


EFFECT OF AVAILABLE GLUCOSE ON GLYCOGEN SYNTHASE AND 

PHOSPHORYLASE OF THE RAT TAPEWORM, HYMENOLEPIS 

DIMINUTA AND THE MOUSE BILE DUCT TAPEWORM, 

VAMPIROLEPIS MICROSTOMA 

by 

SAMUEL EUGENE WAGES, B.A., M.S. 

A DISSERTATION 

IN 

BIOLOGY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

Accepted 

August, 1988 



5M 
T3 
n^i 
A)..$? 
d cf-^ 

ACKNOWLEDGMENTS 

I dedicate this work to my wife, Debra, and my children, 

Melissa and Wendy. They have been a constant source of 

support and encouragement throughout my graduate studies. 

I also dedicate this work to my parents, Guy and Marge 

Wages, who also supplied the encouragement and support 

that allowed me to complete my goal successfully. 

I am very grateful to my graduate committee which 

consisted of Drs . Larry S. Roberts, John M. Burns, H. 

Bernard Hartman, Charles W. Garner, Maurice Crass and A. 

Scott Holaday, for their assistance in the planning and 

execution of experiments, and in the preparation of this 

manuscript. I especially want to thank Dr. Larry Roberts 

for his support of my academic career and for his friendship. 

I also wish to thank Dr. Manus J. Donahue of The University 

of North Texas, for his advice on the enzyme assays. I also 

extend my thanks to the Department of Biological Sciences of 

Texas Tech University for the training and financial support 

I received . 

11 



CONTENTS 

ACKNOWLEDGMENTS ii 

ABSTRACT v 

TABLES vii 

FIGURES ix 

CHAPTER 

I. INTRODUCTION 1 

Biology of Tapeworms with Emphasis on the 

Hymenolepididae 1 

Glycogen Metabolism 7 

Objectives 18 

II. MATERIALS AND METHODS 21 

Source and Maintenance of Parasites and 

Hosts 21 

Production of Enzyme Preparation 23 

Glycogen Isolation 24 

Assay Procedures 26 

Incubation Procedures 28 

III. RESULTS 30 

Effect of Host Fasting and Refeeding on 
Glycogen Synthase and Phosphorylasse . . . . 30 

Host Bile as a Potential Source of Glucose 
for Vampirolep is microstoma 3 5 

1 1 1 



In Vitro Fasting of Tapeworms in KRT-B . . . . 36 

In Vitro Fasting of Tapeworms in RPMI 1640 . . 38 

Effect of Glucose on Glycogen Synthase and 
Phosphorylase of Fasted Hymenolepls dimlnuta 
During Incubation 41 

Phosphorylase Inhibition by Glucose 43 

Possible Hormonal Control of Glycogen Synthase 

and Phosphorylase 44 

IV. DISCUSSION 61 

REFERENCES CITED , 88 

APPENDIX 98 

IV 



ABSTRACT 

The primary purpose of this study was to correlate the 

available glucose with the activities of glycogen synthase 

and phosphorylase in two species of tapeworms. One species, 

Hymenolepls dimlnuta, is located in the small intestine of a 

rat. The other species, Vampirolepis microstoma, is located 

in the mouse bile duct. Available glucose was altered by 

manipulation of the host diet. The tapeworms were recovered 

from hosts that had been either fed a_d_ lib., starved 24 hr, 

or starved 24 hr then refed for 1 hr immediately prior to 

worm recovery. 

The proportion of glycogen synthase and phosphorylase 

in the active form was directly correlated with available 

glucose. In Ĥ. dimlnuta glycogen synthase was predominately 

in the inactive D̂  form (> 90y6) in both the fed and fasted 

worms. When glucose from the diet was again available to 

fasted worms, D synthase was rapidly converted to the active 

I form (up to 90$). The tissue concentration of glucose 

almost tripled when fasted worms were refed 1 hr. 

Phosphorylase in H. dimlnuta was predominately In the 

active a form (> 80$) in worms from fed and fasted hosts, 

but activity of this enzyme was suppressed In worms from 

refed hosts {%a = 65$). The results obtained with V 



microstoma followed a similar trend, but the changes were 

not nearly as extreme. 

The experiments were repeated in_ vitro, by incubating 

fasted worms in glucose and then measuring glucose uptake 

and the activity of the enzymes. It was discovered that 

Krebs-Ringer-Tris buffer was not an adequate incubation 

medium for incubations lasting for more than a few hours. 

However, RPMI 1640 tissue culture medium was a satisfactory 

incubation medium for long-term (overnight) Incubations. If 

RPMI 1640 was the incubation medium, similar results were 

obtained with Ĥ. dimlnuta and V̂ . microstoma. It is suggested 

that the differences between the two species, in_ vivo, could 

be attributed to V̂. microstoma having access to glucose In 

the host * s bile . 
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CHAPTER I 

INTRODUCTION 

Biology of Tapeworms with Emphasis 
on the Hymenolepididae 

Cestode Life History 

Tapeworms are endoparasltic flatworms (Phylum Platyhel-

mlnthes) of the class Cestoldea. As adults, tapeworms 

normally live in the anterior portion of the small Intestine 

of a vertebrate host. To continue the life cycle, tapeworm 

eggs are passed with the host's feces. (Technically the 

'eggs* are shelled larvae since embryogenesls usually has 

occurred; the larva is termed the oncosphere or hexacanth 

due to the presence of 3 pairs of hooks.) The eggs must be 

ingested by a suitable intermediate host in which the 

tapeworm larva develops in a parenteral site into a metaces-

tode (juvenile) by metamorphosis. When the Infected 

Intermediate host is eaten by the definitive host (a 

vertebrate), the metacestode develops into the adult 

tapeworm. Development occurs in the host's small Intestine 

with no tissue migration. 

The major focus of the present work is concerned with 

the rat tapeworm, Hymenolepls dimlnuta. H_. diminuta is 

cosmopolitan in distribution. It first was described 



by Ruldolphi in 1819 as Taenia diminuta. After being 

given numerous synonyms Hymenolepls diminuta was made the 

type species of the genus Hymenolepls which was created by 

Weinland in 1858 (Burt, 1980). Due to the ease of maintain

ing the worm in the laboratory, Ĥ. diminuta has been used 

as a model for a variety of morphological and physiological 

studies on tapeworms. In addition to the ease of maintain

ing the infection in laboratory animals. Read et al. (1963) 

demonstrated that experimental procedures could be standard

ized to give reproducible results by controlling age, sex, 

and environmental conditions of the host, as well as the 

parasite age and numbers of parasites per host. Later 

experiments (Roberts, 1966; Roberts and Platzer, 1967) 

showed the value of being able to control the host's diet. 

When one is attempting to do reproducible physiological 

experiments the advantage of being able to control these 

factors is obvious. Variables such as diet, age, infection 

size, etc., cannot be known or controlled with parasites 

collected in the field or from slaughter houses. 

The definitive host of Ĥ. diminuta normally is a 

rodent, but other mammals including humans can be infected 

(Burt, 1980). The worms have a pre-patent period (time to 

reach reproductive maturity) ranging from 13 to 21 days, 

depending on the number of worms, host diet, and the 

presence of other parasites (Burt, 1980). The normal adult 

length is about 70 cm. There is no overt pathology in a 



healthy, non-stressed rodent host; therefore, Insler and 

Roberts (1976) suggested that H. diminuta in reality is an 

endocommensal. 

Eggs are passed from the vertebrate host either free 

in the feces or in a detached proglottid. They immediate

ly are capable of infecting an intermediate host with no 

further maturation. A wide variety of suitable intermedi

ate hosts for Ĥ. diminuta exists (Burt, 1980), but certain 

beetles are the most common. The beetle becomes infected 

by ingesting the 'eggs.' For infection to occur it is 

necessary for the mandibles of the beetle to rupture the 

embryonic membranes of the egg to allow emergence of the 

oncosphere (Lethbridge, 1971). The oncosphere then migrates 

to the hemocoel where metamorphosis into the juvenile, 

termed the cysticercoid, occurs (Ubelaker, 1980). The cycle 

continues when the beetle is eaten by the definitive host. 

Ĥ. diminuta grows at an extremely fast rate, and like 

most parasitic worms it has a tremendous biotic poten

tial. In only 15 days Ĥ. diminuta can increase its length 

by up to 3400 times and its weight by up to 1.8 million 

times in the process of producing up to 2200 proglottlds 

(Roberts, 1961). Hager (1941) estimated that the adult Ĥ. 

diminuta produces 1149 larvae per day. In addition, the 

life-span of the adult F[. diminuta can exceed that of the 

rat host. Read (1967b) surgically transferred a single 

adult H. diminuta from one rat to another for a period of 



14 years before the infection was lost due to the unexpected 

death of the then current host. 

The other tapeworm investigated was Vampirolepis mi

crostoma (= Hymenolepls microstoma). Due to the presence 

of hooks on the rostellum, Hymenolepls microstoma, like 

Hymenolepls nana, has been placed in the genus Vampiro

lepis (Schmidt, 1986). V̂ . microstoma develops best when 

a mouse is the definitive host (Litchford, 1963). Unlike 

virtually all other cestodes, the adult migrates up the 

common bile duct so that only the posterior portion of 

the worm remains in the lumen of the small intestine. In 

some infections the worms are flexed so that the stobilae 

have entered the gall bladder, hepatic ducts, or the 

pancreatic duct. Also, unlike Ĥ. diminuta, considerable 

host pathological consequences are associated with an 

infection with V̂. microstoma (Dvorak et al ., 1961; Litch

ford, 1963; Bogitsh, 1966; Pappas, 1976, 1978; and Novak et 

al., 1985). The most obvious pathological change is an 

inflammation of the bile duct, which can be distended to 

twice the size of the duodenum (Figure 1). The enlargement 

of the bile duct is not due primarily to worm bulk since 

the worms are quite small, but probably to a toxic sub

stance produced by the worms (Litchford, 1963)* 

The definitve host of V̂. microstoma becomes infected 

when it ingests an infected beetle. After ingestion the 

following sequence of events occurs (Dvorak et al., 1961). 



The first event, excystment, requires the digestive action of 

pepsin and hydrochloric acid to remove the cysticercoid's 

membranes. The juvenile then is stimulated by bile salts to 

excyst. After excystment the worms (only 0.15 mm in length) 

stay in the upper portion of the small intestine for the 

first 24 hr without a size increase. However, they double 

their length by 48 hr, and double it again by 72 hr. At 96 

hr the worms are up to 2.0 mm in length and they begin to 

establish themselves in the bile duct. Worms not so 

established after 144 hr pass from the host. Eggs are 

produced as early as day 14 post-infection. 

Otherwise, the life cycle of V̂. microstoma is very 

similar to that of Ĥ. diminuta. However, there has not 

been nearly the volume of work published on V̂. microstoma. 

