dependent on the 

seminal fluid and secretions of the type 1 white glands. For-
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mation of the spermatophore lumen was effected by passing the 

secretions of the type 2 white glands and opalescent gland into 

the proximaltub.Jle of the developing spermatophore. Davey (1959). 

removed one or more lobes of the transparent accessory glands of 

R. prolixus and demonstrated that ·the spermatophores which were 

produced were smaller but normal. These data implicated the 

transparent glands as the primary source of the material which 

contribute to the main body of the spermatophore. In the same 

study. ablation of the opaque lobes of the accessory glands did 

not prevent sperme:ophore formation. but did prevent the transfer 

ef sperm within the female from the burs~ copulatrix to the 

spermatheca. Davey (1959) also demonstrated that solidification 

of the fluid secretion of the transparent glands results from 

the lowering in pH brought about by secretions from the bulbus 

ejaculatorius. 

The complex spermatophore of h.· nuttaJlf. consists of a 

unique tubular structure and a mass of jelly-like material which 

contains the spermatozoa (Gerber~~· 1971b). They found that 

the wall of the spermatophore tube was composed of 3 layers of 

diff~rent substances which were produced by the first pair of 

male ARGs. The outer layer and the lateral mass of the wall were 

composed of a carbohydrate-lipid complex wit h phospholipoprotein 

crystal-like infclusions. The middle layer contained a phospholi-
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poprotein, while the inner layer of the wall consisted of a 

lipoprotein with a neutral lipid moiety. The jelly-like material, 

which enclosed the spermatozoa, contained carbohydrate (not 

glycogen or chitin), protein and phospholipid and was derived from 

the vasa deferentia . Similarly, Gadzama and Happ (1974) showed 

that the wall of the highly organized spermatophore of .!.· molitor 

consisted of an outer tube and an inner core, both containing 

lipoprotein and protein fractions. 

Frenk and Happ (1976) were the first to· combine biochemical 

and immunological methods to further our knowledge on the chemical 

composition of insect spermatophores. Acid hydrolysis of sperma

tophores from male T. molitor yielded 16 amino acids of which 

praline, glutamic acid, aspartic acid, alanine and glycine had 

quantitative importance. A similar amino acid composition was 

found in acid hydrolysis of the bean-shaped accessory gland of 

T, molitor. These biochemical data and similarities in immuno

logical characteristics led Frenk and Happ (1976) to suggest that 

the spermatophore is derived from the bean-shaped accessory gland. 

Tatchell (1962) studied the intimate morphology and histo

chemistry of both the spermatophore and the male a.ccessory glands 

in the soft tick, A. persicus. He found that the spermatophore 

was coated with a thin layer of acid mucopolysacchar;ide secreted 
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by the anterior and posterior spongy lobes of ARG. The main wall 

of the ectospermatophore was formed from lateral granular lobe 

which interacts with the phospholipoprotein secretions of median 

granul ar lobe. Tatchell (1962) also found that the tip of the 

spermatophor e was derived from an acid-mucopolysac::::haride ""' protein 

complex which was secreted by the anterior dorsal lobe of the ARG. 

The role of ARG in the male pseudoscorpion, £• ischnocheles , in 

relation to spermatophore formation has been ellucidated by Legg 

(1973). He showed that the spermatophore was largely proteina

ceous and that the stalk protein contained argin~ne, traces of 

-SH and tyrosine. The viscous sperm f l uid packet and sperm cyst 

was shown to contain polysaccharide , acidic and neutral mucopoly

saccharides and traces of alpha glycerol. Lipids were demonstrated 

only in the spermatophore stalk and viscous sperm packet (Legg, 

1973). Amino acid analysis of the spermatophore revealed 17 amino 

acids with high levels of glycine, glutamic acid, serine and 

aspartic acid (Hunt and Legg, 1971). Legg (1973) proposed a new 

function for the secretion of the lateral accessory gland C. 

ischnocheles. This secretion forms an oily liquid droplet on the 

completed spermatophoreJ and it was suggested that it contains a 

substance (possibly a pheromone) which enables the female to 

locate the spennatophore. 

Studies on the enzymetic composition of ARG secretions 
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and/or spermatophores are few (Feldma n-M uhsam ~ ~· 1973J Mann 

~~· 1973) . In their work on unevaginated spermatophores of 

£• savignyi (Feldman-Muhsam, 1967, 1969), Feldman-Muhsam and 

co-workers (1973) indicated the presence of a non-specific 

esterase in the endospermatophore membrane and an alkaline phos

ptates in the neck region of the endospermatophore and in the 

spermiophores. Tatchell (1962) demonstrated the presence of e 

high non-specific esterase activity in ' the mid-region of the 

posterior dorsal granular lobe rif A. persicus. The presence ·of 

highly active glycosidases in the spennatophores and male acces

sory secretions of the mollusc, Octopus dofleini martini, was 

discovered by Mann and co-workers (1973). They showed that 

a-mannosidases and S-N-acetylglucosaminidase activity was located 

within the spermatophore. 

1.6 Immunological Studies with Accessory Reproductive Glands 

Considerable interest has been shown in the use of immuno

logical methods in studies on verebrate reproduction (Piko, 1967J 

Shivers and Dudkiewicz, 1974). However, these methods have not 

yet been fully exploited in the study of arthropod reproductive 

mechanisms. Frenk and Happ (1976) used rat-anti-spermatophore 

and rat-anti-bean-shaped ARG sera to identify immunologically 

similar components in the spermatophore and bean-shaped ARG in 
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T. molitor. Their inmunological data was supported by biochemical 

data which strongly suggested that the spermatophore was derived 

from the bean-shaped accessory gland, at least in part. In a 

different study, Friedel and Gillet (1976 ) demonstrated the extra 

glandular synthesis of ARG components in male.!!• sanguinipes. 

With immunochemical and radio-tracer methods they showed that the 

fat body synthesizes certain proteins which are released into the 

haemolymph and accumulated within the tissues of the ARG, 

1.7 Sunrnary of Research Project Objectives 

In consideration of the previously existing data on the 

anatomy and function of the ARGs of ~· gregaria in relationship 

to what was known about the ARGs of other arthropods, two 

principal goals were set for this research project. The first 

goal was to obtain a chemical characterization of the secretions 

of individual ARGs by electrophoretic, immunochemical and chroma

tographic methods. The resu l ts of these investigations would then 

be used to confirm, refute or expand Odhiambo's (1969a, 1969b) 

classification system for the ARGs of male~· gregaria. The 

second goal of this project was to use these same electrophoretic 

and immunochemical techniques to charactertize the chemical 

nature of the spermatophore and the seminal fluids and to obtain 

a better understanding of the roles of individual ARG secretions 
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in their formation. Following initial successes in the raising 

of antibodies in guinea-pigs to components of ARG secretions a 

third goal was formulated. This goal was to determine if the 

injection of antibodies raised against ARG secretions could be used 

to disrupt the normal sexual maturation and/or the functions of 

the ARGs in male .2.· gregaria. 
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CHAPTER II 

MATERIALS AND METHODS 

2.1 Source and Breeding Condit i ons of t he Experiment al 

Material 

The insects used for this study were the male desert 

locust, Schistocerca gregaria Forskal belonging to the family 

Acrididae and sub-f amily Cyrtacanthacridinae . The locusts were 

obtained from a breeding stock maintained in t he Department of 

Zoology, University of Nairobi. 

The breeding methods of Hunter-Jone~ (1966) were followed 

and the locusts were kept in a cr owded condition. The mean tem

perature inside the cages was 30±4°c under ·a 12 hour light and 

12 hour dark photoperiods. During the course of the study the 

locusts were fed fresh grass daily. 

All biochemical investigations were performed on 19- day

old sexually mature, unmated males. The sexually mature males 

have attained their yellow body colouration by this age (Norris, 

1954J Penner, 1967) and ARGs are fully developed (0d hiambo,1966b) . 

Under the described breeding conditions, copulation occurred as 

early as the twelfth day after the adult moult. Therefore, males 
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were maintained in the unmated state by separating the sexes on 

the tenth day after adult ecdysis. 

2.2 Dissection and Collection of Samples 

Prior to dissection. 60 to 100 µ1 of haemolyph was 

collected from each locust through a cut on the dorsum of the 

third abdominal segment. This haemolymph was pooled in small 

plastic tubes. containing a few crystals of phenylthiourea, and 
. 0 

stored at -20 C until needed for analysis. 

Immediately after collecting haemolymph, the adult male 

was dissected in 0.9% NaC~ (normal saline). Each ARG was care-

fully pulled from the proximal end, rinsed in normal saline and 

then collected in little ampoules. containing 50 µ~ saline, stored 

over ice. Care was taken not to puncture or break the glands 

and to remove as much of the adhering fat body as possible. The 

landmarks described by Odhiambo (1969a) were used to identify the 

various glands . 

Each of the gland types from 23 pairs of ARG were indi-

vidually squeezed to collect their secretions. The secretions 

were immediately transferred into small plastic tubes and stored 

at 4°c. Pooled secretions from each gland type were t hen stored 
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0 at -20 c. The milky white washings of the paragonadal fat body 
. 0 

were also collected and stored at -20 c. 

2.3 Protein and Free Amino Acid Analysis 

2. 3.1 Disc Electrophoresis 

Disc electrophoresis. modified from the method of · 

Davis (1964). was employed to separate proteins, glyco-

proteins and lipoproteins in secretions of various glands, 

fat body and the haemolymph. Sample and spacer gels were 

prepared as described by Davis (1964), but the separation 

gel used in this experiment consisted of 7.5% -cyanogum "41" 

(BDH Chemicals Ltd •• Poole, England) and 10% ammonium per-

sulphate in Tris-citrate buffer ( . 076M- .005M) pH 8,6, and 

N,N,N',N'- Tetramethyl-ethylenediamine (TEMED. BDH, Chemi-

cals Ltd., Poole,England). When 19 ml 7.5% Cyanogum '41', 

0,1 ml 10% arrrnonium persulphate and 50 µi TEMED, were used, 

the chemical polymerization of the gel proceeded at a 

.favourable rate which allowed water layering of the gels. 

It was necessary. however, to de-aerate the mixture before 

fill ing the glass tubes. This allowed the preparatioh of 

polymerized gels which were free of air bubbles. Glass 

tubes with an inner diameter of 2 . 5 mm and a length of 
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6 cm were used on a modified "Canalco" disc electro-

phoresis apparatus, mode l 1200 (Canalco Industrial 

Corporation, Rockville, Maryland, U.S .A.) and rubber 

grometts to fit the glass tubes were inserted · into original 

rubber grometts in the upper chamber of the apparatus. 

Electrophoresis was carried out in D.3M Boric acid buffer 

adjusted to pH 8.6 with NaDH. A current of 1 . 5mA/gel was 

applied for 35 minutes. 

2.3.2 Staining Methods 

2.3.2.i Proteins 

Following electrophoresis, protains were stained 

with Coomassie brilliant blue-G (CBB-G) (Diezel 

~al .. , 1972). Bands positve for proteins appeared 

as light to dark blue bands. 

2.3 . 2.ii Glycoproteins 

Following electrophoresis, the gels were fixed 

overnight in 7 . 5% acetic acid at 4°c . They were 

then washed in distilled water and oxid i zed in 1% 

0 aqueous periodic acid for one hour at 4 c. Excess 
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periodic acid was removed by washing the gels for 3-4 

hours with distilled water which was changed every half 

hour. The gels were then immersed in Schiff ' s reagent 

(Pearse, 1960) for 1-2 hours. Carbohydrates appeared as 

pink to red coloured bands. To confirm whether any of 

the Periodic acid-Schiff (PAS) positive bands are formed 

by glycoproteins, the gels were destained in sulphite 

water (Olembo, 1972) for 2-3 hours and then transferred 

into 50 ml 7.5% acetic acid. Three drops of 1% Amide 

black 10B (ABB) in 7.5% acetic acid were added to the 

staining dish and PAS-positive bands containing glyco-

proteins turned blue after 16 hours • . With this method 

care was taken (1) to note the position of PAS-positive 

bands before adding Amide black 10B solution, and (ii) 

not to add an excess of Amide black staining solution, 

which would then stain some of the non-glycoprotein bands. 

2.3 . 2.iii Lipoproteins 

The method of Maurer (1971), using Sudan black 8, was 

used to locate lipid or lipoprotein bands on gels. The 

lipoprotein bands detected by this method were fixed and 

counterstained permanently with iodine solution, which 

was prepared as cited by Maurer (1971). 
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Invnunoelectrophoresis Analysis 

2.3.3.1 Preparation of test antisera 

Out-bred guinea-pigs, either sex, weighing O.S to 

1 kg, were used. They were maintained at the 

East African Veterinary Research Organization, 

Muguga, on a free choice of cabbage, rabbit chow 

and water. 

Prior to injection, the protein concentration of 

the various ARG antigens to be used was determined 

by the the method of Lowry et~·· as cited in 

Bailey (1968). A protein standard solution of 

crystalline bovine albumin was used to make the 

standard curve. Immediately prior to injection, 

a dilution of each antigen was prepared in sterile, 

0.85% saline solution to give approximately 200 to 

300 µg protein in 2 ml final volume. An equal 

volume of Freund's complete adjuvant (Difeo Labo

ratories, Detroit, Michigan) was added and the 

mixture emulsified by repeated aspiration into a 

'syringe. 
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At injection, each antigen mixture was adminis

tered to groups of two guinea-pigs. Each animal 

received D.1 ml in b~ intramuscular sites, and 

1.6 to 1.8 ml in 5-8 s~bsutaneous sites. The 

injections were repeated at approximately two 

week intervals for a total of 3 injections. 

Approximately 8 weeks after the initial injection, 

blood was collected by intracardiac puncture and 

the serum collected from the clot after 18- 24 

hours at ambient temperature. 

Antisera were prepared against the following 

antigenic ~aterials 

1 Homogenate of ARGs 1,2,3,4,5,6,11,12 and 

homogenous glands 

2 Homogenate of ARG 1 

3 Homogenate of ARG 2 

4 Homogenate of ARG 3 

5 Homogenate of ARG 4 

6 Homogenate of ARG 5 

7 Homogenate of ARG 6 

8 Homogenate of homage nous · glands 

9 Homogenate of ARG 11 
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10 Homogenate of ARG 12 

11 Haemolymph after centrifugation to 

to remove haemocyi;es 

2,3,3.ii Immunoelectrophoresis 

Immunoelectrophoresis (IE, Scheideggar, 1955) 

was carried out in 1% Noble agar in pH 8,2 

barbital- HCl buffer CO.DSM) on glass microscope 

slides using the "Shandon" ar'Jaratus (Shandon 

Southern Products Limited, Cheshire, England). 

A gel cutter was used to cut 60 mm troughs and 

2mm wells in various configurations, depending 

on the experiment . The wells were aspirated, 

the material ' to be electrophoresed added, and 

separation carried out for 45 minutes with a 

potential of 30 volts across the slides. 

Following electrophor esis the troughs were 

removed by aspiration and filled wit h guinea-

pig antiserum to develop the precipitin arcs. 

The slides were incubated in a humid chamber 

at ambient temperature for 24 hours. Occasio-

nally during incubation, the troughs were re-

filled with antiserum. The slides were then 
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submersed in distilled wa t er for 24 -48 hours 

to remove unreacted protein. dried, and s t ained 

with D.1% Amide black B in 9:1 methanol: 

acetic acid solvent. Excess stain was removed 

by 3 washings in methanol:acetic acid (9:1) 

solvent. 

2.3 . 4 Free Amino Acid Analysis 

Free amino acids were extract P-d from individual 

gland secretions of 46 glands of each type using 4 ml 80% 

methanol (MeOH). The methanolic ext racts were c~ntrifuged 

0 after 24 hours, at 4 c. and the supernatents were evaporated 

to dryness under vaccum at so0 c using a rota r y evaporator. 

The residue i n a flask was weighed and redissolved in 200 µR. 

80% MeOH. 0 These were then stored at -20 C until used for 

paper chromatography and high voltage electrophoresis. 

2.3.4.i Paper chromatography 

Two dimensional chromatograms were prepared by 

an ascending technique (Smith. 1969) on Whatman 

No. 1MM paper (25x25 cm) . Ten microlitres of 

each extract was applied on a chromatogram . The 
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first separation was performed with a solvent 

mixture of n-butanol -acetic acid-water (12:3:5 

v/v/v), giving a migration time for 23 cm of 

about 15 hours. After air drying for 9-10 hours 

the chromatograms were run in the second direction 

with a phenol-water (4:1 v/v ) solvent mixture, 

also giving a migration time for 23 cm of 15 

hours. During the second run a beaker containing 

a saturated solution of KCN was placed in the 

tank to suppress the oxidation of phenol on the 

paper. The chromatograms were air dried for 

24 hours to remove residual phenol, before 

dipping in 0.2% ninhydrin in acetone solution. 

They were developed by heating in an oven at 

' 0 105 C for about one to two minutes. 

2 . 3,4.ii High voltage electrophoresis (I-NE) 

Using methanolic extracts (Section 2.3 . 4) of 

individual gland secretions, paragonadal fat 

body and haemolymph, I-NE was performed on Whatman 

No . 3 MM paper on a Savant instrument (plate 

type) with 5, 000 volt power supply . A potential 

difference of 60 V/cm was applied for 1 hour . 
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· Buffers used were of pH 1.9 (formic acid -acetic 

acid-water; 33:147:1820 v/v/v), pH 3.6 (pyridine-

acetic acid-water .J 10: 100:1900 v/v/vl and pH 

6 . 5 (pyridine-acetic acid -wat erJ 100 :4:1900 v/v/v). 

0 Papers were dried in an oven at 105 C for 10 

minutes before dipping in 0.2% ninhydrin in ace-

tone solution . They were then developed in an 

0 oven at 105 C for about 2 minutes . 

2 . 4 Paper Chromatography of Free Sugars 

Descending paper chromatography of methanolic extracts of 

individual gland secretions. paragonadal fat body and haemolymph 

(Section 2.3.4) on Whatman No . 1 MM (46x57 cm) was carried out 

with n- butanol-acetic acid-water (4:1:1 v/v/v) solvent mixture , 

giving a migration time of approximately 18 hours. 

After air drying the chromatograms, the free sugars were 

detected by the following reagents : 

1. The paper was dipped in an acetone silver nitrate 

solution (5g AgN0 3 in 400 ml acetone), air dried and 

dipped in an alcoholic solution of sodium hydroxide 

' (0.5% NaOH in 95% ethanol). The chromatograms were 
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finally fixed by dipping in a 5% sodium thiosulphate 

solution. Sugars and amino sugars gave black and 

brown spots respectively (Trevelyan ~ ~·, 1950). 

2. Alternatively, sugars and ami no sugars were detected 

by dipping the air dried chromatograms in aniline 

pthalate reagent (Harbone, 1973) and drying the chro-
• . 0 

matograms in an ovenat 105 C for 2-3 minutes. 

3. The amino sugars or compounds containing an amino group 

were also detected on the chromatogram after exposure 

to ninhydrin solution (Section 2.3.4 . i). 

2.4.1 Spot Tests for Purines and Pyrimidines 

A compound which did not react with alkaline silver 

nitrate, leaving a white spot on the chromatogram, was 

eluted and spot tests were performed on the eluant. Extracts 

were applied across the full width of the chromatogram. 

After chromatography, the band of the unknown compound was 

located by cutting off edges of the paper which were then 

developed with alkaline AgN0 3 • The slip of chromatogram 

which contained the unknown band was cut out, wrapped in 

parafilm and eluted with 80% methanol by capilarity. 
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From 12-20 µR. of the concentrated e1uant was 

spotted on a strip of Whatman No.1 MM paper which was also 

spotted with adenosine. adenosine triphosphate (ATP), cyti

dine triphosphate (CTP), urdine .triphosphate CUTP ) standards 

and 80% methanolic extract of tick excreta. which contains 

guanine (Balashov. 1959: Hamdy, 197-2). 

Spot strips were exposed to the following tests : 

(a) eosine-mercury stain for purinesJ (b) silver nitrat~

dichromate ~tain for purines, (c) Wood's reagent for purines 

and pyrimidines (Merck. 1967)J (e) Sakaguchi test for 

arginine and guanidines (cited in Dawson et ~·. 1972) 

(f) ninhydrin stain for amino or imino containing compoundsJ 

and Cg) alkaline silver nitrate for sugars (Trevelyan~~ 

1950). 

2.5 Thin Layer Chromatography of Lipids and Phospholipids 

Lipids and phospholipids from individual gland secretions. 

paragonadal fat body and haemolymph were extracted with chloro

form : methanol ( 2: 1 v/vl. The samples were left overnight in 

chloroform : methanol and then centrifuged in a clinical centri

fuge for 10 minutes, The supernatant from each sample was eva

porated to dryness at so0 c u&ing a vaccum rotary evaporator, The 
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dried samples were weighed an:l redissolved in D.2 ml chloro

form : methanol (2:1 v/v) and stored at -20°c until needed for 

thin layer chromatography (TLC). The method of Felch ·et al., (1957) 

for lipid extraction was modif.ied due to the small size of samples. 

2.s.1 Neutral Lipid Separation 

Glass plates (20x20 cm) coated with 0.25 mm thick 

silica gel 'G' were prepared from a mixture of 40g silica 

gel 'G' and 80 ml distilled water (Stahl , 1969), Plates 

0 were activated in an oven at 110 C overnight before use. 

Fifteen microlitres of each sample and known standards of 

various neutral lipid classes were applied in a row 2 cm 

from the bottom of each plate. 

In a solvent system of petroleum ether Cb.pt. 

60-Bo0 cl ':diethyl ether-acetic acid (60:40:1) (Stahl. 1969) 

· it took 25 minutes for the solvent front to migrate 15 cm 

beginning at the point of sample application. All solvents 

used were of analytical grade and had been redistilled. 

The plates were air dried an:l the separated neutral 

lipid classes were visualized with iodine vapour. The 

visible spots were marked when the plates were removed 
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from the iodine tank. 

2.5.2 Phospholipid Separation 

Glass plates were coated with 0. 25 mm thick layer 

of 40 g silica gel ' G' in 80 ml 0.001N Na2C03 (Randerath, 

1968) . The plates were activated at 100°c for 1 hour before 

use. Each TLC plate was spot ted with known phospholipid 

standards and with 15 µ~ of each sample. 

Solvent system of chloroform-methanol-acetic acid

water (60:30:10:3.5 v/v/v/v) was added to chromatography 

tanks lined on 3 sides with blotting paper. The tanks were 

saturated for 5 hours. The running time was 45 minutes for 

15 cm. After 13 cm of solvent migration, the solvent moved 

slower in the centre than on the sides. 

The spots were visualized as for neutral lipids in 

Section 2.s . 2. 

2.6 Enzyme Studies 

The disc el ectrophoresis method described in Sect ion 

2.3.1 was modified by mixing the samples with 40% sucrose 
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(1: 1 v/v) and applying them on top of the spacer gel. Ten micro-

litre of each sample was used. Because of the slow electro-

phoretic mobility of enzymes. the running time was 40 minutes with 

a current of 1.5 mA/tube. 

. Enzyme patterns were compared with the protein patterns of 

each sample, which were obtained aft~r electrophorSsis with the 

above modifications and stained with CBB-G (Oiezel et al •• 1972). 

A further modification of the method was necessary in the case of 

the haemolymph where only 2 µR. of the sample was used . 

Detection methods for .alkaline phosphatases (AlPase).malic 

dehydroganase (MOH), malic enzyme CME), a-glycerophosphate de-

hydrogenase (a-GPDH), iso - citrate dehydrogenase (IDHJ and xanthine 

dehydrogenase (XOH) were those of Toledo and Magalhaes (1973). 

The technique for detecting acid phosphatase (AcPase) was that of 

Terranova and Leopold (1973) . Non-specific esterases were detected 

by the method of Whitemore and Gilbert (1974) . 

Stained gels were thoroughly washed in distilled water and 

stored in 7.5% acetic acid • 

. , 
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2.7 Involvement of the Glands in Spermatophore Formation 

Sequence of Events During Sperm Transfer 

In order to study the sequence of events during 

sperm transfer , adult unmated males and virgin females 

were separated on tenth day after adult moult, · Three days 

later mating was initiated by introducing virgin females 

into cages (27x27x16 cm) containing males. After pairs 

had been ~ copula for 5-7 minutes, they were gently 

removed from the cage and transferred into SDx80 mm Kilner 

jars. At various time :intervals, locusts were transferred 

into a deep freeze to Virtually stop the process of sperm 

transfer. When present, spermatophore(s) and sperm were 

collected from the male aedeagus and from between the female 

ovipositors and were observed under a compound phase con-

trast microscope. Female spermathecal duct and spermatheca 

were dissected and the presence or absence of sperm was 

observed. 

2.7. 2 From results of experiments in Chapter 7.1 the time 

taken for the formation of the first spermatophore was 

known. Within 15-30 minutes of the onset of copulation, 
; 

copulating pairs were separated and the spermatophore plus 
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seminal fluid was collected from the male aedeagus. Sperm 

and spermatophores from various males were collected in a 

small plastic tube containing 50 µ.t normal saline, centri

(R) 
fuges for 30 s.econds in a Beckmaf'.l spincho microfuge and 

stored at -20°c. 

Evacuated spermatophores were collected from in-

seminated females. Following a normal copulation period 

(as long as 6 hours) at least 6 spermatophores could be 

collected ~ram each female. These pooled spermatophores 

were briefly homogenized in an· a11 glass homogenizer 

containing 20 µR. normal saline, centrifuged for 3 minute·s 

. {R) 
in a Beckman spincho microfuge and the supernatant 

stored at - 20°c. 

2.7.3 Disc Electrophoresis 

The disc electrophoresis method used for analysing 

the washings from intact spermatophores obtained from males 

and the homogenates of evacuated spermatophores from. females 

was that described in Section 2.3.1. After electrophoresis, 

the gels were stained for proteins, glycoproteins and lipo~ 

proteins as in Section 2.3.2. 
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2.7.4 Immunoelectrophoresis 

Immunoelectrophoretic procedures Section 2.3.3.ii 

were used to identify the probable origin of spermatophore 

antigens from the various gland secretions. Two micro

litre samples of intact spermatophore washings and super

natents from homogenised evacuated spermatophores were 

electrophoresed in 1% Nob l e agar on glass microscope slides. 

Electrophoresed samples were cross-reacted with various 

guinea-pig-:-rnti-individual ARG sera using the technique 

discussed in Section 2.3.3 .ii. 

2,8 Effects of Specific Antibodies on t he Development and 

Function of Accessory Reproductive Glands 

Adult male locusts, 3 days (series I), 7 days (series II) 

and 10 days old (series III) were injected with guinea - pig-anti

ARG serum mi xture (Gp-a-ARG mix). Injections were made into 

the haemocoel of the locusts between the lateral margins of 3rd 

and 4th abdominal segments using a 26 gauge needle. Each injection 

consisted of 0.1 ml of the Gp-a-ARG serum mixture. Seri es I was 

given a total of 3 injections Con 3rd, 7th and 10th days respec_ 

tively), series II two injections (on 7th and 10th days respec-

tively) and series III one injection on the 10th day. Control 
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males of series I and II received 0.1 ml normal guinea-pig serum 

injections on the same days. On the 10th day following adult 

moult both experimental and control males were separated from 

females. After 3 days they were re-introduced into the original 

cage to observe the occurrence and relative success of matings. 

All experiments were terminated when males (experimental 

and controls) were 19 day old. At this age the male were 

dissected and measurements of length and width of the ARG complex 

was taken in order to access effects of antibody injections on 

their development. 

Similarly 3.7.10 and 19 .day old normal untreated males 

were dissected and measurements of their ARG complex were taken 

to form a basis for comparison with the results from experimental 

and control male locusts. 

Normal guiriea~ig serum was electrophoresed using the methods 

described in Section 2.3.1 to determine if any guinea-pig serum 

proteins are similar to locust haemolymph and individual ARG 

gland proteins . 
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CH~PTER III 
· ' 

PROTEIN AND FREE AMINO ACID ANALYSIS 

Polyacrylamide gel electrophoresi·s and/or irrmunoelectro

phoresis have rarely been used to analyse and characterise ARG 

secretions from males of arthropods. Terranova and co-workers 

(1972) and van Wyl (1976) have analysed ARG secretions from male 

dipterans using electrophoresis and discerned that the secretions 

had multiple protein patterns, even though• at least in the case 

of M. domestica, ti.e secretory cells appear to be histochemically 

and ultrastructurally the same (Leopold, 19701 Riemann, 1973). 

The unpaired gland of several lepidopterans has been variously 

reported to produce 4-8 secretions (Callahan and Cascio, 19621 

Khalifa, 19501 Shepherd, 1974a). Contrary to the rather simple 

anatomy of the ARGs in Lepidoptera, that of both ARG masses in 

~· gregaria is very complicated. In this species both ARG masses 

contain 16 tubular glands each, and have been grouped into 9 

different types (Odhiambo, 1969a). Each type has a characteristic 

anatomy and secretes a product with distinctive morphological, 

histochemical and ultrastructural properties (Odhiambo, 1969a, 

1969b). The results obtained by Odhiambo will be brought in the 

text as the electropherogram for each gla nd is described. 
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3.1 Disc Gel Electrophoresis 

In the present study one of the primary objectives has 

been to confirm or find other differences in the classification 

of the ARGs of.§.• gregaria, established by Odhiambo (1969a). 

Using·disc electrophoresis, secretions of the various ARGs of 

male .§_. gregaria have been found to have multiple protein 

pa_tterns and in some cases even multiple glycoprotein patterns. 

None of the individual glands and the homogenous gland secretions 

-
analysed have revealed identical protein composition though there 

are a number of protein bands common to some glands. 

In this section, description of the protein and glyco-

protein patterns for the secretions of individual male accessory 

glands, paragonadal fat body and haemolymph has been followed ·by 

a comparison of the protein patterns of·all glands. The protein 

electropherograms have been described using two systems. For the 

fir st system a lettering convention has been used-assigning the 

letter A to the fastes t moving band and the subsequent alphabet 

letters to the slower bands as they appear. Consequently, in the 

text, band 1-A represents the fastest moving band of gland 1, and 

band"l-b-Z represents the slowest moving band from the secretions 

of the homogenous glands. For comparison of the protein patterns 

a numbering convention has been used, assigning a number to 
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protein bands that have a similar or identical electrophoretic 

mobility . Once again the number one has been assigned to the 

fastest moving band. Protein patterns from the various samples 

have been arbitrarily divided into fast, medium and slow zones 

based on the relative electrophoretic mobility of the various 

proteins. Periodic acid-Schiff-positive bands in a sample have 

been designated by numbering the fastest moving band with the 

Roman number one (I). 

3.1 .1 Gland 1 

Viewing from a dorso-lateral position on the 

paired gland complex, this gland is long and opalescent. 

It has previously been shown to contain an acid muco-

protein or mucopolysaccharide secretion (Odhiambo 1969a). 

-~ - In this study, 20 fractions were obtained when the 

electrophoresed secretions of gland 1 were stained with 

CBB-G. Three faintly staining bands were obtained in 

the fast zone, whereas 10 bands appeared in ' the medium 

zone (figure 3). Of these, the wide and intensely stained 

band designated as 1-L consisted of 2 overlapping bands. 

This was revealed by electrophoresing dilute samples of 

the secretion for 40 minutes instead of the usual 35 

minutes. Protein band 1-I also stained intensely. In 
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the slow zone 7 bands were present . The high intensity of 

the staining reaction of the wide band designated as 1-0 

was once again due to the presence of two overlapping bands. 

Since a PAS-positive band (1-I •. Figure 3) appeared in this 

same region (1-D. Figure 3). the bands were probably formed 

by a glycoprotein complex. A similar situation existed 

for a second PAS band (1-II. Figure 3) which corresponded 

to the 1-P protein band. 

3.1. 2 

The fibrous mucopolysaccharide secretion of this 

white opaque gland (Odhiambo. 1969a) could be separated 

into 18 protein fractions (Figure 3). The faint histo

chemical reactions of the various protein fractions indi

cated the low proteinacous content of this gland secretions. 

A PAS-positive band (2-I. Figure 3) appeared in the same 

region as protein band 2-P (Figure 3) indicating the glyco

protein nature of the bands. 

3.1 . 3 Gland 3 

This is a long pale white gland lying ventral to 

gland 2 on the dorsal side of the accessory gland complex. 
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FIGURE 3 

Electrophoretic patterns of proteins and glycoproteins 

from the secretions of accessory reproductive glands 

1_,2 and 3; CBB-G, gels stained for proteins with co 

omassie brilliant blue-G; PAS, gels stained for ca~bo

hydrates with per-iodic acid Schiff's reagents,See 

text for explanation of electrophoretic band labelling 

and numbering systems. 
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The secretions of this gland have been shown to consist of 

acidic lipoproteins (Odhiambo, 1969a). Electrophoresis 

of the gland 3 secretion revealed 19 protein bands 

(Figure 3). · Maximum concentration of protein bands was in 

the slow and medium zone. Of these, band 3-J (Figure 3) 

consisted of two pr-otein bands. Three positive stained 

bards were obtained after PAS staining (Figure 3J. The 

PAS-positive band 3-I corresponded to protein band 3-J, 

indicating that this may be a glycoprotein complex. This 

was confinned by purplish counter staining of the PAS-

positive bands with ABB. While band 3-II appeared in the 

same region as the protein band 3-Q (Figure 3), band 3-III 

did not correspond to any protein band. 

3.1.4 Gland 4 

When viewed dorsally, lying inbetween gland 3 and 

5, is the long convoluted hyaline gland 4. Secretions of 

this glard have been shown to be minutely granular, con-

sisting of mucopolysaccharides (Odhiambo, 1969a). Twenty 

one protein fractions appeared after staining the electro-

phoresed secretions of gland 4 with CBB-G (Figure 4). The 

secretions of gland 4 always resolved into clear and sharp 

protein bands, more so than the protein patterns from other 
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gland secretions. There was a major protein band (4-J. 

Figure 4) in the medium zone, This band was wide and 

stained intensely with CBB-G. There were six other protein 

bands (bands 4-A. 4-C, 4-E. 4-F. 4-H and 4-T. Figure 4) 

which also stained intensely with CBB-G. Four bands appeared 

when the electrophoresed secretions were stained with PAS 

reagent. A major PAS-positive band (4-II, Figure 4J corres

ponded to protein band 4-J. The PAS-positive band. 4-I 

appeared in the same region of protein band 4-I, whereas 

bands 4-V and 4-V1 corresponded to protei;1 band 4-T (Figure 

4). The other bands which stained faintly with the PAS 

reagent appeared between protein bands designated as 4-R 

and 4-S. 

3.1.5 Gland 5 

The pale whi te acidic-lipoprotein secretion of this 

long opaque white gland (Odhiambo. 1969a) was separated into 

17 protein fractions. Four major protein bands appeared in 

the medium zone. These bands are designated as 5-J, 5-K. 

5-L and 5-M (Figure 4). In the slow zohei, band 5-P was the 

only major protein band. PAS-positive bands 5-1V and 5-V 

appeared in the region of the single protein band 5-P 

(figure 4), indicating, not only. that the protein band 
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FIGURE !.J 

Electrophoretic patterns of proteins and glycoproteins 

from the secretions of accessory reproductive glands 

4~5 and 6; CBB-G, gels stained for proteins with co

omassie brilliant blue-G; PAS, gels stained for carbo

hydrates with per-iodic acid Schiff's reagents.See 

text for explanation of electrophoretic band labelling 

and numbering systems. 
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5-P may be composed of two protein bands but also that 

these bands are glycoprotein complexes. 

3.1.6 Gland 6 

This gland is an almost straight gland, containing 

a milky white mucoprotein secretion (Odhiambo, 1969a). 

This glanq is present on the median edge of the gland mass. 

Twelve protein fractions were obtained after electrophoresis 

of gland 6 secretions. Two major protei~ bands, 6-G and 

6-F, were intensely stained with CBB-G (Figure 4). Both 

bands appeared to be composed of two bands (as indicated 

by electrophoresing dilute samples). Like the protein 

bands 3-0 (Figure 3) and 5-P (Figure 4) from secretions 

of glands 3 and 5 respectively, band 6-J of gland. 6 

(Figure 4) stained intensely for proteins. Four bands 

appeared with the PAS test. The major PAS-positive band, 

6-I (figure 4) appeared in the region between bands of 6-F 

and 6-G of the protein pattern (Figure 4). Infact this 

PAS-positive band is overlapped at its edges by the two 

protein bands, more so by the 6-F protein band. The PAS

positive band is either a glyco-6-F or a glyco-6-G protein 

band. Two PAS-positive bands, 6-III and 6-IV, also appeared 

in the ' region of protein band 6-J. The fourth PAS-positive 
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band 6-II did not correspond to any of the protein bands. 

indicating that it is probably not a glycoprotein 

3.1.7 ... 
Homoge')..ous ~lands 

These groups of glands have a homogenously minutely 

fibrous secretion which stains intensely for neutral ~mueo-

polysaccharides (Odhiambo, 1969a). The combined secretions 

from these glands were separated into 26 protein bands 

(Figure 5). These bands were numerous than those obtained 

fn:im any of the other single gland analysed. Like the 

secretions of gland 2 (Figure 3) the secretions of the 

homogenous glands contained no major protein bands. The 

only faintly PAS-postive band corresponded to band H-X of 

the protein pattern (Figure 5). 

3.1.8 Gland 11 

This gland is the longest hyaline gland on the 

ventral side of the gland mass. The secretion of this 

gland has been shown to be coarsely granular containing 

neutral polysaccharides. (Odhiambo, 1969a), Secretions 

of gland 11 revealed one major protein band (11-0) and 

20 other bands. (Figure 5). The major protein band is 
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FIGURE 5 

Electrophoretic patterns of proteins and glycoproteins 

from the secretions of the homgenous accessory repro

ductive glands (Ho) and glands 11 and 12J CBB-G, gels 

stained for proteins with Coomassie brilliant blue-GJ 

PAS, gels stained for carbohydrates with per-iodic 

acid Schiff's reagents.See text for explanation of 

electrophoretic band labelling and numbering systems. 
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composed of at least two adjacent protein fractions (as 

indicated when dilute sample was electrophoresed) but 

appeared as a single protein band due to intense staining 

reaction. A PAS-positive band 11-I (Figure 5) appeared 

in the region of protein band 11-0. Another PAS-positive 

band 11 - II did not correspond to any of the protein bands. 

3.1. 9 Gland 12 

This is another hyaline gland on ~he vent ral side 

of the gland mass. Like the secretions of gland 11. it 

also contains neutral polysaccharide.,in the secretion. 

Electrophoretic analysis of t he secretions of gland 12 

revealed a protein pattern whi6h partially resembled that 

of gland 11 secretion (Figure 5). Some protein fractions 

of the gland 11 secretion are missing in the gland 12 

secretion. however, The major protein band of the gland 

12 secretion. designated as 12-N (Figure 5) had, however. 

a lower protein concentration as indicated by the width 

and intensity of staining of the band. Two PAS-positive 

bands, 12- I and 12-II (figure 5) corresponding to protein 

bands 12-N and 12-0 respectively . indicate that these may 

be glycoprotein complexes. 
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3.1.10 Gland 16 ._ , 

Gland j6 is the very long and convoluted gland in 

the centre of each of the two masses. This gland is the 

functional seminal vesicle. Nineteen protein bands were 

obtained after electrophoresis of the contents of these 

glands. All bands stained faintly (Figure 6). It was 

not certain if all the 19 bands represented the proteins 

of secretions of gland 16. In order to investigate this, 

broken seminal vesicle and sperm were washed with 0.9% 

NaCl followed by centrifugation. The washing procedure 

of· the semi;lal vesicles was repeated three times1 electro

phoresis of the supernatant then revealed no protein band. 