The lack of publications probably is due to the smaller size 

of the adults and the difficulty of removing intact worms 

from their hosts. 

There are comparatively few other tapeworm species 

reported with adults from locations other than the small 

intestine; however, these worms also are in locations 

associated with the intestine. Smyth (1969) described 

these other tapeworms, not located in the small intestine, 

as "exotic species unsuitable for lab.oratory use." These 

include Stilesia, Thysanosoma (from sheep bile ducts), 

Porogynia (guineafowl bile ducts), Atriotaenia (bile ducts 



of Nasua, a coati), Progamotaenia and Hepatotaenia (found in 

the bile ducts, gall bladder, and liver of marsupials). 

Cestode Morphology 

Hymenolepls diminuta and Vampirolepis microstoma 

(order Cyclophyllidea, family Hymenolepididae) are bilater

ally symmetrical and dorsoventrally flattened. At the 

anterior end is a relatively small holdfast organ, the 

scolex. On the scolex are 4 cup-shaped suckers. In 

addition, V̂. microstoma has a circle of hooks or spines 

that are used for attachment (the physical damage due to 

the spines may contribute to the pathology previously 

discussed). Behind the scolex there is a short neck region 

followed by a series of reproductive segments called 

proglottlds; the proglottlds differentiate from cells in the 

neck. Virtually all cell division, except in gametogenesis 

and embryogenesls, occurs in the neck area (Bella and 

Roberts, 1971). Maturation occurs as the proglottlds are 

moved posteriorly by formation of new proglottlds. A mature 

proglottid contains a complete male and female reproductive 

system with a genital pore located laterally. In a mature 

worm the posterior proglottlds contain no functional 

reproductive organs, rather very large numbers of shelled 

larvae are present. 

Adult cestodes have an external covering, consisting 

not of a non-living cuticle, but of living tissue called a 



tegument (Lumsden and Hildreth, 1983). This parasite/host 

interface is very important since it must be able to meet 

a hostile environment containing host digestive enzymes 

and immune factors. In addition, since tapeworms have no 

digestive system, all nutrients must be absorbed across 

the tegument. The outermost layer of tegument is a brush 

border that morphologically resembles the brush border of 

the mammalian intestine (Pappas and Read, 1975). The 

brush border primarily is composed of cylindrical shafts 

with pointed tips of electron dense fibrils or rods of 

keratin (Lumsden and Hildreth, 1983). These structures, 

covered with the outer or free plasma membrane, are called 

microtriches. The microtriches cover the entire surface 

of the worm including the suckers. They increase the 

absorptive surface area as do microvilli in the mammalian 

Intestine. The microtriches also may aid the worm in 

holding its position in the intestine (Smyth, 1969). 

Glycogen Metabolism 

Glycogen Metabolism in Mammals 

Glycogen is utilized as a major form of energy storage 

in animals. It is composed of very long polymers of 

glucose, with a molecular weight in the millions. In 

addition, other monosaccharides, lactic acid, glycerol, 

pyruvic acid, and some deaminated amino acids can be 

converted to glucose and stored as glycogen. The storage 
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of monosaccarides as a high molecular"weight compound, in a 

precipitated form, avoids the alteration of osmotic pressure 

that would occur if free glucose were stored in large 

amounts. 

In mammals most glycogen is stored in liver or muscle 

cells; however, all cells are capable of some glycogen 

storage. When glucose becomes limited, particularly in the 

brain or erythrocytes, glucose is released from glycogen in 

the liver (Hers, 1976). 

The enzymes that catalyze glycogen synthesis and 

degradation are glycogen synthase and phosphorylase, 

respectively. Both enzymes exist in an active form and an 

inactive storage form. The forms are Interconvertible via 

phosphorylation by kinases or dephosphorylation by phospha

tases. The presence of an inactive storage form allows the 

cell to have active enzyme available quickly without enzyme 

synthesis . 

Inactive glycogen synthase is phosphorylated. Tradi

tionally, it has been designated glycogen synthase £, 

because it is active in the presence of an unphysiological-

ly high glucose 6-phosphate concentration (i.e., glucose 

6-phosphate d_ependent). The physiologically active form is 

dephosphorylated and is designated glycogen synthase I_ (G6P 

i_ndependent) . 

Glycogen synthase regulation appears to be more complex 

than phosphorylase regulation due to the presence of 



multiple phosphorylation sites. Mammalian glycogen synthase 

may have as many as seven phosphorylation sites of which up 

to four can be phosphorylated at one time (Roach, 1981). 

Different states of phosphorylation may lead to different 

activity levels that result in a fine control of glycogen 

synthase activity. 

The enzyme that initiates glycogenolysis is phosphor

ylase. This reaction is not simply a reversal of the 

synthesis pathway. Phosphorylase splits a glucose molecule 

off glycogen by phosphorolysis forming glucose 1-phosphate, 

which then can enter glycolysis. Like glycogen synthase, 

phosphorylase exists in both active and inactive states 

that are interconvertible by phosphorylation. However, the 

effect of phosphorylation on the activity of phosphorylase 

is opposite from the effect on glycogen synthase. The 

active, phosphorylated form is phosphorylase a_. The 

inactive storage form is dephosphorylated and is designated 

phosphorylase b̂ . Phosphorylase b_ is active in the presence 

of adenosine monophosphate (AMP). (The half-maximal 

activation of rabbit liver phosphorylase b̂  by AMP was 

reported to be 1 to 1.25 mM by Stalmans and Hers, 1975.) 

Phosphorylase, unlike glycogen synthase, does not have 

multiple phosphorylation sites. 

Monod (1966) demonstrated that certain enzymes are 

not limited to a catalytic function; they also can act 

as regulators of a metabolic pathway by the mechanism 
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described as allosteric regulation. The catalytic activi

ties of these types of enzymes are modulated by noncovalent 

binding of metabolites to a site other than the catalytic 

site. Another type of regulatory enzyme is termed a 

covalently modulated enzyme. Covalently modulated enzymes 

are converted to active and inactive forms by the action of 

other enzymes. Thus glycogen synthase and phosphorylase 

are regulatory enzymes which fit into both classes due to 

the effect of G6P and AMP (allosteric regulation) and to 

the action of kinases and phosphatases (covalent modifica

tion) . 

Hormonal mechanisms of mammals closely regulate the 

homeostatic control of glycogen synthesis and degrada

tion. These mechanisms are capable of keeping blood glucose 

levels in a very narrow range, despite flucuations in 

available glucose that result from normal periods of feeding 

and short-term fasting. A link between regulatory control 

by enzymes and by hormones was established when Sutherland 

and Rail (I960) showed that the hormone epinephrine, 

produced by the adrenal medulla, increased the levels of 

cyclic adenosine monophosphate (cAMP). Through a cascade of 

reactions, cAMP leads to the phosphorylation of glycogen 

synthase and phosphorylase, turning glycogen synthase off 

and phosphorylase on with one signal. Therefore, epine

phrine quickly increases available glucose when the body 

needs a source to metabolize. In mammals, glycogenolysis 
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also is regulated by norepinephrine and glucagon (Ganong, 

1985). 

Gluconeogenesis, the production of glucose from 

non-carbohydrate sources (amino acids and glycerol), is 

promoted by the hormones Cortisol and glucagon (Vander et 

al., 1985). 

Glycogen Metabolism in Cestodes 

Importance of Carbohydrate to Cestodes 

The importance of carbohydrate metabolism to tape

worms was suggested by Read in 1959 when experiments led him 

to state that a carbohydrate source was required by tape

worms. Subsequent studies with Hymenolepls diminuta have 

demonstrated the requirement for carbohydrate beyond doubt 

(e.g., Roberts, 1961; Roberts, 1966). If H. diminuta is 

deprived of carbohydrate, the worms will be stunted in size 

and have reduced proglottid production. This is true even 

if the hosts are given an isocaloric diet that satisfies 

their protein and lipid requirement (Roberts, 1983). 

However, H. diminuta from hosts fed a lipid-free or protein-

free diet do develop properly if the host is furnished 

adequate carbohydrate. 

The form of carbohydrate also is important to H. 

diminuta. Laurie (1957) found that only glucose and to a 

limited extent galactose could be fermented by Ĥ. diminu-

ta. Further studies (Dunkley and Mettrick, 1969; Komuniecki 
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and Roberts, 1977a) showed that galactose could not support 

worm growth, even though Komuniecki and Roberts (1977b) 

reported the presence in Ĥ. diminuta of all the enzymes 

needed to metabolize galactose. However, worms from hosts 

fed insufficient starch diets also display impaired growth 

and development, even if the hosts are fed glucose, 

galactose, sucrose, fructose, or dextrins-maltose (Roberts, 

1966; Roberts and Platzer, 1967; Read and Rothman, 1957a,b). 

This phenonmenon probably is due to the host's ability to 

out-compete the tapeworm for absorption of mono- or 

disaccharides (Roberts, 1983). 

Tapeworms only have access to exogenous glucose when 

the host is feeding; they cannot forage in the usual sense, 

and it is known that food passes through the rat gut quickly 

(Mead and Roberts, 1972). In addition, tapeworms can only 

partially oxidize a glucose molecule. Therefore, the 

ability to store large amounts of glucose without delay 

when it is available is imperative. H_. diminuta accomplish

es this very well, with the primary site of glycogen storage 

being the myocytons (Reissig and Colucci, 1968). The dry 

weight of an adult Ĥ. diminuta can be in excess of 50$ 

glycogen; however, when the worms are deprived of exogenous 

glucose 60$ of the glycogen is consumed in 24 hr, followed 

by another 20$ in the next 24 hr (Fairbairn et al., 1961). 

Lipid content of fasted worms slightly increases, indi

cating lipids are not used as an energy source. When 
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exogenous glucose is again available, the glycogen stores 

are quickly replenished (Fairbairn et al., I96I). 

Glycolysis in Hymenolepls diminuta 

Read (1951) reported the finding of several enzymes 

of glycolysis, and Scheibel and Saz (1966), by the use of 

radiolabel experiments, confirmed that the Embden-Meyerhof 

pathway occurred in Ĥ. diminuta. (For a review of the 

enzymes of glycolysis in H_. diminuta, see Roberts 1983.) 

Subsequently, it was discovered that three fermentation 

acids were formed by the oxidation of glucose: succinate, 

acetate, and lactate, with succinate being the major end-

product (Fairbairn et al., 1961; Scheibel and Saz, 1966; 

Watts and Fairbairn, 1974). However, this long accepted 

idea recently was questioned after the discovery by Ovington 

and Bryant (I98I) that their strain of Ĥ. diminuta (the 

Australian National University strain) excreted little 

or no succinate. Ovington and Bryant (1981) were testing 

the hypothesis that ambient levels of CO regulated the end-

products of energy metabolism. However, this hypothe

sis was rejected and the authors suggested that the end-

products excreted were the result of the parasites' response 

to fluctuating levels of 0 and CO . They concluded that in 

any in vitro study concerning the end-products of parasite 

metabolism the study must clearly state the incubation 

conditions. These conditions include the parasite strain. 
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osmolarity, pH, glucose concentration, worm age, incubation 

time, and the accumulation of end-products. 