After the third washing the sperm and seminal vesicle walls 

were electrophoresed. Nine protein bands were obtained 

(Figure 6]. This indicated that 9 of the first protein 

pattern bands were mainly from the sperm. The other 10 

bands probably represented apocrine secretions (Odhiambo, 

1969a). A PAS-positive band CFigu:-e 6) corresponding to 

band SV-R of the protein pattern indicated the presence of 

a glycoprotein. 

3.1.11 Paragonadal Fat Body 

Washings of the paragonadal fat body revealed 16 

protein bands. The latter stained faintly with CBB-G with 
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FIGURE 6 

Electrophoretic patterns of proteins and glycoproteins 

from the contents of the seminal vesicles (mixed 

secretions and sperm-(SV) and protein patterns from 

washed sperm and walls of the seminal vesicle (SVW) 

and from the parap:onadal fat body (fb); CBB-G, gels 

stained for proteins with Coomassie brilliant blue-~; 

PAS, gel stained for carbohydrates with per-iodic 

acid Schiff's reagents.See text for explanation of 

electrophoretic band labelling and numbering systems. 



s se s 58 ORIGIN 
53 

p ... 52 
R 50 R lb R 4'9 0 4'8 

N 4'6 

Q .... M .:::::::::: .... 
Q 4'2 L ... 4'2 

K <tO 
p 39 p ... 39 

38 J ······ · 38 
36 0 35 0 35 

N H M 
L 31 L 31 H 31 

29 K ..... . 30 
K J ... 29 G 29 J 28 ..... 

I 27 ···· · ·.·:.::·:; F 27 
H 26 E 26 
G 24' D 
F 22 c . 22 E 21 

D 14' B 

A 

c 9 

B 5 
A 3 

CBB-G CBB-G PAS CBB-G 

sv svw sv f b 

FIGURE 6 



68 

the exception of band fb-C (Figure 6). A single PAS

positive band, appearing near the origin, did not corres

pond to any of the protein bands in the same region. 

3.1.12 Haemolymph 

The haemolymph yielded 18 protein fractions of 

which 7 appeared in the slow protein migration zone 

(figure 7). The remaining bands appeared in the medium 

zone. There were no bands in the fast moving zone. The 

7 slow migrating proteins were present in high concent

ration as indicated by the high intensity of staining. 

This made their identification difficult, but the remaining 

bands were well separated. Three PAS-positive bands were 

obtained. Periodic acid-Schiff-positive band HE-I,II and 

III, appeared in the region of protein bands He-I,M and R 

respectively, indicating that these bands may be glyco

proteins. Two bands (He-a and b, Figure 7) appeared with 

Sudan black B. Band He-a appeared inbetween protein bands 

He-N and He-0. Protein band He-Q corresponded to Sudan 

black B positive band He-b, indicating that this may be a 

lipoprotein. · 
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FIGURE 7 

Electrophoretic patterns of ~roteins, glycoproteins 

and lipoproteins from the haemolymph CHe)J CBB-G, 

gel stained for proteins with Coomassie brilliant 

blue-G1 PAS, gel stained for carbohydrates with 

per-iodic acid Schiff's reagents; SBB, gel stained 

with Sudan black B for free and protein or carbo

hydrate bound lipids.see text for explanation of 

electrophoretic band labelling and numbering systems. 
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3.1.13 General comparison · 

None of the glards have identical protein com-

position though there are a number of protein bands common 

to some glards. The major similarities between protein 
/ 

fractions existed for ba nds 2-G and 3-J (figure 3). 4-J. 

5-J a nd 6-F (figure 4). Similarly, bands 3-L (figure 3). 

4-L (Figure 4). 11-K ard 12-K (Figure 5) and SV-L (figure 6) 

appeared to have the same electrophoretic mobility. When an 

intensely stained pro t ein band from secre+ion of a glard 

corresponds to two or more bands from protein pattern of 

secretions of other gland(s). it does not necessarily imply 

a similarity in these protein bands. An example of such a 

situation is that in the region of bands 5-K and 6-G 

(Figure 4) are also located bands 3-K and 3-L (Figure 3) and 

Ho-0 and Ho-P (figure 5) protein bands. Similarly. bands 

4-K. L and M (Figure 4) and SV-L. M and N (figure 6) cqrres-

pond to bands 5-K and 6-G (Figure 4). 

The other major protein band common to secretions 

of gland 1.11.12 and homogenous glands were bard 1-0 

(Figure 3). 11-0. 12-N and Ho-U (f~gure 5). This fraction 

occurs in maximum concentration in gland 11 (indicated by 

the intensity of staining and width of the band). and 
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consists of at least two protein components , although only 

a single component may be present in gland 12. Band 2-L 

(Figure 3) lies in the same region as band 1-0 (Figure 3), 

11-0 and 12-N (Figure 5), A number of protein bands from 

other gland secretions separated in the region of the in-

tensely stained, major protein fraction (11-0, Figure 5) 

from secretions of gland 11 . In the region of bend 11~0 

(Figure 5) were bands 2-N, 2-0 and 3-P (Figure 3), 4-R, 

5-N and 6-I (Figure 4) . It is interesting to note that one 

protein fraction appeared to be common tc all gland seers-

tions, fat body and the haemolymph, namely band 1-P, 2-P 

and 3-Q (Figure 3), 4-T, 5-P and 6-S (Figure 4), Ho-X, 11-Q 

ard 12-0 (Figure 5) , SV-R, fb -P (Figure 6) and He-N 

(Figure 7). This band was approximately 0,6 cm from the 

origin. While this might have been an artifact, it did 

not appear in the blank gels which were stained for proteins. 

In addition to the common major protein bards, a 

number of protein bands (narrow and faintly stained) were 

also conman in some of the gland secretions. Protein band 

designated as 1-C, 2-A (Figure 3), 6-A (Figure 4), 11-B 

(Figure 5) and SV-C (Figure 6) appear to be similar in their 

electrophoretic mobility. Similarly, bands 1-E, 2-C , 3-E 
. 

(Figure 3),Ho-G and 12-E (Figure 5) appear in one migration 



73 

zone. In order to avoid the monotony of describing the 

common minor bands. protein patterns of various gland 

secretions. fat body and haemolmph have been shown in 

Tables 1-3. These Tables have been constructed based on 

fast (Table 1). medium (Table 2) and slow (Table 3) protein 

migration zones. Each protein band has been represented 

by a dot. Wide and intensely stained bands in the electro

pherograms (Figures 3-7) have been represented by vertical 

shaded areas in the Tables. Protein fractions have been 

numbered (represented on the vertical axis of all Tables) 

so that bands with a common number and common to some of the 

samples represent a similarity in their electrophoretic 

mobility. The same numbering system has also been used for 

the various electropherogram presentations (Figures 3-7) . 

In addition to similarities i n protein fractions 

of the secretions of various glands. some of the haemolymph 

proteins also had electrophoretic mobilities similar to 

some of the protein fractions in gland secretions. Haemo

lymph protein band He- K (Figure 7) was in the same 

migration zone as protein bands 1-0 (Figure 3) 1 Ho-U, 11-0 

and 12-N (Figure 5). Similarly protein band He-F (Figure 7) 

had a similar electrophoretic mobility as protein bands 

1-L 
0

(Figure 3). 6-F (Figur e 4).Ho-N (Figure 5 and fb~G 
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Table 1. Comparison of protein bands from various- accessory 

reproductive glands, the paragonadal fat body and 

the hae~olymph in th~ fa~t moving zone of el~ctro-

· pherogra~s (Refer to Figure~ 3-7) 

SAMPLES 

s I 6 Ho I 11 
J 

12 I sv 1 2 3 4 fb He 
. 

1 • 
2 

3 0 

4 • 0 

5 0 o_1 c 
6 • 
7 • • 

"' a::: e • 6 
w 
en 9 el) 0 0 0 0 

~ 10 
:::> 

0 e e 
z 11 9 e • Q • 

12 0 G 

Cl 13 e z 
0 - 0 <t 14 0 

en Qt • 0 0 Q 15 

l 16 0 

17 e G G e Q 

18 e 

Notes Each dot represents a protein band 

... -. ·· 
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Comparison of protein bands from various accessory 

reproductive glands, the paragonadal fat body and 

the haemolymph in the ' med~um moving zone of 

electr.opherograms (Refer to Figures 3-7) 

SAMPLES 
1 2 3 4 5 6 Ho j 11 I 12 SV I fb tic 

19 e G 

22 () 0 0 0 

23 le 0 Q 

0 0 

0 
() 0 

0 e 0 

0 

0 0 () 

0 

" 
35 0 

Notes Each dot represents a prote~n band. Shaded blocks 

represent either a single band or multiple bands 

but due to their staining intefisity appear as 

.single bands 

1. 

.. . 
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Comparison of protein bands from various accessory 
J 

reproductive glands, the paragonadal fat body and . . 

the haemolymph in tbe_slow moving zone of electro 

pherograms (Refer to Figures 3-7) 

49 

0 so z 
~ 51 
ca 

52 

l 
53 

54 

55 

56 

ORIGIN 

SAMPLES 

fb i H1t 

10 

i:~f)j 
·G 1 :i~'ff~ 

0 

.0 

f%((. 
rA.1tr:t~-

Notes: Each dot represents a protein band. Shaded blocks 

represent either a single ~and or multiple bands but 

due to their staining intensity appear as single 

bands 

,. 
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(Figure 6). The other similarities in protein fractions of 

secretions from the glards, fat body and haemolymph have been 

presented in Tables 1-3. 

Though a number of the protein bands appear to 

be common to many gland secretions, some protein fractions 

" are characteristic of a single gland secretion. Protein 

bands 1-A (Figure 3) is present only in gland 1 while SV-A 

(Figure 6) is peculiar of the seminal vesicle. While bands 

5-A and 5-0 (Figure 4) are present only in gland 5 secretions, 

band 2-B and 2-0 (figure 3) are present only in secretions 

of gland 2. 

The PAS-positive fractions 1~I (figure 3), 11-I 

and 12-I (Figure 5) corresponding to the protein bands 

1-0 (Figure 3), 11-0 and 12-N (Figure 5) respectively, may 

be similar glycoprotein complexes, since protein bands 

1-0, 11-0 and 12-N have a similar electrophoretic mobility. 

Glands 3,4 and 5 also seem to have similar glycoprotein 

complexes; bands 3-I and 3-J (figure 3) in gland 3, 4-II and 

4-J i n gland 4, 5-I and 5-J (figure 4) in gland 5 electro-

phoretic analysis. 

. ~ 

· .. · 
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Normal saline extracts of gland secretions. fat 

body and seminal vesicle did not reveal lipid or lipoprotein 

bands with Sudan black B. That the staining technique 

worked was confirmed by the app~arance of lipoprotein bands 

in the haemolymph (Figure 7). Secretions of glands 3 and 

5 have been shown to consit of acid ic lipoprotein complexes 

(Odhiambo. 1969a) . It was assumed that lipids or lipo

proteins were present in levels that could not be detected 

by electrophoresis . 

3 .2 Immune-electrophoresis 

Some abbreviations have been used in this Chapter to re

present guinea-pig anti - serum to whole gland complex. individual 

gland or the haemolymph. The abbreviations have been Tormulated 

in the manner shown in the two examples below : 

Guinea-pig anti-serum to whole gland complex 

(excluding seminal vesicle and fat body) - abbreviated to 

Gp-a-G . Cl 

Guinea-pig anti-serum to glan:I 1 - abbreviated to Gp -a-G1 . 1 

Res~lts from cross - reacting individual gland ~ecretions 

against Gp-a-G .Cl have been presented first, Pure secretions from 
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various glands were electrophoresed in 1% Noble agar on micros

cope slides and the centre troughs filled with 50 µ1 Gp-a-G.Cl. 

Secretions of all glands except glands 2,6, seminal vesicle and 

the paragonadal fat body reacted with ~~-a-G.Cl to give single 

antigen-antibody precipitates (Figure 8). Glands 1,11 and 12 

secretions reacted with Gp-a-G.Cl to form a precipate in the same 

region indicating that these gland secretions have an antigen 

corrrnon to all of them. However, gland 12 reacted to give a faint 

precipitate reflecting on the low concentration of this antigen. 

Secretions of the ~wo opaque white glands, gland 3 and 5, gave a 

corrrnon antigen-antibody reaction. A diffused, faint precipitate 

appeared by cross-reacting gland 4 secretion with Gp-a - G.Cl 

(Figure 9). This band was in the same region as the precipitate 

obtained from secretions of gland 3 and 5 (Figure 8). In fact, 

when combined secretions from glands 3 plus 4 and 4 plus 5 were 

electrophoresed and reacted with ~p -a-G.Cl a single band was 

precipitated (Figure 9). This indicated the presence of an anti

gen common to secretions of glands 3,4 and 5. No precipitin was 

obtained on crass-reacting gland 6 secretion with Gp-a-G.Cl. 

Similarly, neither the seminal vesicle nor the paragonadal fat 

body gave a precipitin with Gp-a-G.Cl . 

Antigenscommon to some gland secretions were confirmed by 

electrophoresing various combinations of secretions of glands 
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FIGURE 8 

Photographic record of the irrrnunoelectrophoresis 

of secretions from accessory reproductive gland (Gl) 

1,2,3,4,5,6,11.12 and the homogenous glands (Ho Gls) 

from 19 day old adult male.§.· gregaria. In all cases 

the antigens were precipitated by antibodies rre-

pared against accessory gland complex (minus the 

seminal vesicle and the paragonadal fat body) extracts 

from 19 day old adult male S. gregaria. 
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FIGURE 9 

Photographic record of the immunoelectrophoresis of 

secretions from various indivi dual accessory repro - .· 

ductive glands (Gl) and combinations of glands (Gls) 

from 19 day old adult male~· gregaria. In all cases 

the antigens were precipitated by antibodies prepared 

against whole accessory gland complex (minus the 

seminal vesicle and the fat body) extracts from 19 

day old adult male~· gregaria. 

·' 
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and cross-reacting with Gp-a-G.Cl (Figure 9). These reactions 

indicated while one antigen was common to glands 1,11 and 12 

another antigen was common to secretions of glands 3,4 and 5. 

The results outlined above confirmed the antigenic nature 

of the ARG secretions when injected into the guinea-pigs. However, 

due to the single precipitation reactions of the various gland 

secretions as against the multiple protein patterns of these 

secretions (Chapter 3.1), it seems that either the other protein 

fractions are not found in adequate quantities to start an 

imnune response in the guinea-pig or that these proteins are not 

antigenic. 

Larger quantities of individual glands were dissected 

and antibodies to these individual glands were raised from 

guinea-pigs. The various anti-sera, thus obtained, were used 

(i) to identify the number of antigens in each of the various 

gland secretions and (ii) to identify antigens common to various 

glands and the haemolymph. 

Sera from guinea-pigs injected with glands 3,5 and 6 did 

not give precipitation reactions even against their respective 

gland secretions. These results were obtained, however, from 

the first bleeding after which the guinea-pigs had started to 
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die. It is possible that during the time before bleeding the 

guinea-pigs, due to a slow immune response, enough anti-body 

production had not occurred, hence no precipitation reaction. 

Similarly, gland 2 secretion did not react with Gp-a-Gl.2 to 

give a precipitating arc. 

Figure 10 shows antigenic similarities and differences in 

the various gland secretions. A precipitin reaction common to 

glands 1,11 and 12 appeared when secretions of these glands were 

electrophoresed and reacted with Gp-a-Gl.1 and Gp-a-Gl.11 on one 

slide (Figure 10) . However, there were differences in the 

sharpness and staining intensity of these arcs. The precipitate 

resulting from reaction of gland 11 secretions and Gp-a-Gl.11 was 

diffused with a sharp band lying in the diffused area (Figure 10). 

While a diffused band appeared on reacting electrophoresed secretions 

of gland 12 and Gp-a-Gl.11, a sharp precipitate band appeared from 

gland 12 secretions and Gp-a-Gl.1 reaction. 

Two faint precipitin reaction arcs resulted ·frorit cross

reacting gland 4 secretion with Gp-a-Gl.4 (Figure 10). Gland 2 

secretion did not reveal any precipitin line with either Gp-a-Gl.1 

or Gp-a~Gl.4. Similarly, combined secretions from homogenous 

glands did not result into a band with Gp-a -Gl.1. A single pre

cipitate was obtained when Gp-a-Gl.6, from the first bleeding of 
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FIGURE 10 

Photographic record of the immunoelectrophoresis of 

secretions from accessory reproductive glands (Gl) 

1,2,3,4,11,12 and the homogenous glands (Ho Gls) 

from 19 day old adult male~· gregaria. Antigens 

were precipitated by the following antibodies; 

a . Guinea-pig anti- gland 6 

b Guinea-pig anti- gland 11 

c Guinea-pig anti- gland 12 

d Guinea-pig anti- gland 1. 
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guinea-pigs was reacted with secretions of gland 4 (Figure 10). 

However , on the same slid~ gland 3 secretion did not give any 

precipitation with Gp-a-Gl . 6. 

Two sharp precipitin arcs were obtained on electrophoresis 

of haemolymph followed by cross-reaction with Gp-a-haemolymph. 

This Gp-a-haemolymph was then su bsequently used to identify anti

gens in haemolymph common to individual gland secret ions. Single 

similar precipitation reactions appeared from secretions of gland 

1,11 and 12 when reacted with Gp-a-haemolymph (Figure 11). These 

precipitin arcs correspond to those obtained by gla nd 1 against 

Gp-a-Gl.1, Gp-a-Gl.11 or Gp-a-Gl.12. None of the other gland 

secretions resulted into precipitating bands with Gp-a-haemolymph. 

3.3 Free Amino Acid Analysis 

Data presented in this Chapter on the f r ee amino acid 

composition of the various, ARG secretions , paragonadal fat body · 

and the haemolymph is a result of a combination of two - dimen

sional (20) paper chromatography and high-voltage electrophoresis 

(HVE). HVE was performed at pHs' 1.9,3.6 and 6.5. Two dimen

sional chromatography revealed spots which sometimes were diffi

cult to identifyJ such spots, on the other hand, could be ~denti

fied using HVE. 
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FIGURE 11 

Photographic record of the irnmunoelectrophoresis of 

the haemolymph (He) and secretions from accessory 

reproductive glands (Gl) 1,2,4,11,12 and the homo

genous gla nds (Ho Gls) from 19 day old adult male 

§.• gregaria. Immunoelectr ophoresis of the normal 

guinea-pig serum (N-Gp-S) is also presented, In 

al l cases antigens were precipitated by antibodies 

prepared against the haemolymph from 19 day old 

adult male .§..· gregari a. 
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A total of 18 free amino acids could be identified from 

80% methanolic extracts of individual gland secretions, fat body 

washings and haemolymph : arginine, aspartic, a-alanine, citruline, 

cysteine, glutamic, glycine, histidine, hydroxy-praline, leucine/ 

iso-leucine, lysine, methionine, phenylalanine, praline, serine, 

valine, threonine and tyrosine . However, while aspartic and 

citruline were not present in the haemolymph hydroxy-praline and 

threonine were present only in the haemolymph. Inspite of the use 

of a combination of 2o~chromatography and HVE, an unidentified spot 

appeared in the methanolic extracts of the secretions of glands 

1,2,3,4,5,6 and 11, This unidentified spot moved a short dista nce 

from the point of sample application on the chromatogram. It is 

speculated that this unidentified spot may be a polypetide. Dis

tribution of the amino acids in the gland secretions, fat body 

and haemolymph is presented in Table 4. 