Regardless of the final end products, all adult Ĥ . 

diminuta strains excrete end-products of carbohydrate 

metabolism in such a reduced state that approximately 90$ 

of the energy from a molecule of glucose is returned to 

the host. Ĥ. diminuta does not take advantage of aerobic 

energy pathways. Although intestinal parasites do have 

access to oxygen that is approximately equal to that of 

venous blood (Podesta and Mettrick, 1974), H_, diminuta 

does not require oxygen for growth or development (Roberts 

and Mong, 1969). 

Metabolic Regulation of 
Glycogen Synthase 

Dendinger and Roberts (1977b) found that the percent 

of active glycogen synthase decreased if hosts of F[. 

diminuta were fasted 24 hr and rapidly increased when 

the hosts were refed. They hypothesized that the increase 

in the percent active glycogen synthase was due to the 

presence of glucose released from the starch meal. In 

addition, the authors observed similar results when fasted 

worms were incubated in a medium containing glucose. 

Metabolic regulation of glycogen synthase of H. 

diminuta has been studied by Mied and Bueding (1979a). They 

reported a number of allosteric activators and inhibitors 

of the active form acting at three different sites on the 
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enzyme. All of the activators had at least one phosphate 

group; these activators included inorganic phosphate, 

several sugar phosphates, nucleoside mono- and triphos

phates, and some glycolytic intermediates. Tricarboxylic 

acid cycle intermediates, unlike the case in many vertebrate 

synthases, were not activators. However, glycogen synthase 

J. of H_. diminuta was affected by many phosphate esters, 

which are intermediates in glycolysis. Thus, the regulation 

of glycogen metabolism in tapeworms can be correlated with 

the metabolic pathways of energy metabolism present in 

tapeworms. The inactive form of glycogen synthase had only 

one allosteric activation site, the G6P site, which did not 

have as many activators as the G6P site of the active 

enzyme. The authors also reported that Pi is an inhibitor 

of the inactive form of glycogen synthase, in contrast to 

being an activator, as it is in many mammalian synthases. 

They reported that glycogen synthase Î  of Ĥ. diminuta is 

both a K system and a V system. Thus G6P not only increases 

the affinity of glycogen synthase Î  for the substrate UDPG, 

it also increases V 
max 

This is another distinction from the 

isofunctional enzymes of mammals. 

The Role of Serotonin in Regulating 
Glycogen Metabolism in Helminths 

Hormonal control of glycogen metabolism in inverte

brates has not been nearly as extensively studied as that 

of vertebrates; most Investigations of hormonal control in 
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invertebrates have concerned control of development in 

arthropods. However, some papers concerned with para

site hormones have been published. Fasciola hepatica (a 

trematode) incubated with serotonin (5-hydroxytryptamine) 

has elevated phosphorylase activities compared to control 

worms and worms incubated with epinephrine (Mansour, 1967). 

It was hypothesized that serotonin in trematodes has a 

function analogous to that of epinephrine in vertebrates 

(Mansour et al., I960). Mansour (1962, 1967, 1979) further 

showed that serotonin in trematodes did control phosphory

lase activity as epinephrine does in mammals. In another 

trematode. Schistosoma mansoni, Higashi et al. (1973) 

discovered that adenylate cyclase was greatly stimulated by 

fluoride, and to a lesser extent by serotonin, glucagon, 

prostaglandins, and vitamin B . Donahue et al. (198ld) 

demonstrated that segments of the nematode Ascaris suum 

perfused with serotonin had a significant increase in active 

phosphorylase and decrease in active glycogen synthase. The 

change in active states of the enzymes also was correlated 

with an increase in cAMP. Similar effects were not seen 

with a variety of other biogenic amines, including epi

nephrine and acetycholine. Donahue et al. (198ld) hypothe

sized that serotonin was functioning as a regulatory hormone 

of carbohydrate metabolism in Ascaris suum in a manner that 

was analogous to epinephrine in mammals. Mettrick et al. 

(1981) reported that serotonin caused an increase in glucose 
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uptake of Ĥ. diminuta in vitro and an increase in glycogen 

utilization in the absence of glucose. No difference in 

glycogen utilization was seen if glucose was present. 

The occurrence of serotonin in an extremely wide 

variety of tissues in quite diverse animals and plants is 

well known; serotonin occurrence in invertebrates was well 

established by Welsh and Moorhead (I960). They found 

serotonin in the nervous system of numerous primitive 

animals and suggested that it functioned as a neurotrans

mitter and that its ocurrence in vertebrate nervous systems 

reflects vertebrate phylogenetic history. Lee et al. 

(1978) found serotonin present in Ĥ. dlminuta and Ĥ. nana by 

biochemical and histochemical methods. Since they found 

serotonin localized in the same areas as those reported for 

acetylcholinesterase, they suggested that serotonin acts as 

the neurotransmitter opposing acetylcholine. 

In addition to its possible neurotransmitter role, 

serotonin also may play a role in circadian migration of 

H. diminuta in the host small intestine (Mettrick and 

Cho, 1981; Cho and Mettrick, 1982; Mettrick and Podesta, 

1982). However, Cho (1985) suggested that anterior migra

tion was due to an increase of pancreatic secretions of the 

host produced in response to vagal stimulation triggered by 

the presence of food. He did not comment on the possible 

role of serotonin (Cho, 1985). 
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Adenylate cyclase also has been reported from the 

tegument of V. microstoma (Conway-Jones and Rothman, 1978). 

They suggested that there may be hormone receptors on the 

tegument, or that metabolites from the worm or host may bind 

to the tegument and affect enzyme activities that control 

functions such as transport. 

Objectives 

The primary purpose of this study was to investigate 

how available glucose affects glycogen synthase and phosphor, 

ylase in the rat tapeworm, Ĥ. diminuta. Another question 

addressed was the possibility that serotonin controlled the 

activity of glycogen synthase and phosphorylase in tapeworms 

in a way analogous to epinephrine in mammals. In addition, 

some experiments were repeated with the mouse bile duct 

tapeworm, V̂. microstoma, to compare how its carbohydrate 

metabolism might vary from a tapeworm located in the small 

intestine, the typical tapeworm habitat. 

The following hypotheses initially were proposed: 

1) the amount of available glucose would affect the percent 

of glycogen synthase and phosphorylase in the active form 

in the tapeworms studied; specifically, tapeworms deprived 

of glucose would have a high proportion of phosphorylase a_ 

and a low proportion of glycogen synthase I_, and that these 

proportions would reverse when exogenous glucose was again 

available; 2) serotonin (5-hydroxytryptamlne) in tapeworms 
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would physiologically act as epinephrine in mammals, as 

demonstrated in trematodes and nematodes; and 3) and 

that V. microstoma would differ from Ĥ. diminuta in the 

activities of glycogen synthase and phosphorylase under the 

experimental conditions, due to the unusual habitat of the 

former . 

These hypotheses were tested in_ vivo by controlling 

the amount of glucose available to the host and i_n_ vitro 

by incubating the worms with or without glucose. During 

the course of this study other questions arose which were 

addressed: these included; 1) the effect of glucose 

levels on the kinetic activities of phosphorylase; 2) 

the possibility that V̂. microstoma had access to glucose 

from a source other than food ingested by the host; and 

3) that the Krebs-Ringer-Tris buffer, adequate for short-

term incubations, does not contain the necessary ingredi

ents for incubations of tapeworms for more than a few hours 
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Figure. 1. Gross pathological consequences to the bile 
duct associated with a V̂ . micros t oma infection. The 
distended bile duct (arrow) of a mouse infected with 3 
Vampirolepis microstoma. Note the size of the bile duct 
compared to the small intestine. 



CHAPTER II 

MATERIALS AND METHODS 

Source and Maintenance of 
Parasites and Hosts 

The strain of Hymenolepls diminuta used in this study 

has been maintained for over 30 years in the laboratory. It 

originally was isolated by Dr. A. C. Chandler at Rice 

University. Vampirolepis microstoma was kindly provided by 

Dr. David Mettrick, University of Toronto. Tapeworm 

juveniles were maintained in the flour beetle Trlbolium 

confusum. 

Stock, uninfected beetles were kept in glass gallon 

jars layered with approximately 2 inches of oatmeal with a 

small amount of active dry yeast sprinkled on the surface. 

The jars were kept in darkness in an incubator set at 30 C. 

The beetles were transferred to fresh jars every 3 months. 

Prior to infection the beetles were allowed to crawl up 

paper towels to make it easy to transfer them to plastic 

petri dishes, where they were maintained without food. 

After fasting for 3 days, the beetles were allowed to 

feed overnight on the posterior two-thirds of mature 

tapeworms that had been mashed on a piece of filter paper. 

After feeding on tapeworms the beetles were transferred to 

21 
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petri dishes containing oatmeal. The petri dishes then were 

kept on a shelf in the lab at room temperature. To remove 

the cysticercoids, infected beetles were ground in a Sorvall 

OmniMixer for 2-3 seconds. 

Young, female Holtzman rats (Holtzman Laboratories) 

were used as the experimental hosts for Ĥ. diminuta. Rats 

were lightly anesthetized with ether, then given 15 cysticer

coids with a stomach tube. After infection the rats were 

individually housed. Young, female Swiss mice were used as 

the experimental hosts for V̂ . microstoma. Mice were given 5 

cysticercoids per os with a Pasteur pipette. Rats and mice 

were fed Purina Rat Chow ad lib., unless otherwise noted. 

Since the effect of anesthetics on tapeworms is unknown, 

the definitive hosts were killed by cervical dislocation. 

Unless otherwise stated Ĥ. diminuta and V̂. microstoma were 

recovered on day 10 or day 14 post-infection, respectively. 

To recover H. diminuta the host's small Intestine was removed 

and the worms were flushed out with ice-cold 0.85$ saline. 

V. microstoma were carefully dissected from the bile duct 

with the aid of a low power microscope. Worms were rinsed by 

dipping them in dishes of ice-cold saline and kept in cold 

saline until used or frozen in liquid nitrogen. Only intact 

worms were used for incubation studies. 
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Production of Enzyme Preparation 

For assaying glycogen synthase and phosphorylase 

activities, the worms were rinsed in cold saline, gently 

blotted on filter paper (Whatman No. 40, ashless), wrapped 

in aluminum foil and stored in liquid nitrogen until needed. 