As revealed in Table 4, the amino acids of significant 

quantitative importance were a-alanine, glycine, methionine, 

phenylalanine, serine and aspartic, a-Alanine was present in 

maximum concentration in 'secretions of glands 3,5,6,1 and 2, 

However, methanolic extracts of all the other gland secretions, 

fat body and haemolymph had trace amounts of this amino acid. 

The relative amounts of amino acids were indicated by the in

tensity of the ninhyrin reaction and the size of the spot. 



92 

Table 4. Free amino acid distribution in accessory re-

productive gland secretions, paragonadal fat bod:,-. 

and Raemolymph of 19 _day old adult male S. gregaria 

.. 
~ 

" I ~ .. -- .: < -· 
~I~ 

AM I NO ACIDS 
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c 
~ 

<• ., 

.. 
c .. c -~ 0 0 .. .!: .. 2 
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Glycine, like a-ala nine, was also present in larger quantities in 

secretions of gl ands 1,3,12,2,5,6 and 11. Secretion of gland 4 

and the haemolymph contained trace amounts of glycine (Table 4). 

Aspartic is another common amino acid except that it was not 

present in the paragonadal fat body and the haemolymph. Glutamic 

and serine were present in glands 1,2,3,4,5,6,11,12, homogenous 

glands and the haemolymph (Table 4). Serine was present in 

greatest concentration in the homogenous glands. Except for 

glands 1,3 and 11 and the fat body arginine was common to the 

rest of the sampler.. Methionine was common only to the first 

six glands, gland 12 and the haemolymph (Table 4). Phenylalanine, 

besides occurring in the secretions of the first 6 glands was 

also present in gland 11 secretion and the haemolymph. 

Citruline, cysteine, praline, tyrosine and valine were 

present in trace amount and onl y in a few of the glands. While 

citruline was present only in gland 3 and 12 secretions, cysteine 

was present in secretions of glands 1,2,3,6 and 11 and in the 

hi:1em6lymph. Valine was found to occur in trace amounts in secre

tions of gland 1 and 11 and in the haemolymph. It is also in 

teresting to note that praline, tyrosine and ethanolamine were 

present only in the secretions of gland 12 and the haemolymph. 

Not only was th~ ~ecretion of gland 12 unique in having some of 

the amino acids and ethanolamine, but it also had the maximum 
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number of amino acids amongst samples of secretions of various 

glands . Methanolic extracts of gland 12 secretion revealed 13 

amino acids beside ethanolamine (Figure 12). The presence of 

ethanolamine, in gland 12 secretions ard the haemolymph was con

firmed by HVE at pH 6.5. 

3.4 Conclusions 

Electrophoresis of the secretions of various ARGs of male 

~· gregaria have revealed multiple protein and in some cases 

multiple glycoprotein patterns. None of the individual glands 

and the homogenous glands secretions analysed have identical 

protein composition , though there are a number of protein bands 

corrmon to some glands. Besides differ ences in the protein and 

glycoprotein patterns of the gland secretions, none of the gland 

secretions electrophoresed into a similar number of protein 

fractions . However, 21 prot ein bands were obtained from the 

secretions of gl ands 4 and 11. Secretions of the homogenous 

glands revealed a maximum of 26 protein bands, whereas only 10 

of the 19 protein fractions were found to originate from the 

seminal vesicle secretion. These results, in general, agree with 

those obtained by Odhiambo (1969a). However, differences in the 

classification of glands 3 and. 5 have been found. While Odhiambo 

[1969a, 1969b), basing his results on histochemica l and ultra-
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FIGURE 12 

Diagrammatic r epresent ation of a two-dimensional 

paper chromatogram of f r ee ami no acids separated 

from 80% methanol,ic extracts of the secretions of 

accessory reproductive gland 12 and detect ed with 

2% ninhydrin in acetoneJ 

BUT. n-Butanol-Acetic acid-water (12:3:5 v/v/vl 

PHE. Phenol-Water (4:1 v/v) 

Running time, 15 hours in each direction 

Key to Amino aci fa 

1 Cysteine 

2 Glutamic 

3 Serine 

4 Glycine 

5 Threonine 

6 a-Alanine 

7 Histidine/Lysine 

8 Citruline 

9 Praline 

10 Tyrosine 

11 Methionine 

12 Leucine/iso-leucine 
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structural studies, found the secretions of glands 3 and 5 similar 

in nature, results in this study differ. Histochemical tests are 

generally qualitative and with a few exceptions they only broadly 

identify substances present. Electrophoresis, though also 

qualitative, gives some quantitative information . Based on this, 
I) 

secretions of glands 3 and 5 were ~und not only different in 

protein and glycoprotein patterns but also in the number of the 

protein and glycoprotein fractions. While gland 3 secretion 

revealed 19 protein and 3 glycoprotein bands, gland 5 secretions 

separated into 17 protein and 5 glycoprotein bands. Secretions 

of these two glands have been shown to contain acidic lipoproteins 

(Odhiambo, 1969a). However , with t he techniques used in this 

study, it has not been possible to detect lipoproteins in any of 

the gland secretions. The fact that the staining techniques for 

lipoproteins worked was indicated by the a ppearance of 2 lipo-

protein fractions in the haemolymph. 

Because of the multiple protein patterns obtained from 

various gland secretions, it would not be surprising if there are 

protein fractions which are common to some of the gland secretions 

(Tables 1- 3). On comparing the various protein electropherograms 

a number of protein fract i ons were found common to secretions of 

one gland or the other . However, even when the technique is 

performed with the greatest care.comparisons of electropherograms 
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are not always accurate, especially when each sample is electro

phoresed on a separate gel. This problem has been overcome 

by irrrnunoelectrophoresis on the secretions of individual samples. 

Various cross-reactions of the electrophoresed secretions and 

Gp-a-gland(s) or haemolymph sera have revealed the presence of 

antigens common to some of the glands. Unfortunately, the anti

sera produced contained antibodies to single antigens. This 

method is by no means exhaustive and these experiments need to 

be redone with greater concentration of ARG proteins. Neverthe

less, while secretions of glands 1,11 and 12 anc.: the haemolymph 

were found to have a corrmon antigen, an antigen common to secre

tions of glands 3,4,5 and 6 was also present. Considering the 

results from disc electrophoresis and immunoelectrophoresis, it 

can be said that the antigen corrrnon to the secretions of glands 

1,11 and 12 and the haemolymph is protein band 1-0 (Figure 3), 

11-0 and 12-N (Figure 5) and He-K (Figure 7) respectively . The 

reason for proposing this is made stronger by the fact that these 

protein bands, at least in the case of secretions of gland 11 

are present in large concentration and are probably responsible 

for the inYnune response in the guinea-pigs. However, it is 

surprising that the protein band 1-L (Figure 3) of gland 1 which 

appears to have a similar concentration as protein band 1-0 did 

not give another immune reaction in the guinea-pigs injected with 

gland 1 homogenate. It might be possible that the protein 
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fraction 1-L (if 1-0 is the antigenic protein) of gland 1 does not 

create an inmune response in the guinea-pig. Using similar 

assumptions as outlined above and comparison of electropherograms, 

it would seem that the antigen common to secretions of glands 

3,4,5, and 6 is the protein band 3-J (Figure 3), 4-J, 5-J and 

6-F (Figure 4) of the respective glands. 

By comparing various electrophorograms, a number of protein 

fractions were found common to some of the gland secretions, fat 

body and the haemolymph (Tables 1-3). An example of such proteins 

is protein bands 1-L (Figure 3), 6-F (Figure 4),Ho-N (figure 5), 

fb-G (figure 6) and He-F (Figure 7). Using immunochemical and 

radio-tracer techniques, Friedel and Gillett, (1976) · demonstrated 

that in !:!.• sanguinipes the fat body synthesizes certain proteins, 

which are released into the haemolymph, and are subsequently 

accumulated by the ARG. Proteins that are common to fat body, 

haemolymph and gland(s) secretion could represent a synthesis

release-and uptake pathway of proteins. 

Free amino acid analysis of metha nolic extracts of gland 

secretions, fat body and haemolymph revealed 18 amino acids 

besides ethanolamine in secretion of gland 12 and the haemo lymph . 

The amino acids of quantitative importance (as indicated by the 

intensity of ninhydrin reaction and size of the spot) were 
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a-alanine, glycine, methionine , phenylalanine, serine and 

aspartic (Table 4). Of these, a-alanine was present in maximum 

concentration i n secrstions of glands 3,5,6,1 and 2 and in trace 

amounts in the rest of the samples. 
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CHAPTER IV 
· . ; 

FREE SUGAR ANALYSES 

4.1 Paper Chromatography 

Free sugars from 80% methanalic extracts of the various 

gland secretions, paraganadal fat body and the haemalyrnph were 

detected on chromatograms using alkaline silver nitrate and aniline 

phthalate reagents. 

• 

The free sugar separation of methanolic extracts of the 

gland secretions and fat body is represented in Figure 13. Spots 

corresponding to trehalose and/or inositol, fructose and an un

identified substance in the region of amino sugars were present in 

all samples . The unidentified substance did not react with 

alkaline silver nitrate, but left a white spot. However, there 

was a light brown reaction area around the white spot. This seemed 

to indicate that an amino sugar was also present although partially 

masked by the unidentified spot. Spats corresponding to the sucrose 

standard were present in methanolic extracts of gland 11 and in 

seminal vesicle scretians, while trace ·amounts of sucrose were also 

present in the secretions of glands 3 and 4. 



102 

FIGURE 13 

Diagrammatic representation of a descending paper 

chromatographic separation of free sugars separated 

from 80% methanolic extracts of the secretions from 

glands 1-6, 11, the homogenous glands (Ho), the 

seminal vesicle (SV) and the fat body (fb) and 

detected with alkaline silver nitrate; 

.Solvent system, n-Butanol-acetic acid-water (4:1:1 

v/v/v/v) 

Running time, 18 hours 

Key to sugars 

Am Amino sugar (Glucuronic acid) 

c Galactose 

E Ribose 

F Fructose 

In Inositol 

L Lactose 

Mix Standard sugar mixture 

s Sucrose 

T Trehalose 

W Unidentified "white" spot 
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Spots corresponding to fructose, trehalose and/or inositol 

did not appear when t he chromatograms were developed in aniline 

phthalate reagent (Figure 14). This reagent has a lower sensi

tivity than alkaline AgN0 3 and even the · trehalose and inositol 

standard did not stain with this technique. Once again the un

identified substance appeared as an unreacted spot in the mig

ration zone of amino sugars on chromatograms treated with aniline 

phthalate. 

Methanolic axtracts of the gland 12 secretion revealed 

free sugar spots corresponding to trehalose, an amino sugar and 

glucose on chromatograms developed in alkaline AgN03. Once again 

an unreacted white spot appeared in the migration region of amino 

sugars. Chromatography of the haemolymph yielded 6 spots. In 

addition to spots for glucose, galactosamine, sucrose, trehalose 

and/or inositol, two other unidentified spots appeared. One of 

the latter was near the site of sample application and it reacted 

with alkaline AgN0 3 • An unreacted white spot containing the un

known substances was surrounded by a reaction spot which corres

ponded to trehalose/inositol. 

When the chromatograms were developed in 0.2% rainhydrin in 

acetone "white unr eacted spots" still appeared in the region of 

amino sugars just as they had appeared on chromatograms treated 
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FIGURE 14 

Diagr ammatic r epresentation of a descendi ng paper 

chromatographic separat ion of free sugars separated 

from 80% methanolic extracts of the secretions from 

glands 1-6. 11 . the homogenous gl ands (Ho). th~ 

seminal vesicle (SV) and the fat body (f b) and 

detected with aniline pht halate reagent: 

· Solvent system. n-Butanol-acetic acid-water (4:1:1 

v/v/v) 

Running time. 18 hours 

Key to sugars 

Am Amino sugar (Glucuronic acid) 

Ar Arabi nose 

c Galactose 

E Ribose 

F Fructose 

L Lactose 

Mix Standard sugar mixture 

s Sucrose 

w Uni dentified "white" spot 

Xy Xylose 
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with alkaline AgN03 or aniline phthalate reagents. The "white 

spots" arising from the secretions of glands 3,5,6, the homogenous 

glands and the seminal vesicle gave only faint ninhydrin positive 

reactions. However, the pink colour resulting from the ninhydrin 

reaction was concentrated around the "white spots" indicating the 

presence of amino sugars. 

4.2 Spot Tests with the Unidentified "White Spot" 

The unknown substance from the "white spo";s" was eluted and 

concentrated as described in Chapter 2.4.2 . The unknown was then 

subjected to analysis with several spot tests. The lack of reaction 

with phosphomolybdic reagent (Merck, 't967) indicated the absence 

of phosphat es . The presence of an amino group was indicated by a 

faint positive reaction with ninhydrin. Several tests were 

performed for the presence of purines and/or pyrimidines i n the 

unknown. 

4.2.1 Eosine - Mercury Stain for Purines 

The unknown compound was applied on an activated 

silica gel •G• coated glass ·plate and found to be UV active 

(fluoresced under UV light). Adenosine standard~ and 
. 

a methanolic extract of tick excreta, which contains gua nine 
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(Balashov, 19591 Hamdy, 1972), were also UV active. When 

the spotted plate was sprayed with em~ine-merc ury stain 

the unknown did not have an initial fluorescence of the 

same relative intensity as the adenosine standard. After 

24 hours, however, the remaining fluorescence of the un

known was more intense than that of the standard. The 

colour of the adenosine spot was uniformly red-violet, b~t 

only the border of the unknown spot was red-violet. 

4.2.2 Silver Nitrate - Dichromate Stain for Purines 

The adenosine standard spot reacted with the 

silver nitrate-dichromate stain to yield an initial red 

colour, but the extract of the tick e~creta and the un

known gave no colour reaction. Overnight, the red colour 

from the adenosine turned yellow in the centre of the spot. 

On the other hand, the unknown compound had turned red 

while the tick excreta was white in the centre. 

4.2.3 Wood's Reag~~t for Purines 

Wood's reagent gave strong positive reactions 

(blue colour) with ATP and adenosine. Faint reactions 

were obtained with the unknown compound and with tick 

excreta. Uridine tri-phosphate and CTP gave faintly 
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positive reactions in the centre of the spotted areas 

but s t ained white on the periphery. 

4.2.4 Mercury Nitrate - Ammonium Sulphide Reagent for 

Purines and Pyrimidines 

Adenosine, UTP and ATP gave positive reactions 

(black spots) with mercury nitrat e-ammonium sulphide 

reagent, but the unknown compound gave only a faint reaction . 

4.2.5 Sakaguchi Test 

The Sakaguchi test for arginine and guanidines 

resulted in a positive 6range coloured reaction wit h 

arginine standard. The methanolic extract of tick excreta 

gave a faintly positive reaction, while the unknown gave a 

transient positive reaction. 

4.3 Conclusions 

Differences in the chemical nature of the ARGs of male 

S. gregaria are reflected in the distribution of free s ugars in 

the secretions of the glands. These differences, however, are not 

as marked as those obtained f rom the prot ein analyses (Chapter 3) . 
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Secretions from all the glands revealed the presence of compounds 

with Rf values s i milar to trehalose and/or inositol, an amino 

sugar and an unidentified compound. In the solvent system used 

Cn-butanol - acetic acid - water, 4:1:1 v/v/v) 3 amino sugars 

standards (glucosamine, galactosamine and glucuronic acid) were 

not well separated, even when the migration time was prolonged to 

39 hours. Moreover, the presence of the unknown compound in an un-

reacted area in the same region completely obscured the identi -

fication of the amino sugars. The evidence for the presence of an 

amino sugar lies in the appearance of a brown or reddish brown 

reaction area circling the unreacted white spot when the chroma-

tograms are developed with alkaline AgN03 or aniline phthalate 

reagents, This evidence is supported by the faint pink reactions 

around the unreacted white spots which were obtained with the 

ninhydrin reaction. Furthermore, the amino sugar, galactosamine 

could be identified in extracts of the haemolymph. 

Fructose was identified in the secretions of giands 1, 2, 3, 

4,5,6,11, in the homogenous glands, the seminal vesicle and in the 

fat body. Sucrose was demonstrated in the methanolic extracts of 

the secretions of 4 glands (glands 3, 4,11 and the seminal vesicle) 

and the haemolymph. Glucose was confined to gland 12 and .the 

haemolymph • 

.r ·., 
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Methanolic extracts of the secretions of the ARGs, fat body 

and the haemolymph contained a compound which could not be identi

fied with the alkaline AgN03 or aniline phthalate reagents. Spot 

tests on concentrated eluants of the u~iaentified compound support 

the conclusion that it is a purine derivative. The transient 

positive reaction of the unknown with the Sakaguchi test gives 

further support since taurocyamine and glycocyamine (guanine 

derivative) give transient positive reactions with this test 

(cited by Dawson et~·· 1972). 

This is the first time that the secretions of the various 

ARGs of the desert locust have been analysed for free sugars. The 

presence of a purine like compound has never been demonstrated. 
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CHAPTER V '. • 

LIPID AND PHOSPHOLIPlD COMPOSITION 

5.1 ' NeLltral Lipid Analyais 

A typical thin-layer chromatographic separation of the 

neutral lipids from chloroform-methanol (2:1 v/v) extracts of the 

various gland secretions and the fat body is represented in 

Figure 15. and the results of all the separations are tabulated 

in Table 5. Six t;pes of neutral lipids were identified in t he 

various gland secretions. An unidentified spot was present on the 

chromatogram (Figure 15) for secretions of glands 1.2.5.6.11. the 

seminal vesicle and the fat body. · This unidentified compound mig

rat ed with a Rf value of 0.65 and appeared just behind the spot 

for triglycerides. 

The most striking feature of gl and 4 secretions was the 

absence of all classes of neutral lipids (Figure 151 Table 5). 

Secretions of gland 6 contained 6 types of neutral lipids and an 

unidentified component. In ascending order these included a mono

glyceride Ca-monopalmitinl. a sterol (cholesterol). a diglyceride 

(dipalmitin). a fatty acid (palmitic acid) ·,. the unidentified com

pound. a triglyceride (tripalmitin) and a sterol ester [cholesterol 

oleate). Gland 5 secr~tions were separated into spots corresponding 
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FIGURE . JS 

Diagrammatic representation of a thin-layer chroma-

tographic separation of the neutral lipi ds from 

chloroform-methanol (2:1 v/v) extracts of secretions 

from glands 1-6 , 11, the homogenous glands (Ho), 

the seminal vesicle (SV) and the paragonadal fat 

body (fb) , detected with iodine vapourJ 

0 ·Solvent system, Petroleum ether Cb.pt. 60-80 Cl 

diethyl ether-acetic acid ( 60:40:1 'v/v/v) 

Running time, 25 minutes for 15 ems 

Key to neutral lipids : 

CE Cholesterol oleate (Sterol ester) 

Ch Cholesterol (Sterol) 

DG Dipaimitin (diglyceride) 

Fa Palmitic acid (fatty acid) 

MG a-Monopalmitin Cmonoglyceride) 

TG Tripalmitin (triglyceride) 

u . Unidentified compound 

·'. 



0 
0 

I 

_,_ 
' ' " 

0 

0 

MG DG TG Fa Ch CE 

,., . ' ,_, 

:-'' 
' ' _, 

c 

@ 

,, 
I \ 

' I , _ 

c::> 

QQOOD 

,. ,-.'\ ·--. ' ,_. ,_, , _, 

D 

a ,-, ,_ c , 0 

1 2 3 5 4 6 Ho 11 SY fb 

FIGURE 15 



115 

Table 5. Neutr~l lipid composi tion of the accessory repro-

ductive gland secretions, · fat body and the 

haemolymph of 19 day ol d adult male s. gregaria 

.. 
NEUTRAL LIPIDS 

() . 

.. 

,, .. 
·-= I!) .Cll C) "O 

~ "O .., C) e1 :2 ·;: Cl) 
u u Cll -... 

t:I CJ ·->. Cl> ... - u u - c Lii - >. >. Q 0 0 >. 0 ... ~~ Cl .. "O . c: () C.1 . - Q 
0 - CJ ·;: - c: 
~ (/) 0 L:. .... (/') ::> 

SAMPLES 

Gl2nd 1 0 0 0 

Gland 2 • • 
Gland 3 00 0 

Gland 4 
1--

Gland 5 •• 0 10 0 • . 
O•lo 0 

I 
Gland 6 • o Io• 0 0 

Homog~nous glands 0 0 ••• 
Gland 11 0 0 1 •• 0 

-Gland 12 • • 
Seminal vesicle 00 •• 0 

Para gonadal fat body oee 

Haemolymph •• •• • 0 • • 
Notes: The closed and open circles represent varying 

intensities of reaction with 1odin·e vapour J 

••• Very strong 

•• Strong 

• Moderate 

0 - Weak 

.. : 
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to a sterol, a f atty acid, the unidentified compound, triglyceride 

and a sterol ester, but secretions of gland 3 gave two spots , one 

corresponding to a sterol and the other to a triglyceride 

(Figur e 15r Table 5]. The secretions of glands 6,11,12, homo

genous glands, seminal vesic l e and the fat body were rich in 

triglycerides as indicated by the intensity of the iodine react i on. 

Haemolymph extracts contained all classes of neutral lipi ds, but 

the unidentified compound was absent. 

5.2 Phospholipid Composition 

The phosphol i pid composition of the various samples has 

been presented in Table 6. The secretions of ARGs contained trace 

amounts of phospholipids but sp hingomyelin and lysolecithin were 

absent in all secretions. Fi gure 16 illustrates the separation 

of phospholipid compounds from individual gland secretions and the 

paragonadal fat body. A phospholipid corresponding to the phos

phatidyiethanolamine standard was present in all secretions except 

those of glands 1 and 2 and the paragonadal fat body. Spots with 

an Rf value similar to phosphatidylserine were present i n secretions 

of glands 2, 3 and 4. Secretions from all glands except 2 and 3 

contained trace amounts of phosphatidylcholine. Phosphatidylino

sitol was demonstrated in the secretions of glands 2, 5,6,12, the 

homogenous glands and in the fat body . A compound migrating behind 
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Table 6, Phospholipid composition of the accessory repro-

ductive gland secreti-ons, fat· body and the haemolymph 

of 19 day old adult male S. gregaria 

PHOSPHOLIPI DS -
--

- CD 0 
CD 0 ~ c 
c c ,, 0 ·e ... 0 I C1) 

·= 
.c c (II Ill CJ 

>.o >- >- :.. Cl) c "O 
'U c:: "O :ii "O >- .c -~ = cu .... 4~ - E - -·-C'l .c rJ Q C'l 0 (.) ... 
.c - .c .c .c: Ol .! c a. C1) 0. Q. 0. c CD 
en ~) I/) (/) .c 0 ~ 0 0 0 0 I/) 

.c .c .c. .r::. 0. ::>. c: 
a. a.. 0.. a. (./) ..J :::> 

SAMPLES 

Gland 1 0 
Gland 2 0 0 
Gland 3 0 0 . 
Gland 4 0 0 0 0 
Gland 5 0 0 c 
Gland 6 0 0 0 
Homogenous gl<::nds 0 0 0 
Gland 11 0 0 
Gla nd 12 0 0 0 

Seminal vesicle 6 0 

Paragonadal fat body 0 0 

Haemolymph • 0 

Notes: The closed and open circles represent varying 

reaction intensities with iodine vapourJ _ 

• Moderate 

0 Weak 
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FIGURE 16 

Diagrammatic representation of a thin-layer chroma

tographic separation of phospholipids from chloro

form-methanol (2:1 v/v) extracts of the secretions 

from glands 1-6, 11, the homogenous glands (Ho), the 

seminal vesicle (SV) and the paragonadal fat body 

(fb),detected with iodine vapour; 

Solvent system, Chloroform-methanol-acetic acid-

water (60:10:3.5 v/v/v/v); 

Running time, 45 minutes for 15 ems 

Key to phospholipids : 

A Phosphatidylethanolamine 

8 Phosphatidylserine 

c Phosphatidylinositol 

D Phosphatidylcholine 

E Sphingomyelin 

F Lysolecithin 

u Unidentified compound 
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spots correspond~ng to lysolecithin was present in the extracts 

of gland 4 secretion. This compound could have been a breakdown 

product of one of the phospholipids. 

5.3 Conclusions 

As a class, neutral lipids and phospholipids were found to 

be corrrnon components in the secretions from most glands, although 

neutral lipids were not present in the secretion of gland 4. While 

definite differences were found in the neutral l~pid composition 

of the various glands, close similarities were obtained in the 

secretions of glands 5,6,11, homogenous glands and the seminal 

vesicle. The phospholipid composition of the various ARG secretions 

was less variable. Secretions of glands 1,2,3,4,11 and the seminal 

vesicle revealed definit~ differences, but the secretions of glands 

5, 6, 12 and .the homogenous glands were strikingly s imilar in their 

phospholipid composition. 



121 

CHAPTER VI 

ENZYME. STUD 1 ES 

Alkaline phosphatases, malic dehydrogenases and non-

specific esterases were present in high concentrations in the 

electrophoresed secretions of all glands. Lower concentrations 

of acid phosphatases, malic enzyme and a-glycerophosphate dehydro-

genase were observed in some of the gland secretions, but iso-

citrat e dehydrogenase was not detected in any of the samples. 

· xanthine dehydrogenase was det ected as a single band in the para-

gonadal fat body. 

6.1 Alkaline Phosphatase (AlPase) 

A graphic representation of the AlPase distribution in the 

various samples used is presented in Figure 17. Secretions of the 

first six glands were rich in AlFase, although the relative con-

centration was lower in gland 2 . Alkaline phosphatase cancan-

trations in the homogenous glands, glands 11 and 12, the paragona-

dal f at body and the haemolymph were low . Alkaline phosphatase 

activity could not be detected in the functional seminal vesicle. 

The staining reaction with the secretions of first 6 glands was 

so intense that the reaction .had to be stopped within one hour. 

The rest of the samples were left overnight in the reaction mixture 
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FIGURE 17. 

Diagrammatic representation of alkaline phosphatase 

zymograms of secretions from the accessory repro

ductive glands, washings of the paragonadal fat body 

(fb) and the ha emolymph (He) . X,Y and Z represent 

the three migration zones of alkaline phosphatase 

bands. Samples were applied in 20% sucrose (1:1 v/v) 

on top of the spacer gel and electrophoresed for 

40 minutes . 

Gels 1-6 were stained for 1 hour with the method of 

Toledo and Magalh~es (1973), while the remaining gels 

were stained overnight at room temperature 
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at 3S0 c until faint AlPase bands appeared. 

Alkaline phosphatase activity was confined to 3 slow 

mobility zones (X), (Y) and ('ZJ CFigure 17) on the gels. The 

secretions of the first 6 glands produced intensely stained bands 

in zone (X) of the zymograms (Figure 17). A faintly stained band 

was also produced in zone (XJ by secretions of the homogenous 

glands, glands 11 and 12 and the fat body. Single bands in zone 

clJ were produced by the secretions of glands 2,4,6,11,12, homo-

genous glands, fat body and the haemolymph. Secretions of glands 

1,3 ard 5 produced 2 AlPase bands in zone (Y) (Figure 17). An 
2 

AlPase band was present in zone (~) of the zymograms for secre-

tions from glands 1 and 5 and from the haemolymph. An additional 

AlPase band appeared between zones (Y) and (Z) in the zymograms 

from the secretions of gland 1 . 

6.2 Malic Oehydrogenase (MOH) 

Two distinct zones of MOH activity were found on gels 

stained for MOH. Secretions of glands 1-6 produced single MOH 

bands in zone (U) (Figure 18) but with varying staining intensi-

ties and electrophoretic mobilities. Single MOH bands were 

obtained in zones (X) and (W) from the secretion· of gland 3 . An 

additional band between zones (U) and CW) stained intensely and 



125 

FIGURE 18 

Diagrammatic representation of malic dehydrogenase 

zymograms of secretions from the accessory repro

ductive glands, washings of the paragonadal fat 

body (fb), and the haemolymph (He). Samples were 

applied in 20% sucrose (1:1 v/v) on top of the 

spacer gel and electrophoresed for 40 minutes. 

Gels wer~ stained with the method of Toledo and 

Magalhaes (1973} 

·' 
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was not present in the zymogr ams of the other glands. A.single 

MOH band i n zone (Wl (Fi gure 18) was common to the secretions of 

glands 1-4, 6-16, the fat body a nd the haemolymph. The zymogram 

of gland 5 was distinct du e to the pre~ence of two bands in zone 

(W). Malic dehydrogenase bands were obtained near the origin of 

the separation gels in secretio ns from gland 1 and from t he seminal 

vesicle, In addition, from the haemo l ymph extracts 3 MOH bands 

were obtained in t he slow mobility zone . Malic dehydrogenase 

activity could not be det ected in the secretions of gla nds 11 and 

12 or in the homog .:mous gl ands. 

6 . 3 Acid Phosphatases (AcPase ) 

The secretions of glands 1,3,4,5 and 6 produced single fai nt 

bands of AcPase (Figure 19) with similar electrophoretic mobilities. 

The highest AcPase activity, as indicated by the staining intensity, 

was observed in the secretions of gland 4. Acid phosphatase 

activity was not detected in the secretions from glands 2,11,12, 

the homogerous glands, the seminal vesicle and t he fat body. 

Three AcPase bands were detected in haemolymph samples. One of 

these bands, He-b (Figure 19) corresponded to the single AcPase 

bands from glands 1,3,4,5 and 6 secretions. 
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FIGURE 19 

Diagrammatic representation of acid phosphatase 

zymograms of secretions from accessory reproductive 

glands 1,3,4,5 and 6 and the haemolymph (He). 

Samples were applied in 20% sucrose (1:1 v/v) on top 

of the gel and electrophoresed for 40 minutes. Gels 

were stained with the method of Terranova and 

Leopold (1973) 
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6.4 a-Glycerophosphate Oehydroger.ase (a-GPDH) 

a-Glyceroph~sphate dehydrogenase activity was demonstrated 

in the secretions of glands 1,2,4,5,11·, ·the homogenous glands, 

the seminal vesicle, the fat body and the haemolymph (figure 20). 

Secretions from glands 3,6 and 12 did not exhibit any a-GPDH 

activity. As shown in Figure 20, bands 1-a, 2-b, 4-a, 5-a and 

SV-a have similar mobilities. Band fb-a from the fat body and 

band 2-a from gland 2 had slightly higher, but different, electro

phoretic mobilities. a-Glycerophosphate dehydrogenase bands were 

obtained at the origin of the separation gel for the secretions 

of glands 1,2,4,5, the homgenous glands and the fat body. However, 

these bands stained with varying intensities for the different . 

gland preparations. Four a-GPDH bands were obtained from the 

haemolymph. The haemolymph band He-b appeared to correspond to 

band 1-b, but stained more intensely. 

6.5 Malic Enzyme CME), Xanthine Dehydrogenase (XOH) and Iso

citrate Dehydrogenase (IDH) 

Malic enzyme activity could not be detected in any of the 

gland secretions; but 2 ME bands appeared in the haemolymph. Both 

of these bands were near the origin of the separation (figure 21). 



131 

FIGURE 20 

Diagrammatic representation of cx-glycerophosphate 

~ehydrogenase zymograms of the secretions from 

. accessory reproductive glands 1,2.4,5,11, the homo 

genous glands (Ho), the seminal vesicle CSV) , and 

the washings from the paragonadal fat body (fb) 

# 

and the haemolymph (He). Samples were applied in 

20% sucrose (1 : 1 v/v) on top of t he spacer gel and 

electrophoresed for 40 minutes. Gels were stained 

with the method of Toledo and Magalhaes (1973) 

.. 
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FIGURE 21 

Malic enzyme (ME) and Xanthine dehydrogenase CXDH) 

zymograms from the samples of the haemolymph (He) 

and washings of the paragonadal fat body Cfb) 

respectively. Samples were applied in 20% sucrose 

(1:1 v/v) on top of the spacer gel and electro

horesed for 40 minutes. Gels were stained with 

the method of Toledo and Magalhaes (1973) 
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Xanthine dehydrogenase could not be demonstrated in the 

gland secretions or in the haemolymph. However , a single band 

was obtained from the fat body washings (Figure 21). 

Isa-citrate dehydrogenase could not be detected in ' any 

of the preparations, 

6~6 Non-specific Esterases 

Four distinct zones of esterase activity were demonstrated 

in the zymograms of the various gland secretions, the fat body 

and the haemolymph. These zones are designated as (Q), (R), (S) 

and (T) in Figure 22. 

Gland 5 secretions showed the maximum number of esterase 

bands. All zymograms had a single esterase band in zone (Q) 

(Figure 22), but none of the bands had similar electrophoretic 

mobilities. A single band was demonstrated in zone (R) for t he 

" secretions of glands 2t ,6,11,12 and the homogenous glands (Figure 

22), while multiple bands were obtained in zone CRJ for secretions 

from glands 1/ and 5. No bands were present in zone (R) for the 

secretions of gland 3 and the seminal vesicle, 

One or' two esterase . bands were present in zone (SJ of the 
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FIGURE 22 

Diagrammatic representation of non-specific esterase 

zymograms of secretions from accessory reproductive 

glands 1,2,3,4,5,6,11,12, the homogenous glands (Ho), 

the seminal vesicle (SV),washings of the paragonadal 

fat body (fb) and the haemolymph (He). Q, R,S and T 

represent the 4 migration zones of non-specific 

esterase bands. Samples were polymerized in the 

large pore sample gels and electrophoresed for 35 

minutes. Gels were ~tained with the method of 

Whitemore and Gilbert (1974) 
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zymograms from all preparations. These bands stained intensely 

in all cases. Zone tn contained a single est erase band in all 

the samples. 

The paragonadal fat body and the haemolymph produced dis

tinctly different zymogram patterns. Six esterase bands were 

present in the paragonadal fat body, but 10 bands were obtained 

from the haemolymph . Bands fb-b, He-b and fb-c, He-c appeared 

between zones (Q) and (R) and between zones (R) and (S), res

pectively. Two bands appeared in zone (S) of bot11 zymograms. 

A narrow band appeared in zone (T) of the fat body preparation, 

while 5 esterase bards appeared in the same . zone of the haemolymph 

zymogram. Band He-g appeared to correspond to the single bands in 

zone CT) of the zymograms of most of the gland secretions. 

6.7 Comparison of Zymograms and Protein Electropherograms 

The gland secretions and preparation of the fat body and 

haemolymph were electrophoresed under the same condition as those 

used for obtaining enzyme preparations but were stained with CBB-G. 

The protein patterns, thus obta ined (Figure 23) were compared with 

the various zymogram patterns (Figures 17-21). 
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Similarities Between Protein and Alkaline Phos

phatase Patterns 

The similarities between the electrophoretic 

mobilities of AlPase and protein bands have been summarised 

in Table 7. For all the samples, the AlPase bands 

(Figure 17) corresponded to one or more protein bands 

(Figure 23). Bands 1-a, c and e (Figure 17) in the AlPase 

zymogram of gland 1 secretion appeared to correspond res

pectively to protein bands 1-13, 14 and 17 (Figure 23 of 

the same gland). Occasionally a single AlPase band was 

located in the region of 2 to 3 protein bands. For example, 

AlPase band 2-a appeared in the region of protein bands 

2-12 and 13. Similarly AlPase band 3-a appeared in the 

region of protein bands 3-10, 11 and 12. 

B.7.2 Similarities Between Protein and MOH Patterns 

Malic dehydrogenase bands 1-a and 1-c from the 

~ zymograms of glands 1 secretion (Figure 18) corresponded 

to protein bands 1-12 and 1-15, respectively (Figure 23). 

Similarly MOH bands 2-a and 2-b from gland 2 secretions 

and bands 4-a and 4-b from gland 4 secretions 
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Table 7. Comparison of· alkaline phosphatase and. 

protein patterns 

GLAND TYPE AlPase BANDS* 

1 

2 

3 

4 

5 

6 

P~mogenous glards 

11 

12 

Parago nadal fat body 

Haemolvmoh 

Notes • Refer to FIGURE 17 

•• Refer to FIGURE 23 

a 

c 

e 

a 

a 

c 

a 

b 

b 

a 

b 

b 

a 

b 

b 

a 

b 

b 

PROTEIN BANDS** 

13 

14 

17 

12, 13 

10,11,12 

13 

16, 17 

18 

11 .1 2 

14 

15 

11 

7 

B 

B 

6 

7 

11 
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corresponded to the protein bands 2-10 and 2-16, and 4-15 

and 4-18, respectively (Figure 23). Malic dehydrogenase 

bands 3-b and 5-a corresponded to protein bands 3-11 and 

5-10, 11 respectivel y. Malic dehydrogenase bands fb-a 

and fb-b from the fat body appeared to correspond to pro 

tein bands fb-6 and fb-7, respectively. 

6.7.3 Similarities Between Protein and AcPase Patterns 

The electrophoretic mobilities of AcPase bands 

from glards 4,5 and 6 (figure 19) were similar to protein 

bards 4-18, 5-14 and 6-15 (figure 23). The bands with 

AcPase activity in the haemolymph, designated as He-a, b 

and c (figure 19), were located in t he same region as pro

tein fractions He-6, 10 and 11, respectively (Figure 23 ) . 

6.7.4 Similarities Between Protein and a-GPDH Patterns 

a-Glycerophosphate dehydrogenase bands 1-a, 2-b 

and SV-a (figure 20) corresponded to protein bands 1-15, 

2-16 and SV-12, respectively (Figure 23). Two of the 

a-GPOH bands in the haemolymph, He-a and b, were located 

in the region of protein bands H-10 and 11, respectively. 
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FIGURE 23 

Diagrarrmatic representation of the electrophoretic 

patterns of proteins from secretions of accessory 

_reproductive glands 1,2, 3,4,5,6,11,12, the homo

genous glands (Ho), and the seminal vesicle (SV), 

washings of the paragondadal fat body (fb) and the 

haemolymph (He). Only those protein bands with 

electrophoretic mobilities in the range of the 

fastest and slowest moving isozyme bands have been 

shown. Samples were applied in 20% sucrose (1:1 v/v) 

on top of the gel and electrophoresed for 40 minutes . 

Gels were stained with Coomassie brilliant blue-G. 
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6.7.5 Similarities Between Protein and ME Patterns 

Malic enzyme activity was detected only in the 

haanolymph. Malic enzyme band He-.b corresponded to protein 

band He-11 (figure 23) . 

6.7.6 Similarities Between Protein and Non-specific 

Esterase Patterns 

Sim"'.larities between the non-specific esterase and 

protein electrophoretic patterns of the various gland secre

tions, fat body and the haemolymph have been presented in 

Table B. Non-specific esterase zymograms (Figure 22) were 

compared with the protein electropherograms (Chapter 3J 

Figures 3-7) since the sample application technique and 

electrophoresis times were similar in both cases. The 

secretions of various glands (1,4,5,6 and the homogenous 

glands), fat body and the haemolymph revealed esterase bands 

which often corresponded to more than one protein band. 

For example, the secretions of gland 1 contained non

specific esterase bands 1-c, d and f (Figure 22) which were 

located in the region of protein bands 1-K. M and N and R, 

respectively (Figure 3). However, in the zymograms for 

secretions from glands 2,3 and the seminal vesicle, only 



.. 