The frozen tissue was removed and ground under liquid 

nitrogen with a mortar and pestle that had been stored in a 

freezer. The tissue was weighed and then homogenized in 5 

volumes of cold buffer consisting of 50 mM HEPES (pH 7.4); 

20 mM EDTA; and 20 mM NaF. EDTA prevented conversion of the 

unphosphorylated form to the phosphorylated form by removing 

Mg"*"*" that is required by glycogen synthase kinase and 

phosphorylase kinase. Sodium fluoride prevented dephosphory 

lation of the enzymes by inhibiting glycogen synthase 

phosphatase and phosphorylase phosphatase. Homogenization 

of the worm tissue was performed with a motor-driven teflon 

pestle in a Potter Elvehjem homogenizing tube. The homo-

genate was then centrifuged at 12,000 x g for 12 min at 4 C. 

The supernatant was used as the enzyme source. Enzyme 

assays were done within 2 hr of worm removal from liquid 

nitrogen. 

Donahue et al. (1982a) reported that dialysis of a 

similar preparation from Ascaris lumbricoides or passing 

it through a Sephadex G-25 column to remove low molecular 

weight metabolites did not effect the outcome of their 

experiments with glycogen synthase and phophorylase. In 
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the present study the preparation was treated with charcoal 

(Norit-A) to determine if the removal of small molecular 

weight substances was necessary. Since no differences were 

detected in the charcoal-treated and non-treated prepara

tion, this step was not included. 

Glycogen Isolation 

Primer glycogen used in assays of glycogen synthase 

and phosphorylase was obtained from Hymenolepls diminuta 

by the cold water method of Bueding and Orrell (1964) as 

modified by Roberts et al. (1972). This procedure has 

been shown to extract glycogen in a state more closely 

resembling native glycogen (Orrell and Bueding, 1964). 

Mature Ĥ. diminuta were flushed from the gut with an ice-

cold balanced salt solution (BSS) possessing the follow

ing composition: NaCl, 119 mM; NaHCO , 24 mM; glucose, 

20 mM; KCl, 7.95 mM; CaCl^, 0.82 mM; KH PO^, 0.81 mM; and 

MgCl , 0.040 mM. After the worms were rinsed, blotted 

and weighed, they were homogenized in a Waring blender in 

8 volumes of glycine buffer (0.2 M, pH 10.5; 0.04 M EDTA; 

2-4 C). All subsequent steps were performed at 2-4 C. 

The homogenate was centrifuged at 1000 x g for 10 min, 

and the supernatant and pellet were both saved. The pellet 

was washed with three volumes of glycine buffer and centri

fuged as before. The second supernatant was. combined with 

the first supernatant and the combined supernatants 
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centrifuged from 4-17 hr at 100,000 x g, at 4 C. The 

supernatant was decanted and discarded. The particulate 

fraction was discarded after it was scraped off the glycogen 

layer with a glass rod. Pellets from the different tubes 

were combined and homogenized in enough glycine buffer to 

bring the glycogen concentration to approximately 1$. The 

homogenate was then washed by vigorously shaking it for at 

least 4 hr with one-third volume of water-washed 

CHCl :2-octanol (3:1). (The original procedure called for 

1-octanol, but 2-octanol worked well.) After centrifugation 

for 10 min at 1000 x g, the aqueous phase was carefully 

aspirated, without disturbing the fluffy interphase, from 

the chloroform phase. The aqueous phase was washed at least 

three more times in the CHCl :2-octanol solution for periods 

totalling at least 7 hr. After the last centrifugation a 

few crystals of LlBr were added and the glycogen was precipi

tated with one volume of 100$ ethanol. The precipitate was 

collected by centrifugation at 1000 x g for 10 min, then 

redissolved in a few milliliters of water and precipitated 

again with LlBr and ethanol. After another centrifugation 

under the same conditions, the residue containing the 

glycogen was dried i^ vacuo over anhydrous CaCl at room 

temperature. The glycogen was stored in a refrigerator 

until used. 
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Assay Procedures 

Glycogen Synthase Assay 

Glycogen synthase was assayed by the filter paper 

method of Gilboe et al. (1972) as modified by Donahue et 

al. (198lc). This method is based on the Incorporation of 

1 4 
[ C] glucose into glycogen, precipitating the glycogen 

onto filter paper with ethanol and counting the radioacti

vity with a scintillation counter (Beckman LS 700). The 

assay mixture consisted of 20 mM Tris (pH 7.0), 10$ (w/v) 

glycogen (isolated from Ĥ. diminuta) , and 6.7 mM of 

1 4 
UDP-C C] glucose (0.15 MCi/Mmole). The reaction was 

initiated by the addition of 20 )A1 of the enzyme prepara

tion for a final volume of 0.1 ml. To measure total glycogen 

synthase or glycogen synthase Î, assays were run with or 

without glucose 6-phosphate, respectively. Glycogen synthase 

£ was indirectly determined by subtracting glycogen synthase 

I_ from the total glycogen synthase. Just short of a 20-min 

incubation period (30 C), a 50 ̂ 1 aliquot was removed and 

immediately spotted on a piece of 2 X 2 cm Whatman filter 

paper (No. ET 31). At the 20-min mark the filter paper was 

dropped into a wire basket suspended in a beaker containing 

cold 66$ ethanol (at least 10 ml/paper) and a magnetic stir 

bar. After 20 min the ethanol was changed for a second 

20-min rinse. This was followed by a 5-min wash in acetone 

after which the papers were dried under a stream of air. To 

measure radioactivity, each paper was placed in a vial 
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containing 10 ml of scintillation cocktail. The cocktail was 

prepared by adding 4 g of PPO to 1 liter of scintillation 

grade toluene. One unit of enzyme activity was defined as 

14 
m the incorporation of 1 )imole of [ C] glucose fro 

UDP-glucose into glycogen per min at 30 C. 

Analysis of variance (ANOVA) was used to determine 

differences between groups. Differences were considered 

significant when P < 0.001. 

Phosphoylase Assay 

Phosphorylase was assayed as proposed by Thomas et 

al. (1968), with modifications suggested by Stalmans and 

Hers (1975) and by Nakamura et al. (1984). This assay 

is based on running the phosphorylase reaction in reverse, 

in the direction of glycogen synthesis. The assay mixture 

consisted of 25 mM MES (a-(N-morpholine)-ethanesulfonic 

acid) (pH 6.1), 10$ (w/v) glycogen (isolated from H_. 

1 4 diminuta) , 150 mM NaF, and 25 mM [ C] glucose 1-phosphate 

(0.18 )jCi//|mole) in a final volume of 0.1 ml. To assay 

phosphorylase a, 0.5 mM caffeine was added to the mixture; 

to assay total phosphorylase, 1 mM AMP was added. Phosphory

lase b was indirectly measured by substracting the activity 

of phosphorylase a_ from the total activity. The reaction 

was Initiated by the addition of 20 /jl of the enzyme 

preparation. Just short of a 20-min incubation period, 50 

ul was removed and treated as described for the glycogen 
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synthase assay. One unit of enzyme activity was defined as 

the incorporation of 1 >imole of [̂ Ĉ] glucose from glucose 

1-phosphate into glycogen per min at 30 C. 

Protein Assay 

Total protein in the homogenates was measured with 

the biuret reagent using bovine serum albumin as the standard 

(Gornall et al., 1949). 

Glycogen Assay 

Glycogen was assayed by either the anthrone method 

for total carbohydrate described by Mokrasch (1954) or by 

use of Sigma Diagnostic Kit, Glucose (HK) (procedure N. 

16-UV). Both procedures gave very similiar results. 

Since the anthrone procedure was cheaper and seemed to 

give more consistent results, it was the preferred method. 

Incubation Procedures 

To study the effect of available glucose on Hymenolep

ls diminuta and Vampirolepis microstoma in vitro the worms 

were recovered from the hosts and incubated in a Dubnoff 

shaking incubator (set at 37 C and approximately 90 excur

sions per min) containing an atmosphere of 95$ N and 

5$ CO . Short-term incubations were done in 12 volumes of 

BSS. Overnight incubations were done in 12 volumes of Krebs-

Ringers-Tris buffer with NaHCO and antibiotics (KRT-

blcarbonate, or KRT-B) as described by Insler and Roberts 
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(1980a). KRT-B had the following composition: NaCl, 96 mM; 

KCl, 4.8 mM; CaCl , 2.6 mM; MgSO., 1.2 mM; NaHCO , 25 mM; 

and tris(hydroxymethyl) amino-methane-maleate, pH 7.4. 

Following incubation the worms were wrapped in aluminum foil 

and stored in liquid nitrogen. 



CHAPTER III 

RESULTS 

Effect of Host Fasting and Refeeding on 
Glycogen Synthase and Phosphorylase 

Hymenolepls diminuta 

In the first set of experiments, Ĥ. diminuta was 

recovered from rat hosts that were grouped according to 

their access to food during the 24-hr period prior to 

worm recovery. All hosts were infected with 15 cysti

cercoids. The worms (immature adults) were recovered 10 

days post-infection. The first group of hosts was fed ad 

lib.; the second group was fasted for the final 24-hr 

period prior to worm recovery; and the third group was 

fasted for 24 hr, but then refed ad_ lib. for 1 hr prior to 

removal of the worms. 

The percent of active glycogen synthase and phosphory

lase (I and a_, respectively), and the units of enzyme per 

gram of fresh worm tissue were measured. In addition, the 

carbohydrate and protein composition of the worms were 

measured. The reactions catalyzed by glycogen synthase and 

phosphorylase were linear with time (Figure 2). 

Glycogen synthase I_ from hosts allowed to feed a^ 

lib. was less than 10$ of the total glycogen synthase; 
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therefore, these worms were storing little or no glucose 

(Table 1). However, the high percentage of phosphorylase a_ 

(up to 98$) indicated that the worms were actively degrading 

glycogen• 

The second group of hosts, fasted for 24 hr prior 

to recovery of Ĥ. diminuta, had worms that were noticeably 

smaller in size than the worms fed ad_ lib. (Table 2). 

Glycogen synthase Î  was low (about 8$) and phosphorylase a_ 

was high (about 80$) in Ĥ. diminuta from fasted hosts 

(Table 1). These results were similar to those of worms 

from fed hosts, but the percent of phosphorylase a_ was not 

as great. 

The third group of hosts was treated as the second 

group except that after fasting for 24 hr they were allowed 

to feed ad lib. for 1 hr prior to worm recovery. When the 

fasted hosts were allowed to feed, the availability of food 

to the worms reversed the glycogen synthase Î/D̂  ratio. In 

the first two groups glycogen synthase was approximately 90$ 

inactive; in the refed group it averaged 85$ active. The 

percent of phosphorylase a_ decreased in the refed group, 

compared to the first two groups, but phosphorylase a_ still 

was over 50$ of the total. 

The units of total glycogen synthase (I_ + D) per 

gram of worm tissue in H_. diminuta did not change among 

the three treatment groups; however, the units of glycogen 

synthase I per gram of worm tissue did increase in worms 
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from refed hosts (Table 3). The units of total phosphory

lase (a_ + b_) per gram of worm tissue in Ĥ. diminuta de

creased in worms from fasted hosts and decreased even more 

in worms from refed hosts, as compared to the worms from fed 

hosts (Table 4). 

The amount of carbohydrate in Ĥ. diminuta varied 

according to the availability of food to the host (Table 

5). When the host had ready access to food, the percent 

of worm fresh weight composed of carbohydrate averaged 

4.5$. When the host was denied food for 24 hr the worm 

carbohydrate concentration dropped 10-fold; this value 

increased 3-fold when the host was given access to food 

for just 1 hr. It should be noted that when 9-day-old 

worms are fasted, they not only must use their glycogen 

stores, they also lose a day of growth compared to the 

non-fasted worms of the same age. 

The percent of the worm fresh weight composed of 

protein averaged about 15$ in worms from fed and refed 

hosts; however, in worms from fasted hosts the protein 

composition was approximately 21$ of the worm fresh weight 

(Table 5). 

Vampirolepis microstoma 

Experiments that controlled host access to food also 

were done with the mouse bile duct tapeworm, Vampirolepis 

microstoma. Mice were divided into the same groups as 



33 

previously stated for rats, according to their access 

to food in the 24-hr period prior to worm recovery. However, 

10-day-old V̂ . microstoma were too small for effective 

analysis; therefore, 14-day-old worms were used (the worms 

still were immature adults at this age). 

The percent of active glycogen synthase was low and the 

percent of active phosphorylase was high in V. microstoma 

from mice that had fed ad_ lib. (Table 6). Glycogen synthase 

1_ was approximately 20$ of the total synthase activity and 

phosphorylase a_ from the same worms was approximately 80$ of 

the total phosphorylase activity. 

The percent of glycogen synthase Î  of V̂. microstoma 

from mice fasted for 24 hr prior to worm recovery was 

similiar to that from mice fed ad_ lib. (Table 6). Glycogen 

synthase was about 20$ active in each group. Phosphorylase 

of V. microstoma from refed hosts was mostly active (60$), 

but it averaged about 15$ less active than phosphorylase of 

worms from fed hosts (however, there was a large variation 

in the results obtained for the refed worms). 

Glycogen synthase activity from V̂. microstoma taken 

from hosts fasted then refed for 1 hr only averaged 56$ 

(Table 6). The failure to reverse the Î/D ratio to the 

extent seen in Ĥ. dlminuta seemed to indicate that the 

worms were not taking full • advantage of the glucose made 

available. Phosphorylase from the same worms ranged from 

53 to 74$ active. This is comparable to the range of 
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phosphorylase activity in H. diminuta taken from hosts 

that had been refed. 

As in Ĥ. diminuta the total glycogen synthase units 

per gram from V. microstoma did not vary among the three 

treatment groups (Table 7). There was no apparent increase 

in glycogen synthase ^ units/gram in the refed worms as 

shown for Ĥ. diminuta; however, this may have been due to 

the large standard deviation for this group. 

The total units of phosphorylase per gram of worm 

tissue, as well as the units of active phosphorylase per 

gram of worm tissue, did not differ among the three treat

ment groups of V. microstoma (Table 8). 

The carbohydrate concentration of V̂. microstoma did not 

change according to availability of food to the host, as it 

did in H. diminuta. V̂. microstoma from hosts that had 

constant access to food did have a higher percent of 

carbohydrate than the two experimental groups; however, 

there was no difference in carbohydrate concentration 

between the worms from fasted hosts and those from hosts 

fasted and refed for 1 hr (Table 9). 

The protein content of V. microstoma, unlike that 

of H. diminuta, did not differ among the three groups 

of worms (Table 9). However, it is interesting to note 

that the percent of protein in V̂. microstoma from fed 

hosts was twice the amount of that measured in Ĥ. diminuta 

from the same host group. 
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Host Bile as a Potential Source of Glucose 
for Vampirolepis microstoma 

Comparisons of the above results for Ĥ. diminuta 

and V̂ . microstoma show that while the changes in the 

proportion of active glycogen synthase and phosphorylase 

among the three groups of hosts varied in a similar pattern, 

the extent of the changes was not as extreme in V_. micro

stoma . One possible explanation was that fasting the 

hosts of V̂ . microstoma may have limited the available 

glucose but not completely deprived the worms of a glucose 

source. The worms may have been getting glucose from 

another source, possibly the host's bile. To test this 

hypothesis, bile samples from the gall bladders of uninfect

ed and infected mice were assayed for glucose. This was 

done by pooling bile, from the gall bladders, of eight 

mice. Two such pools of bile were made from both uninfected 

and infected mice. The glucose concentration averaged 1.3 

mg/ml (+ 0.2) and 1.5 mg/ml (+ 0.1) in uninfected and 

infected mice, respectively. Such concentrations would be 

sufficient for significant uptake by the worms. 

To further test the significance of bile as a source 

of glucose for the worms, mice infected with V. microstoma 

were fasted for 24 hr and then injected via the tail vein 

with [̂ Ĉ] glucose. Each of 6 animals was injected with 

1.85 mCi (approximately 3-7 X 10 cpm) containing 2 mg of 

glucose. At 2 and 10 min post-injection 3 hosts were 

killed. As quickly as possible the worms were removed, as 
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well as bile from the gall bladder and a sample of blood. 

The worms, bile and blood were assayed for radioactivity and 

glucose concentration. To measure radioactivity of worms, 

the worms were homogenized in 1$ SDS then boiled for a few 

minutes. This was followed by low speed centrifugation 

(2500 X g, 15 min). The supernatant was resuspended with 1$ 

SDS to obtain a volume of 2 ml which was added to 18 ml of a 

water soluble cocktail ('Safety-Solve', Research Products 

International) . 

One mouse from each time period received an inade

quate injection and had to be discarded. The remaining 

mice from each group constituted too small a sample size 

to definitively determine the amount of radioactivity 

in the bile and blood. However, the tentative data indicate 

that the amount of radioactivity in the blood did not vary 

from 2 to 10 min (cpm = 6,040 + 1080; Table 10). There 

1 4 was an average rate of [ C] glucose uptake by the worms of 

1 4 104 ;ig (+ 23) of [ C] glucose/gm/hr. 

In Vitro Fasting of Tapeworms in KRT-B 

To deprive V̂. microstoma of all glucose, 13-day-old 

worms were removed from their hosts and incubated for 18 

hr in Krebs-Ringer-Tris buffer with bicarbonate and 

antibiotics, but no glucose. Following the incubation 

essentially' no glycogen synthase activity could be 

detected in either the I or the D form. However, the 
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units per gram of phosphorylase a_ were 0.15 and phosphory

lase a_ equaled 96$ of the total phosphorylase activity. 

To determine if glycogen synthase activity could be 

restored, V. microstoma again was incubated without 

glucose for 18 hr and then transferred to KRT-B buffer 

containing 40 mM glucose and incubated for 20, 40, or 60 

min. After 60 min no glycogen synthase activity was 

observed (Table 11). Phosphorylase still was over 

90$ active. In addition, when glucose levels in the 

incubation medium were assayed, it was found that even 

after 60 min no glucose had been taken up by the worms. 

It was considered possible that no glucose could 

be absorbed unless glycogen synthase was present to 

cycle it through glycogen prior to utilization by the 

worm. Since 1 hr might not be sufficient for synthesis 

of new enzyme, the experiment was repeated with longer 

incubation times in the presence of glucose. After 

13-day-old worms were incubated for 18 hr without glucose, 

the worms were incubated for 2, 4, 6, or 8 hr with 40 

mM glucose. However, even after 8 hr no glucose had 

been absorbed by the worms. 

Due to its unusual location (the bile duct) V. 

microstoma may have become adapted for a more consis

tent glucose supply than other tapeworms; therefore, 

like mammalian tissues constantly exposed to glucose, 
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it was supposed that a signal (possibly from the host) 

might be needed before it could take up glucose. 

Before testing the hypothesis that a signal from 

the host was required for glucose uptake by V. microstoma, 

the overnight incubation without glucose was repeated with 

H_. diminuta, i.e., a tapeworm from a typical habitat that 

was known to take up glucose in_ vitro. H. dlminuta were 

recovered on day nine post-infection and incubated in 

KRT-B for 18 hr without glucose. The worms then were 

transferred to KRT-B containing 40 mM glucose and incubat

ed for an additional 1 hr period. The results were simi

lar to those obtained when V̂. microstoma was treated 

in the same manner. The glucose concentration in the 

incubation medium did not drop from an initial concentra

tion of 40 mM. There was no glycogen synthase activity. 

Phosphorylase a_ was 53$ in the active form with a specific 

activity of 0.24 units/gm. 

In Vitro Fasting of Tapeworms in RPMI 1640 

When results similar to those for V_. microstoma 

were obtained with Ĥ. diminuta, it was speculated that 

the results of the long-term incubations for V_. micro

stoma and H_. diminuta may have been due to an inadequate 

incubation medium. It was hypothesized that KRT-B, which 

does not contain amino acids or vitamins, was not adequate 

for maintaining tapeworms in a healthy condition during 

overnight incubations. It is possible that the worms lose 
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their glucose receptors on a regular basis and are not 

able to renew them without an exogenous source of amino 

acids (tapeworms have little capacity to store amino 

acids). Therefore, the experiments were repeated with 

RPMI 1640 as the incubation medium, in place of KRT-B. 

RPMI 1640 contains salts, amino acids, and vitamins. 

Since RPMI without glucose was not commercially avail

able, the medium was prepared in our lab by the receipe 

listed in the Appendix, taken from Moore et al. (1967). 

Nine-day-old Ĥ. diminuta were removed from rats 

fed ad_ lib., incubated 18 hr in RPMI 1640 (65 mg worm 

tissue/ml), in a shaking incubator set at 37 C and 

approximately 100 excursions per min with an atmosphere 

of 95$ N and 5$ CO . Following the l8-hr incubation, 

some groups were immediately frozen in liquid N , and 

the remaining groups were incubated for an additional 

1 hr in fresh RPMI 1640 containing 40 mM glucose (in a 

ratio of 12 ml of incubation medium to 1 gm of worm 

tissue, based on the initial worm weight). Following the 

1-hr incubation the remaining groups also were frozen. 

Assays were performed to determine the percent of active 

glycogen synthase and phosphorylase, the units of active 

enzyme, and the carbohydrate and protein content of the 

worms. The incubation medium that contained glucose was 

assayed for glucose, post-incubation, to determine how 

much glucose, if any, the worms had absorbed. 
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Glycogen synthase Î  averaged 41$ and phosphorylase 

a_ averaged 87$ in Ĥ. diminuta incubated overnight in 

RPMI 1640 without glucose (Table 12). In worms that were 

incubated an additional 1 hr in RPMI 1640 with 40 mM 

glucose, glycogen synthase Î  rose to an average of 58$ 

while phosphorylase a_ dropped to an average of 56$ (Table 

12). The units of active enzyme also varied with the 

availability of glucose. The units of glycogen syn

thase Î  per gram of worm tissue more than doubled when 

worms that had been deprived of glucose were exposed to 

it for 1 hour (Table 13)- The total amount of glycogen 

synthase also varied with glucose availability, rising 

after a 1 hr incubation with glucose (Table 13). The 

reverse of this trend was measured for phosphorylase a_. 