145 

TABLE 8 Comparison of non-specific esterase and 

protein patterns 

GLAND TYPE EST ERASE 

1 

2 

3 

4 

5 

6 

. 
Homogenous glan:ls 

11 

12 

Seminal vesicle 

~tes: •Refer to FIGUP.E 22 

••Refer to FIGURE 3~6 

c 

d 

f 

c 

b 

a 

b,c 

d 

b 

c 

e 

a 

b 

c 

a 

b 

c 

d 

b 

d 

d 

c 

BAND* PROTEIN BAND'"* 

K 

M,N 

R 

J 

M 

s.c 

G 

M,N,O , P 

F 

H 

M 

A 

c 

G 

c 

--K · - --

Q 

R 

H,G 

R 

M 

R 
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bands 2-c, 3-b and SV-c appeared in the same region as 

protein bands 2-J. 3-M and SV-R. respectively. There were 

also non-specific esterase bands which did not correspond 

to any of the protein bands. The single band in zone (T) 

of non-specific esterase zymograms from ARGs and the fat 

body and band He-h (Figure 22) did not correspond to any 

of the protein bands in electropherograms of the respective 

samples (Chapter 3J Figures 3-7). 

6.B Conclusions 

The secretions of the various ARGs were tested for the 

presence of B enzymes. Three of these enzymes. ME, XDH and IDH. 

could not be detected in any of the ARG secretions. Semi-qua nti

tative comparisons, based on the staining intensities and placement 

of bands for AlPase from the electrophoresed secretions. indicated 

that the first 6 pairs of glands could be distinguished from glands 

11 and 12, the homogenous glands and the seminal vesicle . However, 

these first 6 pairs of glands also differed among themselves. Acid 

phosphatase was absent from the secretions of gland 2, while secre

tions of glands 1,3 and 5 contained 2 AlPase bands in zone (Y) 

(figur e 17). Only.the secretions of gland pairs 1 and 5 exhibited 

AlPase activity near the origin of the separation gel. On the 

basis of MOH patterns (Figure 18) the secretions of the first 6 
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glands were quite distinct. Staining of the electrophoresed 

secretions for a-GPDH also revealed differences among the glands. 

Secretions of glands 3,6 and 12 showed no detectable a-GPDH acti

vity. Non-specific esterase patterns also revealed differences 

in the glands. Gland 5 secretions contained the maximum number 

of non-speci fie esterase band.s. These combined differences in 

enzyme patterns confirmed the earlier findings (Chapters 3,4 and 

5) which showed that the secretions of the various ARGs differed 

in their chemical composition. 
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CHAPTER VII 

SEQUENCE OF EVENTS DURING SPERMATOPHORE FORMATION 

7.1 Events During Sperm Transfer and Description of Sperma

tophores 

During copulatio n, male desert locusts of ~· gregaria 

produce several relatively simple spermatophores within which the 

sperm and seminal fluids are transferred to the female. Male 

migratory locusts, on the other hand transfer a £ingle elaborate 

spermatophore. When collected from the female ovipositors; the 

evacuated spermatophore is a transparent structure, consisting 

of a short thick walled tube and a thin walled bulb (figure 24). 

Each spermatophor e is approximately 1 .s rrrn in length and as many 

as 14 such spermatophores have been recovered after a 4 hour mating 

period (Pickford and Padgham, 1973). In this study, a maximum of 

- six spermatophores were recovered from the ovipositors of a mated 

fanale after a single prolonged mating . 

During sperm transfer, the spermatophore tube penetrates a 

short distance into the spermathecal aperture of the female while 

the spermatophore bulb remains within the males aedeagus. Sperm 

ard seminal fluid are then "pumped" into the spermathecal duct of 

the copulating· fanale. After the sperm ard seminal fl u id have 



149 

FIGURE 24 

Phase contrast photomicrograph of an evacuated 

spermatophore collected from the ovipositors 

of a mated female; 

Sp bl, spe rmatophore bulb; Spm, sperm; Spt, Sperma

tophore tube 

·' 



FIGURE 24 
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been transferred, the evacuated spermatophore ard any excess 

sperm become lodged in the ovipositors of the copulating female. 

Subsequently the male produces another spermatophore and the 

processes of evacuation and expulsion are repeated. 

In order to study the time required for spermatophore 

formation and sperm transfer, copulating pairs were interrupted at 

different periods ranging from 10 to 120 minutes after the onset 

of copulation. 

7 .1 .1 0-30 Minutes 

Spermatophore formation and sperm transfer to the 

spermathecal duct of the female were observed as early as 

10 minutes after the beginning of copulation, By the end 

of 30 minutes an evacuated and expelled spermatophore was 

occasionally observed between the female oviposit6rs. In

active sperm could be collected from between the ovipositors 

and/or arourd the aedeagus on these occasions. When the 

reproductive system of females were dissected after 30 

minutes in copula, sperm were found to have migrated as 

far as preapical diverticulum of the spermatheca. 
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7 .1. 2 30-1 2Cl Minutes 

A minimum of one and a maximum of two evacuated 

spermatophores were observed between the ovipositQrs by end 

of 60 minutes. Additionelly, a third spermatophore was 

normally being formed in the aedeagus and that spermato

phore would be transferred to the female before the end of 

the second hour in copula. 

When unevacuated spermatophores were collected 

from the aedeagus and observed under a phase-contrast micro

scope it was observed that the openings of the spermato

hore tubes were still sealed (Figure 25). An oily secretion 

and granular secretions resembling those from gland 11 or 

12 (Odhiambo, 1969a) were observed inside the tubes of these 

spermatophores. 

7,2 Electrophoresis of Spermatophores 

Spermatophore supernatents or washings were electrophoresed 

as described in Chapter 2,8 and the gels were stained for proteins 

and glycoproteins with CBB-G and the PAS reagent. Lipoproteins 

were not present at detectable levels. 
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FIGURE 25 

Phase contrast photomicrograph of the tip of the 

tube of an unevacuated spermatophore which was 

· collected from the aedeagus of a copulating male. 

The secretions (Sc) at the tip of the spermato

phore tube (Spt) resemble those of the accessory 

reproductive glands 11 and/or 12 



FIGURE 25 
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The protein and glycoprotein patterns of evacuated sperma-

tophores co l lected from f emale oviposit ors have bee n presented 

in figure 26. Fourteen protein fractions were detected. The 

protein bands designated as ~ Sp-F. ~ ?p-G, ~ Sp-Hand ~ Sp-I 

were the major fractions as indicated by the width of the bands 

and by their staining intensity. The major protein fractions 

from evacuated spermatophores resembled the major protein fractio ns 

from the secretions of gl and 5 (Figure 4). Four positive bands 

were also obtained (Figure 26) from evacuated spermatophores . The 

migration patterns of PAS-positive bands ~ Sp-I. ~ Sp - II, ~ Sp- III 

arid ~ Sp-IV were similar to those of the protein bands ~ Sp-F. 

~ ·Sp-I. ~ Sp-K and ~ Sp-M. These bands may be composed of glyco-

protein complexes. 

The electrophoresis of unevacuated spermatophores collected 

from the male aedeagus generated a protein which was different 

from that of evacuated spermatophores. Twenty protein fractions 

were obtained from the washings of unevacuated spermatophores 

(Figure 26). Seven of t hese were in the fast moving zone 

(electr ophoretic zones were described in chapter 3.1). The maj or 

bands, 't ~-C and t Sp-L, were two of the six fractions in the 

medium zone. Eight prot ein fractions were present in the slow 

moving zone and band ~ Sp-M was the ma j or fraction in t hat region 

of the gel . Bands t Sp ~N. 6' Sp-0, ~ Sp-P and C Sp -R also stained 
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FIGURE 26 

Electrophor etic separat ion of proteins and glyco

proteins from supernatents of homogeni zed evacuated 

spermatophores (~Sp) and washings of unevacuated 

spermatophores (~Sp); CBB-G, gels stained for pro

teins wit h Coomassie brilliant blue-G; PAS, gels 

stained for carbohydrates with per-iodic acid -

Schiff's reagents 



N H 

Ill - _-,:,:_ 

G •• 21 

F H I ~lllll\ll\ 
241 

E .............. ·.····· 11 

D ···················· 12 

c jjjjjjjjjjjjI~j~1l1 : 

B ................. 2 

A · 1 

CBB-G PAS 
\~----- ,_ ___ 1 v 

35 

l 

30 
K 29 
J 21 
I H 
H ........... 25 

G 23 

F ·.·:·:::·:·:::·.·~:·: 17 

E ·.·:·:·.-.·:·:·.····· 12 

D :::::::::::::::::::::: 10 

c I 

CBB-G PAS \ _________ / 
v 

OSp 

FIGURE 26 



158 

... 

intensely with CBB-G. Three PAS-positive bands were obtained 

from unevacuated spermatophores. Of these, the PAS-positive 

bands t' Sp-I and II. were located in the region of protein bands 

~Sp-Land M, respectively (Figure 26), indica t ing the glyco

protein nature of these fractions. 

7,3 Immunoelectrophoresis 

No pr ecipitin arc were obtained when the supernatant of 

evacuated spermatophores were reacted individually with guinea-

pig anti-sera to glands 1,4,11,12 and the homogenous glands or 

with anti-sera to the whole gland complex Call glands minus 

seminal vesicle and fat body). Positive reactions were obtained 

when the elect rophoresed washings of unevacuated spermatophores 

were reacted with the guinea-pig anti-serum to the homogenous 

glands and to the anti-sera to the whole gland complex (Figure 27). 

Two close precipitin bands were obtained with the anti-serum to the 

homogenous glands, one of which was similar to the band obtained 

from the reaction with anti-serum to the gland complex. Reactions 

with guinea-pig anti-sera to glands 3,5,6 and 16 could not be 

performed due to the difficulties mentioned in chapter 3 .2. 
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FIGURE 27 

Photographic record of the irrmunoelectrophoresis of 

washings of unevacuated spermatophores CJ5p J and 

normal guinea-pig serum CN-Gp•S). The antigens were 

precipitated by the following antibodies : 

c Gui~ea-pig anti-gland 12 

d Guinea-pig anti-gland 1 

e Guinea-pig anti-ARG mixture serum 

f Guinea-pig anti-homogenous glands 
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7,4 Conclusions 

Fourteen protein bands appeared in the electrophoresed 

supernatents of the evacuated spermatophores which were obtained 

from females . Four of these bands represent ed major protein 

components, two of which (~ Sp-F and I Figure 26) appeared to be 

glycoproteins . Twenty protein fractions were stained from the 

washings of unevacuated spermatophores obtained from males and 

7 of these bands represented major components. Two PAS-positive 

bands (~ Sp-L and Ml appeared to represent glycoprotein complexes. 

The electrophoretic patterns of the supernatents from homo

genized evacuated spermatophores and the washings from unevacuated 

spermatophores were quite distinct. They may reptesent two 

largely different groups of proteins. The supernatant of the 

evacuated spermatophores could consist mainly of the polymerized 

products of the accessory glands which are used for the construction 

of the spermatophore itself, On the other hand electrophoretic 

pattern from the washings of unevacuated spermatophores may re

present the polymerization products which comprise the seminal 

flu id component. 

The above interpretation is supported by the immunoelectro

phoretic analysis. Only one common antigen appears to be present in 
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the washings of the unevacuated spermatophores and the ARG 

complex. There were no reactions between the anti-sera to indi

vidual ARGs or ARG complex and the supernatant of evacuated 

spermatophores . The antigenicity of protein secretions of the 

individual ARGs appears to be highly modified by the polymeri

zation processes which must accompany spermatophore formation. 
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CHAPTER VI I I 

EFFECT OF SPECIFIC ANTIBODIES ON THE DEVELOPMENT 

AND FUNCTION OF ACCESSORY REPRODUCTIVE GLA NDS 

8.1 Nor mal Accessory Reproductive Gland Pattern Dur i ng 

Adult Development 

At ecdysis adult males of S. gregaria have a pink body 

colouration. During the subsequent days of adul t development the 

body colouration changes progressively to yellow (Penner, 1967) . 

The acquisition of a yellow body colour is a secondary sexual 

characteristic and is correlated with the onset of reproductive 

maturation. Under the rearing conditions used in this study some 

males could form spermatophores and inseminate females after 12 

days of adult development. The growth and development of the testes 

and ARGs is complete by day 19 when males are able to inseminate 

females. At that time they have acquired a bright yellow body 

colouration. 

In order to form a basis of comparision for the experi-

mental and control series, it was necessary to determine the 

normal growth patterns of the ARG complex during this period of 

adult development. Measurements of length and width of the ARG 

complex of locust 3,7,10 and 19 days aft er adul t ecdysis were 
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taken and mean values have been presented in Table 9. The 

measurements varied from 3.10±0.04 mm (length) ard 1 .9±0.04 nm 

(width) for 3 day old locusts to 5. 6±0 .1 0 mm (1 ength l and 

2.29±0.17 mm (width) for 19 day old locusts. Because the 

variance of the meassurements in successive age groups increased 

in proportion to the increasing means, the length and widths were 

transformed into log values. The log width was plotted against 

log length for different days (Figure 28) to obtain an allometric 

growth curve for the ARG complex. The resulting growth curve did 

not appear to be 1 inear. During the early days of adult develop

ment (till about day 7) the width of the ARGs increased at a 

faster rate than the length. Between days 7 and 10 the situation 

charged when the length increased at a slightly higher rate than 

the width. From day 10 onwards the relative rates of growth of 

the length ard width were nearly equivalent ffigure 28). In order 

to determine the effect of specific antibodies or normal guinea

pig serum (normal serum) on the growth of the ARGs a linear growth 

plot was required . An ARG growth index was derived from the 

product of the length and width measurements. An increase in the 

value of this product should reflect an increase in the volume of 

ARG complex. Because the variance of the ARG indices also 

increased with the magnitude of : the group means, they were con

verted to their log values. A linear growth plot was obtained 

when the log ARG indices were plotted against their respective 
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TABLE 9 Comparison of means, standard errors and variances 

for measurements (in .mm) of ARG growth during post-

ecdysial adult development 

ARG measurements on Numbers Means Variance 
various days (± SE) rrm 

~ 

ARG length 23 3.104 :t 0 .043 0.043 
... 

ARG width 23 1.191 ± 0.035 0.028 

~ 

ARG length 20 3.360 ± 0.066 0.087 

ARG width 20 1.543 ± 0 ,039 0.030 

Day 10 

ARG length 21 4.0S_? ± 0 .093 0.173 

ARG width 21 1.495 ± 0.043 0.039 

Day 19 

ARG length 35 5,614 ± 0.101 .D.357 

ARG width 35- 2.291 ± 0,069 0.168 

·' 
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FIGURE 28 

Logarithmic growth curve showing the changing re

lationships between increasing accessory repro

ductive gland (ARG) complex width to increasing 

length on a log-log scale during the adult deve

lopment of male .§.• gregaria . Plotted values 

represent the means ± standard errors of log trans

formed data. Figures in brackets represent the 

number of observations on respective days of deve-

1 opment 
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days of development (figure 2Sl. 

6,2 Effect of Various Treatments on ARG Growth 

The various injection treatments of male locusts with 

guinea-pig-anti-ARG mixture serum (anti -serum) and normal serum 

have been described in the materials and methods Chapter 2.9. In 

each experimental and control series. the locusts were dissected 

ard assayed on the nineteenth day of adult development when the 

length ard width ~asurements of the ARG complex were taken. The 

log values for the ARG growth indices were calculated for each 

individual as described in the previous section. The group means 

ard their standard errors for the log ARG growth indices in the 

controls and experimental series have been presented in Table 10. 

The significance of the various treatments effects was tested using 

a single classification analysis of variance with planned compari

sons between the group values for the log ARG growth indices 

(Table 11). The injection of normal serum ard anti-serum. in all 

experimental series. had a pronounced inhibitory effect on ARG 

growth which was highly significant (P<. 001) • Similarly. the 

inhibitory effects of the anti-serum were greater than those of 

the normal serum. _ in all series. and that dHference .was highly 

significant (P<.001). · Although the mean log ARG growth index of 

males injected with normal serum on days 3.7 and 10 was lower than 
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FIGURE 29 

Semi-logarithmic plot, illustrating .the normal pattern of increase 

in the mean log-transformed values of the accessory reproductive 

gland CARG) growth index (length x width) with days after adult 

emergence of male.§.• gregaria. The arrow indicates the day of 

adult development on which spermatophore production is first 

observed. 

Inhibition of ARG growth on day 19, following the injection of 

mixed anti-sera raised in guinea-pigs to the antigens of the 

ARGs, is also illustrated and the equivalent day of normal deve-

- lopment (EqNO) cor responding to the respective level of inhi-

bition is extrapolated from the plot of normal growth. If the 

ARG growth index continued to increase in the same log-function 

beyond day 19, then the maximum value of the ARG growth index 

(Max Gl, open circle) calculated from the length and width re-

ported by Odhiambo (1969a) would be reached between days 22 and 

23 of adult development. 

Series I treatments consisted of the injection of 0.1 ml of 

mixed anti-serum CI as) or normal serum CI ns) on days 3,7 and 

10 of adult development. Series II treatments consisted of the 

injection of 0.1 ml of mixed anti-serum (II as) or normal serum 

(II ns) on days 7 and 10 a~ter adult emergence. Series III 

treatments consisted of the injection of 0.1 ml of mixed anti-

serum (III as) on day 10 after adult emergence 
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Table 10 Group means and standard errors for log ARG growth 

indices in the control and experimental.series 

Groups Numbers Mean ± SE 
log growth index 

Control Series 

3 days old 23 -· 0,5637 :± 0.0149 

7 days old 20 0.6946 .± 0.0160 ... 
10 days old 21 0,7904 ± o.0196 

19 days old 35 1,1036 ± 0 . 0156 

Experimental Series I , injected on days 3,7 and 10 with 

Anti-serum 21 0,6670 ± 0.045::1 

Normal serum 16 0,9120 ± 0.0472 

Experimental Series II, injected .on days 7 and 10 with 

Anti- serum 20 0.1!054 ± 0,0552 

Normal serum 8 0,9830 ± 0.0091 

Experimental Series III, injected on day 10 with : 

Anti-serum 11 0 , 8836 ± 0.0260 
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TABLE 11 Effects of normal serum and anti-serum injections 

an lag ARG growth indices - single classification 

analysis. of variance with treatment sum of squares 

_decomposed inta:planned comparisons -

Source of variation 

Treatments 

Control Vs Injections 

SS 

' ,...,' · 

2.6214 

1.9196 

Normal serum Vs anti-serum 0.4835 

Among normal serum 0 . 0260 

Among anti-serum 0.3923 

Within 3 . 2SS6 

.r. 

df MS 

s 0.5643 

1.9196 

1· 0.483S 

1 0. 0260 

2 0.9162 

107 o . 0~04 , 

Total 6.0770 112 

, / 

F's P(< ) 

18.546 . 001 

63 . 090 . 001 

1S.892 . 001 
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that for males injected on days 7 and 10, the difference among 

these inhibitory effects was not significant. On the other hand, 

the inhibitory effects of the injection of anti-serum on day 10, 

on days 7 and 10, and on days 3,7 and !0., .were progressively more 

pronounced and differences among these treatments were signifi

cant at the .005 level. 

When locusts were injected on days 3,7 and 10 with anti

serum (experimental series IJ the ARGs were not filled with 

secretions by day ~9 and could not be easily identified using the 

landmarks described by Ddhiambo (1969a). The paragonadal fat body 

was either white or pale yellow as compared to the bright yellow 

of 19 day old untreated males. The glands of the normal untreated 

males were full of accessory secretions and could easily be identi

fied (Figure 30), An extreme effect of the injection of anti-serum 

in experimental series I is demonstrated in Figure 31. The ARG 

complex resembled that of a 3 day old male. When compared to the 

normal development of males in the control series by a t-test the 

mean log ARG growth indices of the series I males injected with 

anti-serum were not significantly different from those of 7 day 

old normal ma les . However, they were significantly lower (P<.05) 

than those of normal males in the 10 day old group. 

Injection of normal serum on days 3,7 and 10 (Series I) 
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FiGURE 30 

Colour photomacrograph showing the accessory repro~ 

ductive glands (ARGs) of normal untreated 19 day 

old adult male S. gregaria. The paragonadal fat 

body is yellow in colour and the first six glands, 

which are filled with secretions, are easily dis

tinguishable. 



FIGURE 30 
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FIGUR E 31 

Colour photomacrograph showing the extreme inhibitory 

effect of guinea-pig a nti ARG-serum on t he growth of 

accessory reproductive glands of males injected on days 

3.7 a nd. 10. and dissected on day 19 of adult deve

lopment • The paragonada l and perivi sceral fat bodies 

are white and the individual ARGs. which are not filled 

. with secretions are not distinguishable 



FIGURE 31 
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of adult development also inhibited th.e growth of ARGs. The 

mea n log ARG growth index of seri.es I serum inject ed males was 

greater than that of the 10 day old control gro ups, but was 

significantly lower (P< .001) than that of the 19 day old controls 

(Table 12). At the same time, the mean log ARG growth index of 

anti-serum injected males in series I was significantly lower 

CP<.001) than that of the 19 day old co ntrols (Table 12]~ At 

the same time the mean log ARG growth index of anti-serum in-

jected males in series I was significantly lower (P< . 001) than 

that of normal serum injected series I males. ,,./hen these males 

were placed with virgin females for mating, only the normal serum 

injected series I males inseminated females. The series I ariti-

serum injected males remained passive and did not attempt to 

copulate with females. The body colouration of anti-serum and 

normal serum injected males (series I) were different (Figure 32). 

While the normal serum injected males had attained the yellow body 

colouration, the anti-serum injected males were brownish and the 

femur colour was dark brown (Figure 32). 

When the mean treatment log ARG growth indices were ex-

trapolated on the plot of normal ARG growth for days 3 1 7,10 and 

19 (Figure 29) the mean values for the anti-·serum injected males 

corresponded to day 6 of normal development. The normal serum 
. 

injected males had mean growth indices extrapolated to those of 
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TABLE 12 Effects of nonnal serum and anti-serum injections 

·on log ARG growth indices - Tests for differences 

between group means 

Comparisons t11tatht1c df PC<) 

Control Series 

3 day to 7 day 5.073 41 .001 

7 day to 10 day 3.763 40 .001 

10 day to 19 day 12.274 54 ,001 . 

Experimerr::• l Ser ies 

I anti-serum to I normal serum 3.611 37 .001 

I anti-serum to III ant!-saruni 3. 164 31 . 01 

I anti-serum to II anti - serum 1. 887 40 NS 

II anti-serum to I I normal san.1111 1. 956 26 .05 

II anti-serum to III anti-serum 0.845 30 NS 

III an~i-serUl!I to II normal $Brum 2.983 17 .01 

Between Expe'r1mental and Control Series 

I anti-serum to 10 day 2.419 41 ,OS 

I anti-serum to 7 day 0.545 40 NS 

II anti-serum to 19 day 5,478 54 .001 

II anti -serum to 10 day 0,257 40 NS 

III anti-serum to 19 day 6.826 45 .001 

I normal serum to 19 day 4.668 52 .001 

II normal serum to 19 day 3.567 42 .001 
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FIGURE 32 

Colour photograph comparing the effects of guinea

pig anti ARG-serum (A) and normal guinea-pig serum 

(8) on t he body colouration of males injected on 

days 3,7 and 10, and observed on day 19 after adult 

emergence. The colours painted on pronotums of the 

males were used to differentiate between experimental 

groups maintained in one cage 



FIGURE 32 
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13 day old normal males. 

Locusts which received anti-serum injections on days 7 and 

10 (series II) attained a pale yellow bcidy colouration by day 19 . 

Although their ARGs contained some secretion and individual gland 

types could be identified they were not as developed as those of 

19 day old untreated males. The colour of the paragonadal fat 

body varied from pale yellow to yellow. The mean log Affi growth 

index of series II anti-serum injected males was significantly 

lower (P<.001) than that of 19 day old untreated males (Table 12). 

However, their mean index corresponded closely to that of 10 day 

old untreated males (Figure 29) and was not significantly 

different from the mean for that group (Table 12). 

The normal serum injected males in series II had a mean 

log ARG growth index which was significantly lower (P<.001) 

than that of 19 day old untrea ted males (Tables 12) and signi

ficantly higher (P<.05) than that of the series II anti-serum 

injections. Like the series I normal serum injected males, 

serum injected males from series II were able to transfer normal 

appearing spermatophores to receptive females. The anti-serum 

injected series II males, like those of series I, remained 

passive towards virgin females and did not attempt to copulate 

with ther.1. 
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In series III, male locusts received only one injection 

of anti-serum on day 10 of adult deve l opment. The males attained 

a yellow body colouration and their ARGs were filled with 

accessory secretions. Individual glands could easily be identi

fied using the landmarks described by Odhiambo (1 969a). Males 

from this series readily copulated with receptive virgin females 

and transferred normal appearing spermatophores. Still, the 

m~an log ARG growth index of the males in this series was signi

ficantly lower CP<.001) than that of the 19 day old normal un

treated males CT able 12). By extrapolation (Figure 29) their 

growth was equivalent to that of 12 day old untreated males. 

8,3 Normal Guinea-pig Serum Proteins 

Electrophoresis of normal guinea-pig serum revealed 19 

protein bands (Figure 33) of which bands A and B were the 

pre-albumin and albumin fractions, respectively. Comparison of 

pr otein patterns from ARG secretions (Chapter 3J Figures 3-7) 

and the normal guinea-pig serum protein pattern revealed a number 

of common protein bands. Protein bands 1-L [Figure 3), 4-J, 

5-J and 6-F (Figure 4) were present in the same migration zone 

as normal guinea-pig serum protein band D. Similarly, band F 

of the serum had a similar electrophoretic mobility to bands 4-L 

(Figure 4), 11 -K, 12-K (Figure 5), fb-H (Figure 6) and He-G 



. ~ . :. '· . 
'•· · . 

184 

FIGURE 33 

Electrophoretic patterns of proteins separated from 

normal guinea-pig serum CN-Gp-S)1 CBB-G, gel stained 

for proteins with Coomassie brilliant blue-G 
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Table 13 , Comparison of normal gui.nea-pig serum proteins ... 
with proteins from ARGs, fat body and the hae-

molymph of 19 day old adult male S. gregaria 

~ .. 

NORMAL GUINEA-PIG SERUM PROTEINS 

A!slc!o JE!F !cjH j r !J!K i LiMjNJo j P jQiR!S 

SAMPLES ' I ' 
I ... 

Gland I l N Q R I 
I') 

Gland 2 I Q R 

Gland 3 Ip .. .. 
Gland 4 J l p I u ;; 

Q 

I 
i.: 

Gland 5 J 

Gland 6 F H l E 
e 

Homogenous glands 0 s z -
Gland 11 K I T .. .., 
Gland 12 K p c: .. 

..Cl 
Seminal vesicle 

Paragonadal fat body A H J 0 c 
·c; 

Haemolymph G H p R 
0 
ci: _, 

No~e For normal guinea-pig serum protein · p~tterns refer 

to Figure 33 

·~ . 



·r 

' " 
~ . 

187 

(figure 7). Other fractions in the normal guinea-pig serum may 

also have been common to some of the ARG secretion proteins 

CTable 13). 

8 .4 Conclusions 

~ The growth of the ARGs in sexually maturing males can be 

inhibited by the injection of a mixture of antibodies against the 

ARG secretion proteins. Inhibition was maximized when the 

injection of antibodies began early (day 3) in adult development. 

The inhibition of ,A,RG growth was correlated with the incomplete 

development of secondary sexual characters (yellow body colouration) 

and paragonadal fat body and the suppression of normal mating 

behaviour. The effects of anti-serum injections were less pro-

nounced when the injections began on day 7 or day 10 of adult 

development. Infact, the injection of antibodies on day 10 did 

not dela.y the acquisition of yellow body colour or prevent sperma-

tophore production by males which had matured to 19 days of age. 

Under the rearing conditions used in this study, male locusts 

could inseminate females by about day 12. Therefore, the ARG 

secretion complement may be nearly complete by day 10 of adult 

development although the glands continue to grow in size (Figure 

29) . In order to disrupt the reproductive capacity of males 

injected late in adult development ~ quantities of antibodies 
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larger than those used in this study might be needed. 

One of the haemolymph proteins has been shown to be common 

to the secretions of glands 1,11 and 14 by immunochemical techni

ques (Chapter 3.2). Other haemolymph proteins common to ARG 

secret ions and fat body have also been demonstrated by disc electro-

phoresis (Chapter 3,1). It is likely that the pronounced effect 

of the anti-serum on ARG growth was due to the precipitation of 

these proteins while they were still in the haemolymph and before 

they could be tranE·ferred to the glands. Other antibodies in anti 

serum were to ARG secretion antigens which did not appear in the 

haemolymph. The inhibitory action of these antibodies might occur 

within the gland tissues themselves . 

The inhibition of ARG growth also occurred when sexually 

immature males were injected with normal guinea-pig serum. While 

the growth of the ARGs was slightly inhibited the secondary sexua l 

characters developed normally. This inhibition of growth may have 

been due to a reduction in the food intake of serum i njected and/or 

tne loss of haemolymph following injection. 
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CHAPTER IX 

CONCLUSIONS AND DISCUSSIONS 

The original aims of this study were two-fold : ( 1) to in

vestigate the detailed chemical nature of various ARG secretions 

of male.§.• gregaria by electrophoretic, immunochemical and chroma

tographic techniques1 and (2) to use these same techniques to 

elucidate the functions of various ARGs during spermatophore for

mation and secretion of the seminal fluids. As a result of the 

initial experimental results, a third objective emerged, namely to 

determine if antibodies raised against ARG secretions could be 

used to disrupt the normal development and/or functions of ARGs 

in sexually maturing or mature males. In this chapter, the con

clusions and discussions have been focussed on these three 

objectives. 

9.1 Characterization of ARG Secretions 

Previous investigations demonstrated that 9 types of ARGs 

can be characterized in male s. gregaria on the basis of histo

logical, histochemical and ultrastructural criteria (Odhiambo, 

1969a, 1969b). In this s t udy, however, the different electro~ 

phoretic techniques have demonstrated distinct protein and gl y

coprotein patterns for the secretions from the various ARGs. 
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For example, Odhiambo (1969a, 1969b) grouped glands 3 and 5 as a 

single type since they alone produced secretions which co ntained 

acidic lipoproteins. Several of the major protein ba nds f r om the 

secretions of these glands showed similar electrophoretic mobili

ties (Figures 3 and 4), but the over all electrophoretic patterns 

were different. Moreover, the secretions of gland 5 had 5 glyco

protein bands while gland - 3 had only 2 such bands. The combined 

protein patterns for the homogenous glands, including gland pairs 

7,8,9,10,13,14 and 15 were more complex than those from single 

pair of glands . Such Oomplexity might be expected from the pooled 

secretions of several different types of glands. Together with 

the biochemical observations reported in the previous chapters, 

these data imply tha t each pair of accessory reproductive glands 

may have one or more unique roles in t he secretions of accessory 

seminal fluids and/or spermatophore formation . This would not 

necessarily prelude several pairs of glands from sharing other 

common functions. 

Multiple protein and glycoprotein patterns, such as those 

found in the secretions of the ARGs of male ~· gregaria have been 

reported from several other insect genera, including Musca 

(Terranova~~·· 1972), Drosophila (van Wyl, 1976) and Glossina 

(Dhadialla, 1973). These findings are intriguing since histolo

gical and ultrastructural studies have shown that the secretory 
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cells which form the accessory glands of .!:!.· domestica (Leopold, 

1970s Riemann, 1973) and those of each gland type in .§..• gregaria 

(Odhiambo, 1969a, 1969b) were similar. Odhiambo (1969b) consi-

dered the multi-lobed accessory glands qf .§..• gregaria to be an 

example of the "vertical" compartmentalization of the epithelial 

tissue. Consequently, the gland cells of .§.• gregaria are not only 

specialised to form distinct gland types, but histologically and 

ultrastructurally similar cells are also specialized to produce 

different types of proteins and glycoproteins. 

The common nature of some of the pr otein bands in the 

various gland secretions has been confirmed by immune-electro-

phoresis. These analyses revealed that one antigen was conman to 

glands 1, 11 and 12 and the haemolymph, while a second antigen 

occurred in the secretions of glands 3,4,5 and 6. On comparison 

of the electropherograms it seemed probable that the major bands 

1-0 (Figure 3), 11-0 and 12-N (Figure 5) and He-K (Figure 7) were 

immunochemically identical. Similarly, protein bands 3-J (Figure 

3), 4-J, 5-J and 6-F (Figure 4) probably represent a single anti-

gen. 

The molecular weights of various insect ARG secretory 

proteins when previously determined, have been shown to be re-

latively low as in Musca (Nelson~~·· 1969; Terranova~~·· 
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1972), Drosophila (Baumann, 19741 van Wyl, 1976) and Hyalciphora 

and Anthraea(Shepherd, 1974b and 1975), A comparison of the 

electrophoretic patterns obtained from male .§..• gregaria ARG 

secretions (Chapter 3) with the electrrphoretic patterns for 

normal guinea-pig serum (Chapter 8), normal human serum and in

sulin (Dhadialla, unpublished observations) provides an estimate 

of their isoelectric point (pI) and a rough approximation of mole

cular weights. In general, proteins from the locust gland secre

tioh, fat body and haemolymph have a lower ,electrophoretic mobi

lity than insulin with its molecular weight of 5,700 (Lehninger, 

1970), Only a few of the faster moving locust protein bands had 

mobilities between those of insulin and albumin CpI of 4.9; 

Sober, 1970: molecular weight of 68,0001 Lehninger, 1970) 

Most of the locust protein bands were present between those for 

albumin andtG-immunologlobulins (pI of 5.8 - 7.31 molecular 

weight range of 151,000 - 161,0001 Sober, 1970), By deduction it 

would appear that most of the locust protein fractions had mole

cular weights between 68 , ODD and 161, ODO, while a few of the mole

cular weights might have been as low as 5,700 , The paragonial 

secretions of O. melanpgaster .have a molecular weight range of 

12,000 - · 122,000 daltons (van Wyl, 1976). Similarly the molecular 

weights of the two matrons subunits which have been isolated from 

the male accessory secretions of A. aegypti were 30,000 and 

60,000 daltons respectively. Thus.these estimates of the male-
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cular weights for .2.• gregaria ARG protein fractions appear to be 

quite consistent with these observations on other insects. 

Analysis of free amino acids in the methanolic extracts of 

various ARG secretions. fat body and haemolymph of .2.· gregaria 

revealed a total of 18 amino acids. of which a-alanine. glycine, 

methionine. phenylalanine. serine and aspartic acid were quanti

tatively important. Histochemical and spot tests have demonstrated 

amino acids in the secretions of.!:.· nuttalli (Gerber et~·· 1971b). 

~· americana (Vijayalekshmi and Adiyodi. 1973) ard £• ischnocheles 

(Legg. 1973). Amino acids have also been demonstrated in their 

free form (Leopold, 1970J Leopold et~·· 1971J Terranova et~·· 

1972J Chen and Oechslin, 1976) and bound in proteins (frenk and 

Happ. 1976) of the glands and secretions of several insects. It 

should be noted that the first 6 pairs of ARGs in .2.· sregaria. 

together with gland 12. have secretions which were particularly 

rich in free amino acids. Vijayalekshmi and Adiyodi (1973) pro

posed that free amino acids may maintain the osmotic pressure of 

ARG secretions in Periplaneta. The free amino acid levels of ARG 

secretions are high in .2.• gregaria but further experiments must 

be designed and carried out before their role is known with 

certainty. 
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The analyses for free sugars, like those for free amino 

acids failed to reveal major differences between the individual 

pairs of glands. Trehalose and/or inositol and an amino sugar{s) 

were present in the secretions of all glands, but fructose was 

restricted to glands 1,2,3,4,5,6,11, the homgenous glands and the 

seminal vesicle. Sucrose was present in glands 3,4,11 9nd the 

seminal vesicle, but glucose was detected only in the secretions 

of gland 1~. Inositol has been identified as the prominent sugar 

reserve in the ARGs of f.· americana (Vijayalekshmi and Adiyodi, 

1973) and glucose was found in the seminal plasrr;.3 of that insect. 

As with the results for proteins and amino acids, the similarity 

between the sugar contents of the ARG secretions of §.• gregaria 

and other insects imply a uni formity in their functions , 

An unidentified compound from the gland secretions and the 

fat body of §.· gregaria, and a second closely related compound 

from the haemolymph, have as yet unexplained functions. The first 

compound migrated in t he region of the sugars or amino sugars 

but did not react with alkaline silver nitrate or aniline phtha-

late reagentr Njogu and· co-workers (1970) encounte~ed a compound 

with similar properties while analysing the sugars of trypanosomes. 

They concluded that their compound was an amino sugar. Their 

arguments cannot be convincingly extended to S. gregaria compounds, 

however, since amino sugars would show a positive reaction with 
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alkaline silver nitrate . The vario us spot tests performed on 

the unknown compou nd from the accessory secretions indicate t hat 

it is a purine. probably a guanine derivative. These tests are 

further supported by preliminary i nfra-red spectroscopic in

vestigations. 

Purine compounds, especially uric acid, are often stored 

in insect tissues as a form of deposit excretion (Bursell, 1967; 

Maddrell, 1971). Male cockroaches, Blat tella ger manica and 

several other species. accumulate excess uric acid in their ARGs 

and it is "excreted" at the time of mating when the newly formed 

spermatophore is completely covered with uric acid (Roth and Dateo, 

1964). The guanine-based unknown compounds from.§.• gregaria 

were detected in relatively small amounts .and it does not appear 

that they are involved in deposit excretion. Quantities of 

guanylate cyclase have been reported to accumulate in the ARGs 

prior to mating and to appear in the ARG secretions of the ma l e 

cricket, A. domestica (Fallon and Wyatt; cited by Filburn and 

Wyatt. 1976). These authors argued that the build up of c - GMP in 

the male ARGs prior to copulation was one evidence for its involve

ment in a hormonal mechanism controlling spermatophore formation. 

Further research should be undertaken to assess the possibility 

that the unknown compounds reported in this study are involved in 

similar hormonal mechanisms in s. gregaria. 
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Histochemical studies have revealed lipids, pho.spholi-

pids and phospholipoproteins in the ARGs of L. nuttalli (Gerber 

~~., 1971b)and b_· persicus (Tatchell, 1962) . Odhiambo (1969a, 

1969b) reported the presence of acidic-lipoproteins in the secre

timns of ARGs 3 and 5 of male s. gregaria, In this study, lipoproteins 

could not be detected when electrophoresed gels were stained with 

Sudan black B. It is possible that if lipoproteins were present, 

they were not at levels which could be detected by disc electro

phoresis . Both lipids and phospholipids were found in chloroform

methanol (2:1 v/v) extracts of the various ARG secretions and in 

some cases individual glands showed characteristic patterns, 

Gland 6 secretions contained all classes of neutral lipids but 

the secretion of gland 4 was devoid of neutral lipids. The neutral 

lipid compositions of glands 5 and 6 were found to be similar but 

monoglycerides were absent from the gland 5 secretions. Spots 

corresponding to sterols were found in the secretions of all 

glands except 1,2,4 and 12 while sterol esters were present only 

in the secretions of glands 5 and 6. The lipid contents of S. 

gregaria ARG secretions were not unusual since sterols and/or 

their esters has also been demonstrated in the ARG secretions of 

P. americana (Vijayalekshmi and Adiyodi, 1973), 

The ARG secretions of s. gregaria also contained trace 

amounts of phospholipids in the form of phophatidyl compounds of 
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ethanolamine, serine, inositol and choline. Phosphatidylethano

lamine and phosphatidylcholine were common phospholipids in the 

ARG secretions of Schistocerca. Phosphatidylserine was present 

in the secretions of glands 2,3 and 4, , while phosphatidylinositol 

was found in the secretions of glands 2,5,6,12 and the homogenous 

glands. Phosphatidylcholine was the only phosphatidyl compound 

in the secretions of gland 1. A predominance of phosphatidylcholine 

over phosphatidylethanolamine has been demonstrated in the ARG 

secretions of Periplaneta (Vijayalekshmi and Adiyodi, 1973). 