The units of enzyme per gram of worm tissue dropped by 

86$ when worms initially incubated without glucose were 

incubated with glucose, for 1 hr (Table 14). In addi

tion, the total units of phosphorylase fell dramatically 

when gluocse was added to the incubation medium (Table 

14). The percent of carbohydrate in the worm tissue rose 

approximately 3-fold when the worms were transferred to 

40 mM glucose for 1 hr (Table 15). The glucose concentra

tion in the RPMI dropped from 7.9 mg/ml to an average of 

6.6 mg/ml after the 1-hr incubation. 

When the above experiment was repeated with V. 

microstoma similar results were obtained. After overnight 
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incubations in RPMI 1640 without glucose, glycogen 

synthase I more than doubled after an additional 1 hr in 

40 mM glucose (Table 16). The percent of active 

phosphorylase dropped by more than half after the 1 hr 

glucose exposure. The units of glycogen synthase Î  

tripled after the incubation with glucose and the total 

units of glycogen synthase rose after the 1-hr incubation 

with glucose (Table 17). The units of phosphorylase a_ per 

gram of tissue dropped 86$. There was a total drop in 

phosphorylase units of more than half after a 1-hr 

incubation with glucose (Table 18). The carbohydrate 

composition of the worms rose almost 6-fold after the 

incubation with glucose (Table 19). This was consonant 

with the drop of glucose in the incubation medium from 

7.9 mg per ml to 5.1 mg/ml. 

Effect of Glucose on Glycogen Synthase and 
Phosphorylase of Fasted Hymenolepls 

diminuta During Incubation 

In vitro experiments were performed to determine 

if the presence or absence of available glucose produced 

an effect on glycogen synthase and phosphorylase similar 

to that seen in_ vivo. Ten-day-old Ĥ. dlminuta from hosts 

fasted the previous 24 hr were recovered and Incubated for 

up to 80 min in a balanced salt solution containing 20 mM 

glucose. Glycogen synthase Î  Increased in a near-linear 

fashion for up to 60 min until it was approximately 50$ 
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active, after which it decreased (Figure 3). Phosphor

ylase a_ decreased for 60 min until it reached approxi

mately 50$ active, after which it also reversed activity 

(Figure 3). 

It was possible that the percent of active glycogen 

synthase and phosphorylase reversed direction because the 

worms had depleted the glucose from the incubation 

medium. Therefore, the experiment was repeated using 

initial glucose concentrations of 20 and 40 mM. Follow

ing incubation the media were assayed for glucose. In 

experiments where Ĥ. dlminuta were incubated in 20 mM 

glucose, the glucose concentration in the incubation 

medium fell to 11 mM by 60 min and 4 mM by 80 min (Figure 

4). In incubation in 40 mM glucose the concentration of 

glucose in the medium only had fallen to 25 mM by 80 min. 

There was no reversal in enzyme activity at 60 min 

(Figure 5) in worms incubated in 40 mM glucose. There 

was no detectable increase in carbohydrate concentration 

during incubation, probably due to consumption of glucose 

as quickly as it was absorbed. However, this is in 

contrast to the results for H. diminuta in vivo, where 

a significant increase in tapeworm carbohydrate was seen 

following 1 hr of refeeding a fasted host. 

Because galactose only can be utilized to a very 

limited extent as an energy source (Laurie, 1957), this 

experiment was repeated with galactose substituted for 
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glucose in the incubation medium. Fourteen-day-old Ĥ . 

diminuta, fasted for 24 hr, were recovered from their 

hosts and incubated up to 60 min in BSS containing 20 mM 

galactose. For the duration of the incubations glycogen 

synthase Î  remained 8 to 13$ of the total glycogen 

synthase and phosphorylase a_ remained 81 to 87$ of the 

total phosphorylase. 

Phosphorylase Inhibition by Glucose 

Kinetic studies were performed to determine the 

effect of glucose on phosphorylase a_. Phosphorylase acti

vity was assayed using substrate (G1P) concentrations 

ranging from 1.25 to 30 mM. The assay was repeated with 

the addition of either 20 mM glucose or 5 mM uridine 

diphosphate glucose (UDPG, the substrate for glycogen 

synthase). The presence of 20 mM glucose in the assay 

mixture caused an increase in the apparent K from 10.6 mM 
m 

to 14.5 mM, but there was no change in the maximum 

velocity (Table 20). Thus glucose was a competitive 

inhibitor of phosphorylase a_. The presence of 5 mM UDPG 

in the assay mixture increased the K from 10.6 mM to 

26.4 mM without changing the maximum velocity, indicating 

that UDPG also was a competitive inhibitor of phosphory
lase a (Table 20). 
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Possible Hormonal Control of Glycogen 
Synthase and Phosphorylase 

Experiments were performed to test the hypothesis 

that the activities of glycogen synthase and phosphor

ylase were affected by serotonin, as demonstrated in 

other helminths, and not by epinephrine as in mammals. 

In the initial experiment ten-day-old H. diminuta were 

recovered from six hosts that had been fasted 24 hr. The 

worms were pooled into one group which was then randomly 

subdivided into three groups. There was a total of 51 

worms (17 per group). Broken worms were discarded; 

only Intact worms were used. Following a 45-mln incuba

tion in 12 volumes of BSS (without glucose), the worms 

were transferred to flasks of BSS containing either 

1 mM serotonin, 1 mM dibutyryl-cAMP, or BSS only. After 

10 min the worms were removed, blotted, and frozen in 

liquid nitrogen. Subsequent measurement of active 

glycogen synthase and phosphorylase showed no difference 

between any of the groups (Table 21). 

An experiment also was performed to see if serotonin 

could increase the uptake of glucose by Ĥ. diminuta in 

vitro. Worms were recovered from hosts that had been fed 

ad lib. and incubated for 60 min in BSS with 40 mM 

glucose, with or without 1 mM serotonin. After the 

incubation the worms were assayed for the percent of 

active glycogen synthase and phosphorylase, and the 
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incubation mixture was assayed for glucose content. 

There was no difference in the percent of active enzymes 

in the serotonin treated group (Table 22). Neither was 

there a difference in the glucose concentration (measured 

with the anthrone reagent) in the incubation mixture 

of the worms incubated with serotonin and those incubated 

without serotonin. 

As stated, following an l8-hr incubation without 

glucose V̂. microstoma lost all glycogen synthase activi

ty, which apparently was not restorable even after 8 hr 

of incubation with glucose. The possibility was consid

ered that the lack of glucose uptake was due to the neces

sity of a chemical signal; therefore, the following 

experiment was performed to test three substances as 

possible regulators of glucose uptake. V. microstoma was 

incubated overnight (18 hr) in KRT-B without glucose. 

The worms were then transferred to incubation medium 

(12 ml per gram of worm tissue) containing 40 mM glucose 

for 2 hr in the presence of either 1 mM serotonin, insulin 

(100 >iU/ml), or 1 mM epinephrine. Following the final 

incubation the glucose concentrations in the incubation 

media were assayed. As in previous studies of overnight 

incubation in KRT-B no glucose was absorbed by any of the 

groups. As will be discussed, these results probably 

were due to lack of nutrients in the Incubation medium 

and not the result of the treatments. 
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TABLE 1. Effect of host nutritional state on the percent 
of active glycogen synthase and phosphorylase of Ĥ. dlmi
nuta , in vivo. The values represent the percent of the 
enzyme in the active form. 

Host Nutritional State 
Percent Active Enzyme 

Fed 9.0 + 1.6 94.0 + 6.9 

Fasted 8.0 + 1.4 80.0 + 3.5 

Fasted/Refed 85.0 + 6.4 65.0 + 2.1 

Fed rats refers to rats fed ad_ lib. ; fasted rats were 
fasted for 24 hr prior to worm recovery; and refed rats 
were fasted for the final 24 hr then refed ad_ lib. for 
1 hr. Values are means + S.D. for 3 experiments. 

TABLE 2. Effect of host nutritional state on the mass 
of H. diminuta. 

Host Nutritional State Weight/worm (mg) 

Fed 63.0 + 12.0 

Fasted 10.0 + 0 

Fasted/Refed 25.0 + 7.0 

Nutritrional state of the host as defined in Table 1. 
Values are means + S.D. for 3 experiments. 



TABLE 3. Units of glycogen synthase from H. diminuta 
taken from hosts on different feeding regimens. 
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Synthase I_ 

Synthase D̂  

Synthase, 
Total 

Fed 
Units/gram worm fresh wt. 

Fasted Refed 

0.012 + 0 0.009 + 0.001 0.110 + 0.03 

0.109 + 0.02 0.105 + 0.05 0.030 + 0.02 

0.121 + 0.02 0.114 + 0.001 0.140 + 0.02 

14 One unit = incorporation of one ^mole of [ C] glucose 
from UDP-glucose into glycogen/min at 30 C. Results are 
means + S.D. for 3 experiments. 

TABLE 4. Units of phosphorylase from Ĥ. diminuta taken 
from hosts on different feeding regimens. 

Fed 
Units/gram worm fresh wt 

Fasted Refed 

Phos . a_ 

Phos. b_ 

Phos . 
a + b 

0.241 + 0.01 

0.005 

0.246 + 0.01 

0. 120 + 0.03 

0.150 + 0.03 

0.018 + 0.004 

0 . 0 3 0 + 0 . 0 0 4 0 . 0 1 1 + 0 

0 . 0 2 9 + 0 . 0 0 4 

1 4 
One unit = incorporation of one ;jmole of [ C] glucose 
from G1P into glycogen/min at 30 C. Results are means 
+ S.D. for 3 experiments. 



TABLE 5. The carbohydrate and protein composition of H. 
diminuta from hosts with different feeding regimens. 

Host Nutritional State 

Fed 

Fasted 

Fasted/Refed 

Carbohydrate 

4.5 + 0.92 

0.4 + 0.21 

1.4 + 0.29 

Protein 

Nutritional state of the host as defined in Table 1. 
Results are means + S.D. for three experiments. 

TABLE 6. Effect of host nutritional state on the percent 
of active glycogen synthase and phosphorylase of V. 
microstoma, in vivo. * "~ 
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Percent of fresh wt. 

14.8 + 3.05 

21.4 + 0.21 

13.9 + 0.38 

Host Nutritional State 

Fed 

Percent Active Enzyme 

21.0 + 3.6 79.0 + 1.4 

Fasted 19.0 + 3.2 60.0 + 0 

Fasted/Refed 56.0 + 4.2 64.0 + 10.6 

Nutritional state of the host as defined in Table 1. 
Values are means + S.D. for 3 experiments. 
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TABLE 7. Units of glycogen synthase from V. microstoma 
taken from hosts on different feeding regimens. 

Fed 
Units/gram worm fresh wt. 

Fasted Refed 

Synthase I_ 0.021 + 0.004 0.023 + 0.004 0.075 + 0.028 

Synthase D 0.076 + 0.006 0.098 + 0.006 0.057 + 0.013 

Synthase, 
I + D 

0.101 + 0.006 0.121 + 0.006 0.132 + 0.040 

1 4 One unit = incorporation of one ^mole of [ C] glucose 
from UDP-glucose into glycogen/min at 30 C. Results are 
means + S.D. for 3 experiments. 

TABLE 8. Units of phosphorylase from V. microstoma taken 
from hosts on different feeding regimens. 

Phos . a_ 

Phos. b_ 

Phos ., 
a + b 

Units/gram worm fresh wt. 
Fed Fasted Refed 

0 . 0 4 6 + 0 . 0 1 1 

0 . 0 1 2 + 0 . 0 0 1 

0 .033 + 0 . 0 0 1 0 .047 + 0 .025 

0 .022 + 0 . 0 0 1 0 .023 + 0 .002 

0 . 0 5 9 + 0 .013 0 .055 + 0 .003 0 .070 + 0 .027 

14 
One unit = incorporation of one ;*mole of [ C] glucose 
from G1P into glycogen/min/mg protein, at 30 C. Results 
are means + S.D. for 3 experiments. 
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TABLE 9. The carbohydrate and protein composition of V. 
microstoma from hosts on different feeding regimens. ~ 

Host Nutritional State 

Fed 

Fasted 

Percent of fresh wt. 
Carbohydrate 

3.2 + 1.1 

1.9 + 0.6 

Protein 

30.0 + 2.0 

26.0 + 2.1 

Fasted/Refed 1.6 + 0.4 31.0 + 1.4 

Nutritional state of the host as defined in Table 1. 
Values are means + S.D. for 3 experiments. 

1 4 
TABLE 10. [ C] glucose measured in V̂ . microstoma and 
blood of the mouse host, at 2 and 10 min post-injection. 
Due to the small sample size the data are tentative. 

Time (min) Blood (cpm/IO }xl) Worms (jig glucose/gm/hr) 

6804 + 1544 1 1 1 17 

10 5277 + 1464 98 + 34 

Results are means + S.D.; n = 2. 
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TABLE 11. Units per gram and percent of glycogen synthase 
I_ and phosphorylase a_ of V_. microstoma incubated in KRT-B 
without glucose for 18 hr, followed by incubation with 
40 mM glucose for up to 60 min. 

Enzyme Time $ Active Units/gram 

Synthase 

Phosphorylase 

Synthase 

Phosphorylase 

20 

20 

60 

60 

92 

92 

0. 1 17 

* * 

0. 143 

1 4 
One unit = incorporation of one )L|moIe of [ C] glucose 
from UDP-glucose (for synthase) or G1P (for phosphorylase) 
into glycogen/min, at 30 C. 

« « 
Values below range of assay. 

TABLE 12. Percent of active glycogen synthase and 
phosphorylase from H_. diminuta incubated 18 hr in RPMI 
1640 without glucose. Two groups of worms were incubated 
an additional 1 hr in RPMI 1640 with 40 mM glucose. 

Treatment $ I $ a 

(-) glucose 

(+) glucose 

41 + 0.7 

58 + 2.8 

87 + 2.8 

56 + 1.4 

Results are means + S.D.; n = 2. 
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TABLE 13. Units of glycogen synthase from H[. diminuta 
incubated 18 hr in RPMI 1640 without glucose. Two groups 
of worms were incubated an additional 1 hr in RPMI 1640 
with 40 mM glucose. 

Treatment Units of I Total Units 

(-) glucose 0.024 + 0.002 0.060 + 0.003 

(+) glucose 0.055 + 0.007 0.095 0.007 

Results are means + S.D.; n = 2. 

TABLE 14. Units of phosphorylase from Ĥ . dimlnuta Incubated 
18 hr in RPMI 1640 without glucose. Two groups of worms 
were incubated an additional 1 hr in RPMI 1640 with 40 mM 
glucose . 

Treatment Units of a 

(-) glucose 

(+) glucose 

0.104 + 0.003 

0.015 + 0.005 

Total Units 

0.119 + 0.007 

0.027 + 0.004 

Results are means + S.D.; n = 2. 



53 

TABLE 15. Composition of carbohydrate of H. dlminuta 
incubated 18 hr in RPMI 1640 without glucose. Two groups 
were incubated an additional 1 hr in RPMI 1640 with 40 mM 
glucose . 

Treatment $ Carbohydrate 

(-) glucose 

(+) glucose 

0.26 + 0.06 

0.76 + 0.06 

Carbohydrate (mg)/gm 

2.43 + 0.6 

7.62 + 0.6 

Results are means + S.D.; n = 2. 

TABLE 16. Percent of active glycogen synthase and phos
phorylase from V̂. microstoma incubated 18 hr in RPMI 1640 
without glucose. Two groups of worms were incubated an 
additional 1 hr in RPMI 1640 with 40 mM glucose. 

Treatment $ Glycogen Synthase I $ Phosphorylase a 

(-) glucose 

(+) glucose 

31 + 1.4 

7 6 + 2 . 1 

8 6 + 3 . 5 

34 + 4 . 9 

R e s u l t s a r e means + S . D . ; n = 2 . 
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TABLE 17. Units of glycogen synthase from V̂ . microstoma 
incubated 18 hr in RPMI 1640 without glucose. Two groups 
of worms were incubated an additional 1 hr in RPMI 1640 
with 40 mM glucose. 

Treatment Units of I Total Units 

(-) glucose 

(+) glucose 

0.026 

0.080 + 0.008 

0.085 + 0.004 

0. 105 + 0.007 

Results are means + S.D.; n = 2. 

TABLE 18. Units of phosphorylase from V̂ . microstoma 
incubated 18 hr in RPMI 1640 without glucose. Two groups 
of worms were incubated an additional 1 hr in RPMI 1640 
with 40 mM glucose. 

Treatment Units of a Total Units 

(-) glucose 

(+) glucose 

0.170 + 0.001 

0.024 + 0.003 

0.199 + 0.009 

0.072 + 0.001 

Results are means + S.D.; n = 2. 
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TABLE 19. Composition of carbohydrate of V̂. microstoma 
incubated 18 hr in RPMI 1640 without glucose. Two groups 
were incubated an additional 1 hr in RPMI 1640 with 40 mM 
glucose . 

Treatment 

(-) glucose 

(+) glucose 

$ Carbohydrate 

0.13 + 0.02 

0.75 + 0.08 

Carbohydrate (mg)/gm 

1.27 + 0.18 

7.45 + 0.73 

Results are means + S.D.; n = 2. 

TABLE 20. Effect of glucose and uridine diphosphate glucose 
on the apparent K and V of phosphorylase a_. K is given 
in millimoles and V is given in units per milliliter of 
u i. max ° 
homogenate. 

Addition K 
m 

V 
max 

Type 
Inhlbi t ion 

None 10.57 + 0.65 0.054 + 0.002 

Glucose 
(20 mM) 

14.47 + 1.26 0.041 + 0.002 Competive 

UDPG 
(5 mM) 

27.72 + 4.32 0.054 + 0.005 Competive 

Results are the means + S.E. for 3 experiments. 
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TABLE 21. Effect of serotonin or dlbutyryl cyclic AMP on 
the proportion of glycogen synthase and phosphorylase in 
the active form. 

Treatment $ Glycogen Synthase I $ Phosphorylase a 

Control 

Serotonin 
( 1 mM) 

db-cAMP 
(1 mM) 

7 

8 

8 

77 

65 

80 

TABLE 22. Effect of serotonin on the proportion of active 
glycogen synthase and phosphorylase of Ĥ. diminuta incu
bated 60 min in BSS with 40 mM glucose. 

Treatment 

(-) Serotonin 

(+) Serotonin 

$ Glycogen Synthase I $ Phosphorylase a 

5 78 

7 77 
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Figure 2. Linearity of glycogen synthase and phosphory
lase reactions. Glycogen synthase I_ and phosphorylase a_ 
were linear with time for at least 30 min under assay 
conditions . 
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CHAPTER IV 

DISCUSSION 

This study has demonstrated that glucose availabil

ity has a dramatic effect on the activity of glycogen 

synthase and phosphorylase in H. diminuta, in addition to 

effects on the carbohydrate content of the worms. The 

percent of glycogen synthase Î  (the active form of glycogen 

synthase) of Ĥ. diminuta averaged less than 10$ if the hosts 

of Ĥ. diminuta were fed or fasted. This seems logical 

because Ĥ. diminuta from fasted hosts had no exogenous 

glucose to store; therefore, it would not be beneficial to 

maintain glycogen synthase in an active state. Likewise, Ĥ. 

dlminuta from fed hosts had little active glycogen synthase; 

these worms had accumulated sufficient glycogen stores. 

However, it is not known that any tapeworm can become 

•saturated' with glycogen and no longer take up glucose. In 

fact, the experiments performed by Roberts et al. (1972) on 

glucose uptake by H. diminuta were done with unfasted worms. 

The large increase in glycogen synthase Î  when the fasted 

hosts were refed for 1 hr was predicted. The prediction 

was based on the knowledge that Ĥ. dlminuta requires glucose 

and that fasted worms must be able to replenish their 

glycogen stores quickly as soon as exogenous glucose is 

61 
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available, and on the results obtained by previous research

ers (e.g., Dendinger and Roberts, 1977b). 

In addition to the percent of active glycogen synthase, 

the units (per gram of worm tissue) of glycogen synthase I 

were correlated with the access of Ĥ. diminuta to glucose. 

Glycogen synthase Î  units of H_. diminuta increased over 

12-fold when fasted hosts were refed. The units of total 

glycogen synthase (I_ + D) did not differ among the three 

experimental groups. This indicates that glycogen synthase 

probably was not being lost or gained, but only was convert

ed to the active or inactive form, as the nutritional state 

required . 

Almost all of the phosphorylase in worms from fed 

hosts was in the active form. While there was a decrease 

in fasted worms and greater decrease in refed worms, the 

majority of phosphorylase present remained in the active 

form. The high percent of active phosphorylase in fed and 

refed worms was not predicted, since these two groups had 

food in the gut at the time the worms were removed. One 

might expect that these worms would be catabolizing the 

glucose as it is taken in, instead of degrading stored 

glycogen . 