Tests for the presence cf enzymes in the ARG secretions 

and tissue-extracts of male S. gregaria were made for two purposes. 

The distribution of enzymes is often used in studies on tissue 

organization, development and metamorphosis (Wagner and Selander, 

1974) and in the next section of this chapter the distribution of 

some enzymes will be related to probable gland function. But 

differences in the enzymes distribution can also be used to 

characterize the gland secretions. Three enzymes CIDH, XDH and 

malic enzyme) were not present at detectable levels in any of the 

accessory secretions. Alkaline phosphatase levels were high in 

secretions from the first 6 pairs of glands, but were low in 

secretions from g.lands 11, 12 and the homogenous glands. Similariy, 

MOH occurred in larger amounts in the first 6 pairs of glands. 

Non-specific esterase activity was present in all secretions but 
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was at its highest level in gland 5 secretions . Acid phasphatases 

appeared as single bands in the electrophoresed secretions of 

glands 1,3,4,5 and 6. Individually the distribution of enzymes 

tends ta separate t he gland secretions ~nta several types. When 

the data for all enzymes are combined, however, each. secretion 

has its own distinctive combination. 

The use of electropharetic, chromatographic and immuno

chemical techniques have revealed significant differences in the 

biochemical composition of the various secretions of the ARGs, the 

washings from the paragonadal fat body and preparation of the 

haemo lymph of.§_. gregaria males. In contrast to previous in

vestigations (Odhiambo, 1969a, 1969b) the secretions of glands 3 

and 5 were shown to be quite distinct in terms of their protein, 

glycoprotein ar.d enzyme patterns and in their free amino acid, 

free sugar, neutral lipid and phospholipid ccmposition. Odhiambo 

(1969a) also found that the secretions of glands 2 and the homo

genous glands had a "fibrous mucopolysaccharide" character, while 

in this study only single PAS-positive bands were observed in the 

secretions of these glands. In this respect the secretions of 

glands 2 and the homogenous glands could not be distinguished 

from the other secretions. One possible explanation for these 

contradictory findings may be related to the age of the males 

used in each study. Odhiambo (1969a, 1969b) used "sexually mature" 
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males whose age could have varied from 12 to 23 or more days post 

ecdysis. Cycles in the increase of both lipid and protein content 

have been observed during the period of breeding activity in the 

pseudoscorpion, E.· ischnocheles Clegg, 1973). Moreover , Odhiambo 

(1969a ) characterized the secretions of gland 2 and the homogenous 

glands as mucopolysaccharides on the basis of PAS tests, even 

t hough the tol uidine blue and alcian blue gave negative results. 

Periodic acid-Schiff's reagents are used as general test s for the 

presence of ~mine su_gars, uric acid, sulphuric acid residues and 

glycoproteins, while toluidine blue and alcian blue are specific 

fo r mucopolysaccharides (Pearse 1960). Infact, Odhiambo's data 

like the observations reported in this study, indicate that the 

secretions of these glands contain glycoproteins. 

The other differences between the observations of Ddhiambo 

(1969a, 1969b) and those reported in this study are more easily 

explained. Anatomically, Odhiambo gr ouped the ARGs into 4 cate

gories incl uding the opalescent (1 pair), white (4 pairs), and 

hyaline glands (10 pairs), and the seminal vesicle. With histo

chemical and ultrastructura l criteria , however, he was able to 

distinguish 9 gland types. The observations reported in this 

study were at the biochemical l evel and at this level of organi

zation the secretions of each gland appear to be distinct for all 

glands other than the homogenous glands. Infact, the observations 
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on the pooled secr etions of the homogenous glands imply that they 

too might consist of biochemically distinct t ypes. This still 

needs to be confi r med. 

9.2 Functions of Accessory Reproductive Gla nds Related to Sperma

tophore and Accessory Semi nal Fl uid Production 

The accessory r eproductive gland secretions of male arthro

pods have been s hown to produce the materi als involved in sperma

tophore production (Tatchell , 1962; Hartmann, 1970; Leahy, 1973; 

Chaudhury and Dhadialla, 1976; Frenk and Happ , 1976) which are 

largely proteinaceous in nature (Khalife, 1949; Davey, 1960; 

Gregory , 1965), Disc gel electrophoresis of the supernat ant of 

homogenized spermat ophores collected from fema l es after evacuation 

revealed 14 protei n fractio ns, of whic h 4 were glycoproteins. 

Similarly, the electrophoretic patterns from the washings of un

evacuated spermatophores collected from males contained 20 protein 

bands of which 2 were glycoproteins. Besides the differences in 

the number of bands, the di f f erences in the electrophoretic patterns 

indicated that -the constituent protein fractions wer e quite 

different. I t is likely that the protein fractions from t he 

evac uated spermatophores represented t he solubilized structura l 

components of the spermat ophore itself. The fractions obtained 

from the unevacuated spermatophores, on the other hand, represented 
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the proteinaceous components of the accessory seminal fluids. 

It had been hoped that immunoelectrophoretic techniques 

could be used to determine the ARG source of spermatophore pro

teins in~· gregaria. Frenk and Happ (1976) used this technique 

successfully to demonstrate the contribution of the bean shaped 

ARG of I• mol itor to spermatophore formation . When electro

phoresed samples of the evacuated spermatophores of ~· gregaria 

were reacted with guinea-pig anti-serum to the ARG complex or to 

individual glands, there were no precipitin reactions. As noted 

previously in chapter VII, there are two possible explanations 

for these results. It is possible that the anti-sera, which were 

raised against a combination of ARG antigens (even i n the case 

of anti-sera to individual glands) were so waak that the technique 

lacked the sensitivity needed to precipitate the spermatophore 

proteins . But it should be remembered that the spermatophore is 

probably formed as the final product of a series of polymerization 

reactions possibly involving the proteins, glycoproteins, lipids 

and/or phospholipids, within the mixed secretion of the ARGs. In 

that case the antigenicity of the structural components should be 

expected to be quite different from those in the individual gland 

secretions . 
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The irnmunoelectrophoretic technique did show that the 

washings of unevacuated spermatophores contained two antigens in 

corrrnon with the secretions of the homogenous.glands. As argued 

in Chapter VIII, it appears likely that these antigens may repre-

sent some of the components of the accessory seminal secretions of 

.§.• gregaria. Pickford and Ewen (1969) demonstrated the involve-

ment of t he short hyaline glands of male Melanoplus in the pro-

ducti6n of a substance which enhanced oviposition in that species. 

Leahy (1973) showed that the implantation of the ARG complex of 

mature male .§.• gregaria into virgin females stimulated the onset 

of oviposition without mating. Since the short hyaline glands of 

Melanoplus correspond anatomically to the homogenous glands of 

.§_. gregaria, it is possible that the antigen corrmon to the 

secretions of the homogenous glands and to the washings of un-

evacuated spermatophore plays a role in the enhancement of ovi-

position. Substantiation of the r ole of this common antigen 

could be obtained by isolating the factor with gel filteration 

techniques and injecting it into mature virgin females. 

As was the case with S. gregaria, free amino acids, carbo-

hydrates and phospholipids have been found in the ARG secretions 

of other arthropods. The first 6 pairs of ARGs and gland 12 

produce high levels of amino acids in the desert locust. 

Vijayaleksh~i and Adiyodi (1973) proposed that amino acids were 
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"' important in maintaining the osmotic pressure of the semina l fluids 

in Periplaneta. If amino acids perform a similar role in the 

secretions of the desert locust. then glands 1-6 and 12 are likely 

to be their major source. Some amino acids. for instance glycine. 

have a significant buffering capacity and their solutions are 

routinely used for that purpose. The high level of amino acids in 

the ARG secretions of the desert locust could be related to their 

role in buffering the pH of the individual and mixed seminal secre-

tions during spermatophore formation and/or subsequently during 

sperm tansfer. Inf0ct. the solidification of the spermatophore of 

Rhodnius depends on pH changes in the bulbous ejaculatorious. 

Baumann (1974a) showed that glucose was present in the para~ 

genial secretions of Drosophila and that it was an important com-

ponent of the active factor which stimulated egg maturation and 

oyiE~sition. In ~· gregaria only the secretions of glands 12 con-

tained that reducing sugar. Glands 3,4 ,11 and the seminal vesicle 

were important source of carbohydrates such as trehalose and/or 

inositol, sucrose, and glucose. and the5e could provide a 

significant substrate for the metabolic requirements of the sperma-

tozoa during their transfer to the female. Glands 5,6,11 and the 

seminal vesicles a.re important sources of another class of potential 

substrates, namely the phospholipids, The levels of certain phos-

pholipids, including phosphatidylcholine. phosphatidylethanolamine. 
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phosphatidylserine and others were shown to change dramatically 

during the pre and post ejaculatory processes of bovine sperma-

· tozoa (Poulos !!. ~·, 1973). Further research might determine 

whether phospholipids provide an important substrate for the 

the metabolism of S. gregaria spermatozoa during their final stage 

of development • 
.. 

Amcng the enzymes, some of the functions attributed to 

alkaline phosphatase are of special interest. In human skin 

fibroblasts studied in vitro [Waters, 1973), synthesis of collagen --- . 

fibrils was correlated with the activation ofAlPase. In s. 

gregaria this particular enzyme was found in high concentration 

in the secretions of glands 1-6. Ddhiambo (1969b) has described 

the fonnation of fibrous crystalline inclusions in the secretions 

of the first pair of glands of the desert locust. Recently 

secreted materials consisted of electron-dense granular masses 

embedded in a matrix of fine fibrous material. After a period of 

time in the lumen the secretions were transformed into "highly 

crystalline, glycoprotein granules", the growth of which was 

accomplished by the "addition of fibrous components to the edges 

of mature granules and their polymerization soon thereafter." It 

therefore appears possible that the high AlPase levels in the 

secretions of gland 1 (and in glands 2-6 as well) may be associated 

with the elaboration and polymerization of secretory products 
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some of which will form structural components of the spermato

phore. 

Acid phosphatase activity was found in the tissues of the 

spermathecal complex of Musca by Terranova and Leopold (1973). 

These authors suggested that tissue were involved in t he elabo

ration of substances necessary for sperm maintenance and ferti

lization following storage. Although gland homogenates were not 

analysed for AcPase activity in this study, traces of AcPase were 

found in the secretions of glands 1,3,4,5 and 6. It is quite 

likely that more activity would be fou nd in the glandular tissues 

themselves. In that case, the AcPase activity of these glands 

might be associated with the elaboration of necessary seminal 

secretions. 

The results of these investigations provide no definite 

indication of a marked division of labour between the individual 

glands of the ARG complex. While some glands may secrete products 

which are principally used as structural components of the sperma

tophore, others may secrete the accessory components of the 

seminal fluids, and it appears likely that many glands have mixed 

functions. The fibrous nature of their secretions and the high 

levels of AlPase activity suggest that the first 6 pairs of glands 

produce structural proteins. These same glands, however, produce 
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large amounts of free amino ~cids , while glands 4,5 and 6 have 

high levels of phospholipids and glands 3 and 4 were high in carbo

hydrate production. The homogenous glands had an antigen in 

corrmon with the washings of the unevacuated spermatophore and this 

antigen could represent an important component of the accessory 

seminal secretions of S. gregaria. Based on th~se results it is 

clear that histological , biochemical and immunochemical techniques 

might produce more meaningful data on t he functions of i ndividual 

ARGs in the desert locust when combined with surgical and radio

tracer techniques. 

9.3 Inhibi tion of ARG Growth with Specific Antibodies 

The potential use of specific antibodies to investigate 

reproductive processes has been demonstrated in this study. 

When sexually immature males of ~· ~regaria were injected with 

anti-serum during various days of adult development their ARG 

growth was significantly retarded. Inhibition of ARG growth was 

also produced with normal guinea-pig serum in the injection con

trols~ Howev~r. the inhibition of ARG growth produced by the 

·anti-serum was greater t han that produced in tt:ie i njection · con

trols ard the differenc es between the group means were highly 

significant . 



.. 

207 

The normal growth of the ARGs during adult development in 

Schistocerca has been shown to be under the influence of corpus 

allatum hormone (Odhiambo. 1966cl. Odhiambo (1966a, 1966bl 

observed that the most pronounced cytological and histological 

changes occurred in the corpus allatum between the third and fifth 

days of adult development. However, he also reported progressive 

changes in the size of the corpus allatum and in the size of the 

constituent cells which could be correlated with age through the 

first 10 days of adult life. The growth and development of the 

ARGs in ~· gregaria probably consist of several processes which 

extend well past the temporal phase of corpus allatum enlargement. 

The maximum length and width of the ARGs of the male desert locust 

reach 8 by 2 mm. according to the report by Odhiambo (1969a) and 

these values yield a log growth index of 1 . 20. Assuming that the 

linear pattern of increase in the log ARG index would hold during 

growth beyond day 19. an extrapolation of the relationship in 

Figure 29 indicates that the ARGs would reach .the size reported 

by Ddhiambo between the 22nd and 23rd day of development. 

From these known facts it seems probable that early ARG 

growth is under the control of the corpora allata and consists of 

the actual growth and differentiation of the ARG glandular epi

thelia. Subsequent phases of growth might also be under the con

trol of the corpus allatum. but they would principally reflect the 



208 

accumulation of secretory products wi.thin the glandular epithelia 

as well as within the ARG lumina. It is clear that the simple 

linear plot of the log ARG growth index on days of development 

does not reflect the complexity of these growth relationships . 

The mechanisms involved in the inhibition of ARG growth by 

injection of normal sera and ARG anti-sera may be as complex as 

those involved in the control of normal growth . The inhibition of 

ARG growth following the injection of normal guinea-pig serum 

appeared to be associated with reduced feeding en the part of t he 

devel oping adult male. That reduction could have been caused by 

the actual injection process or by some metabolic feedback mecha

nism which had been activated by the elevation of l ocust haemolymph 

protein as a result of the serum injection . A similar mechanism 

could have contributed to the inhibition of ARG growth following 

injection of the anti-serum. The highly significant differences 

fo l lowing injections of normal serum as compared to the injection 

of anti-s erum implies that additiona l mechanisms were involved 

in the inhibition of growth in the latter instance. 

Friedel and Gillet (1976) showed that radio-labe lled ARG 

secrerions were incorporated uncha.nged into developing glands of 

Melanoplus following their injection into the haemolymph . The 

conclus ions of that study were that many components of the ARG 
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secretions were synthesized in the fat body of Melanoplus and 

subsequently transferred to the ARGs via the haemolymph. When 

the anti-sera were injected into developing male 2.· gregaria 

it is probable that they reacted with circulating antigen and 

prevented its transport to and incorporation within the deve

loping ARGs. Prior to the injection of the anti-serum the deve

lopment of ARGs would have been normal and at the end of the in

j ection period (day 10 in all cases) it is possible that the level 

of antigen again rose in the haemolymph, assuming its continued 

production by the fat body, and t hat growth of the ARGs continued 

until the day of assay. It is also possible that the retarted 

growth of the ARGs had been monitored by a feed-back mechanism so 

that the activity of the corpus allatum was maintained at the level 

of activity associated with pre-day-10 growth. In such a case the 

ARGs of the a·nti-serum injected males might have eventually grown 

to normal size and the males would have developed their secondary 

sexual characteristics as well as interest in mating. 

A more permanent form of growth inhibition may also have 

been involved. If the antibodies which were injected into deve

loping males were taken up by the tissues of the ARGs or of the 

fat body (which may be a major source of certain components of 

ARG secretions} then the inhibition of growth might have been 

largely irreversible. Just as Friedel and Gillet (1976) were able 
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to show that radio-labelled secret ions could be incorporated un

changed in the developing ARGs of Melanoplus, so Wigglesworth 

(1943) showed that proteins in the diet of an insect can cross 

the midgut of an insect without appreciable change. Schlein and 

co -workers (1976a) used indirect fluorescent antibody technique 

to substantiate that the gut wall of Sar cophaga does not bar the 

passage of serum immunoglobulins raised to various tissues of that 

fly. These data suggest that antibodies to ARG secretory ahti

gens could easily enter target tissues where their reactions could 

interupt normal growth. Future research on the inhibition of ARG 

growth should focus on the actual sites of antibody reaction in 

order to elucidate the actual mechanisms of inhibition. 

The correlation between inhibition of ARG growth and the 

acquisition of secondary sexual characteristics, principally the 

development of yellow pigmentation in epidermal and paragonadal 

fat body tissues, may be due to primary and secondary interactions 

with injected antibodies. The yellow pigmentation of ~· gregaria 

is due solely to the accumulation and deposition of carotenoids 

(Goodwin , 1952, cited by Rowell, 1971). These compounds could be 

by products of the metabolic processes which onder lie the growth 

and differentiation of t he reproductive system in the male. If 

inhibition of ARG growth were due to the inhibition of these meta

bolic events then retardation of pigment deposition would be a 
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direct consequence of inhibition. On · the other hand if the 

hormonal reactions between the corpus allatum were influenced by 

the inhibition of ARG growth, then the absence of pigmentation 

might indicate that the appearance of this secondary sexual 

character was related to the endocrine state of the male locust. 

Absen,ce of normal pigmentation would then be due to a secondary 

effect related to the males changed endocrine state as a result 

of the inhibition of ARG growth. 

9.4 Use of Specific Antibodies in Future Rese5rch 

Friedel and Gillet (1976) studied the synthetic pathways of 

ARG secretions in ~elanoplus by a combination of radio-tracer 

and immunochemical techniques. They di9 not, however, prepare 

antibodies to individual glands, let alone to the individual anti

gens present in each gland. Our knowledge on the relationships 

between growth and function in the male accessory reproductive 

glands of !· gregaria is based on relatively gross studies 

COdhiambo, 1966c and the results of this investigation). Rates of 

maturation and the timing of functional cycles in individual glands 

are unknown. Although the anti-sera used in this study contained 

few antibodies to ARG antigens, they had a pronounced influence on 

ARG growth. It appears likely that injection of specific antibodies 

to various ARG
0

antigens might have produced a more selective form 
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of inhibition. Following the precipitation of specific antigens 

ta individual glands. combined immunochemical. radio-tracer and 

biochemical techniques could. be used to supplement observations 

based on the surgical removal of individual glands . In fact. the 

inhibitory influences of antibodies to single ARG antigens might 

represent a form of "immunochemical ablation." The use of anti

sera raised against specific antigens might go a long way in 

providing data on the mechanisms of ARG growth and inhibition. on 

the co-ordination of the cycles of secretory synthesis and release 

in individual glands and on the importance of the various gland 

components in the complex process of spermatophore formation and 

accessory seminal fluid secretion. 

The development and application ~f sophisticated immuno

chemical techniques might provide some exciting information on the 

reproductive physiology of~· gregaria and other insects. The 

techniques may also provide a possible alternative to the chemical 

approach to insect control. When Schlein et~· · (1976b) fed 

Stomoxys and Glossina species on rabbits which had been immunized 

ag~inst antigens from the tissues of the flies they obtained a 

high rate of mortality and observed lesions in the fly tissues 

against which t he antibodies had been raised. If antibodies could 

be r aised against one or more of the antigens which play critical 

roles in the m~turation of the reproductive systems, then parasitic 
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arthropods which fed on immunized hosts might be effectively 

sterilized. The potential benefits of this form of parasite con

trol should stimulate f uture research on the immunochemical in

hibition of insect reproductive maturation • 

• 
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