Phosphorylase a_ of worms from fasted hosts was very 

high, yet one would not expect that it would be less than 

phosphorylase a_ of worms from fed hosts since fed worms 

had access to exogenous glucose and should not require 
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high phosphorylase activity. It is possible that worms in 

fasted hosts slow down energy requiring activities such as 

growth until the host is again feeding; therefore, the 

rate of glycogen breakdown would decrease. 

However, the explanation for the high percent of 

active phophorylase may be the decrease in total enzyme in 

fasted hosts. As in glycogen synthase, the units per 

gram of worm tissue of phosphorylase a_ in E_. dimlnuta also 

were affected by glucose availability. In this case, 

however, not only was the specific activity of phosphor

ylase â  changed but also the total amount of phosphorylase 

present was altered. The units of phosphorylase a_ dropped 

by 50$ when the hosts were fasted; however, when the hosts 

were refed the units dropped to less than 10$ of the units 

of the worms from fed hosts. In addition, the total amount 

of phosphorylase units dropped almost 90$ in refed worms. 

Therefore, phosphorylase was not simply converted to an 

Inactive state when the hosts were fasted or fasted then 

fed, but total activity was lost. 

It would be interesting to know how long after refeed

ing it would take for the specific activity of phosphorylase 

to be restored to the original level. Also, it is possible 

that there is some dally fluctuation in the units of 

phosphorylase that could be correlated with feeding patterns 

of the host, while the amount of glycogen synthase may be 

more constant. 



64 

Therefore, while there was a high percent of phosphor

ylase a_, compared to worms from fasted hosts, there was much 

less total enzyme. However, this also follows a pattern one 

would not predict. For example, why would the total amount 

of phosphorylase drop by 50$ when the host is fasting, and 

presumably requiring more of its stored glucose? Has the 

worm shut down some energy-requiring functions? Even more 

diffcult to reconcile is why the worm almost completely 

decreased the amount of phosphorylase when the host is 

refed. As discussed below, the same trend was not seen in 

V̂. microstoma, in vivo. 

It was important to establish that the in_ vivo feeding 

studies reflected the lack of glucose and not some other 

nutrient or unknown host influence, because the feeding 

studies were performed by withholding the host's normal diet 
p 

(Purina Rat Chow ) and not specifically glucose. This would 

validate studies that only could be done in_ vitro, by 

establishing that differences in glycogen synthase and 

phosphorylase levels also are altered by the availability of 

glucose i_n_ vitro . 

Therefore, following the in_ vivo studies with Ĥ. 

diminuta, similar experiments were done i^ vitro to see if 

comparable results would be obtained. When Ĥ. dimlnuta 

were recovered from fasted rats and incubated with 20 mM 

glucose, there was an Increase in the percent of glycogen 

synthase I, along with a decrease in the percent of 
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phosphorylase a_, for 60 min of incubation. After 60 min 

glycogen synthase 1_ began to decrease and phosphorylase a_ 

began to increase. This experiment demonstrated that the 

availability of glucose in_ vitro also would alter the 

percent activity of glycogen synthase and phosphorylase. 

However, the reversal in the percent of enzyme activity 

at 60 min was puzzling. Since it is known that E_. diminuta 

can rapidly absorb glucose, and, therefore, may have depleted 

the medium of glucose, the experiment was rerun with 20 mM 

and 40 mM glucose, and the amount of glucose remaining in the 

incubation media was assayed. When the worms were incubated 

in 20 mM glucose, the glucose levels fell to a level that 

would effect the amount of glucose uptake, by the worms. 

This drop in the level of glucose did not occur in worms 

incubated in an initial glucose concentration of 40 mM; at 

the end of the experiment the glucose levels were higher than 

the initial concentration for the previous group. Also, 

glycogen synthase and phosphorylase from worms incubated in 

40 mM glucose did not have the reversal in activity at 60 

min. These experiments indicate that not only the 

availability of glucose but the concentration of glucose is 

important in controlling activity of glycogen synthase and 

phosphorylase, even in worms that have been deprived of 

glucose for 24 hr. It also emphasizes the importance of 

carefully calculating the glucose requirements for tapeworms 

prior to attempting incubation experiments. 
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The only monosaccharide other than glucose, known 

to be metabolized by H. diminuta yi vitro, is galactose 

(Laurie, 1957; Read, 1959); although it is reported that 

galactose cannot support net glycogen synthesis (Laurie, 

1957; Read, 1967a) nor support worm growth (Komuniecki and 

Roberts, 1977a). When H. dlminuta from fasted hosts were 

incubated for up to 1 hr with galactose, there was no 

effect on the percent of active glycogen synthase or 

phosphorylase. This is further documentation that the 

changes in enzyme activity in this study were due to glucose 

and not some other nutrient. 

The glycogen synthase results obtained in the present 

study of Ĥ. diminuta were similar to those previously 

reported for Ĥ. diminuta. Dendinger and Roberts (1977b) 

found a decrease in active glycogen synthase in 15-day-old 

Ĥ. diminuta from fasted hosts; glycogen synthase increased 

after 1 hr of host feeding. However, while Dendinger and 

Roberts reported a similar percent of active glycogen 

synthase in the fed (12$) and fasted (4$) groups, the 

percent of active enzyme in the worms from the refed hosts 

increased only to 31$ as opposed to 80-89$ active in the 

current study. It is not known if the difference is due to 

the different worm age or some other factor. 

Dendinger and Roberts (1977a) demonstrated that glycogen 

synthase activity of Ĥ. diminuta was not the same along the 

length of the worms, with the highest activity in the 
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pregravid proglottlds in the mid-portion of the stroblla. 

They also reported that glycogen synthase activity increased 

as the worm developed (up to day 15) and that activity was 

higher in worms from crowded infections than in those from 

low density infections. Mied and Bueding (1979b) assayed 

glycogen synthase activity in l4-day-old H. diminuta from 

hosts fed ad_ lib. or from hosts fasted 48 hr. Oddly, they 

reported that glycogen synthase was more than 95$ in the Î  

form regardless of the group assayed. However, they stated 

that glycogen synthase D was converted to the I_ form when 

glycogen depleted worms were incubated with glucose. 

Therefore, the discrepancy may be a misprint; they probably 

intended to say that glycogen synthase was more than 95$ in 

the £ form in worms from either fed or fasted hosts. If this 

is the case, then their results were similar to the results 

in the present study. Mied and Bueding did not investi

gate worms from refed hosts, or phosphorylase activity. 

Very little work has been done with phosphorylase 

from K[. diminuta. Read (1951) first reported that Ĥ. 

diminuta possessed the enzyme, but he did not measure 

its activity or investigate the enzyme under different 

nutritional states of the host. Platzer and Roberts (1970) 

reported that the specific activity of phosphorylase 

decreased in adult Ĥ. dlminuta as the worm matured, probably 

due to maturation of the proglottlds. The specific activity 

of phosphorylase was lower in worms from rats on diets 
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limited or deficient in pyridoxlne. Platzer and Roberts 

(1970) and Roberts and Mong (1973) demonstrated that H. 

diminuta required an exogenous source of vitamin B^ for 
5 

optimum establishment, growth, and reproduction. 

There have been some investigations on the effect 

of available glucose on parasitic worms other than tape

worms. Donahue et al. (198lb) reported that sections 

of Ascaris suum (phylum Nematoda) perfused without glucose 

had glycogen synthase 98$ in the D form. When the worm 

sections were then perfused with 27 mM glucose for 60 min, 

the percent Î  increased to a maximum of 13.1$. When Donahue 

et al. (198lc) maintained living Ascaris suum in a flow-

through perfusion chamber without glucose, 95$ of glycogen 

synthase was in the £ form. The addition of 27 mM glucose 

to the perfusion solution caused an increase in glycogen 

synthase Î  to 22$ after 4 hr. In both of these studies with 

Ascaris, there was an increase in glycogen synthase Î  when 

fasted tissue or whole worms were given glucose. Similar 

results are reported in the present study, except that the 

percent of glycogen synthase Î  from Ĥ. diminuta, and to a 

lesser extent V. microstoma, increased much more. 

The effect of available glucose on phosphorylase 

of Ascaris suum also was investigated by Donahue et al. 

(1981b). They reported that phosphorylase a_ equaled 80$ 

in muscle-cu tide sections of Ascar 1 s perfused without 

glucose. When 27 mM glucose was added to the perfusion 
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solution, phosphorylase a_ dropped to 46$. This value is 

comparable to the level of phosphorylase a_ in H. diminuta 

during the refeeding studies reported here. Donahue et 

al. (1981c) maintained intact adult Ascaris in a perfusion 

chamber without glucose and found that phosphorylase a_ was 

46$. This was virtually unchanged (41$) after 27 mM glucose 

was added. In the present study the effect of incubating 

tapeworms for a short time without glucose, followed by the 

addition of glucose, was not investigated. 

The effect of available glucose on glycogen synthase 

and phosphorylase in the other major group of parasitic 

flatworms (Trematoda) has not been Investigated. It is 

known that glycogen stores are quickly depleted in male 

schistosomes (blood flukes) incubated i_n_ vitro even in 

the presence of glucose (Mercer and Chappell, 1986). 

Also, Cornford et al. (1983) demonstrated that there was a 

significant decrease in glycogen reserves in male schisto

somes in vivo when the hosts were fasted for 48 or 72 hr. 

The decrease in glycogen reserves reported for the male 

schistosomes in vivo was not as great as that seen in H[. 

diminuta in the present study. This is probably due to a 

constant glucose supply from the blood; however, when the 

host is fasted the worms do not have access to short-term 

Increases in glucose normally available in the venules of 

the intestine at the time of host feeding. 
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Nuttall et al. (1983) investigated the effect of 

available glucose on glycogen synthase and phosphorylase 

in rat liver. They determined a time course of activation 

and a dose-response curve in_ vivo. They reported that 

intravenous injection of glucose led to a rapid increase 

in liver glycogen synthase I_ in both fed and 24-hr fasted 

rats; however, the response was faster in fasted rats. 

They suggested that the difference in the time of response 

was due to the inhibition of synthase phosphatase by glycogen 

in the fed animals. Glycogen synthase Î  in fed rats 

increased from about 9$ to a peak of approximately 26$ at 8 

min post-injection. In fasted rats the percent glycogen 

synthase Î  increased from about 18$ to a high of 37$ by 5-mln 

post-injection of glucose. This level of active glycogen 

synthase was not nearly as high as found here in refed Ĥ. 

diminuta. 

Nuttall et al. (1983) found that liver phosphorylase 

a rapidly decreased upon Intravenous injection of glucose 

into either fed or fasted rats, but the drop was small. 

In fed rats, phosphorylase a_ dropped from 20$ to approxi

mately 11$ in 10 min; in fasted rats it dropped from 22$ 

to about 13$ in 1 min and stayed close to that level for 

10 min. The authors suggested that the small drop in 

active phosphorylase, compared to previous i_n_ vitro studies, 

probably was due to tissue hypoxia that occured during the 

Incubation experiments. Hypoxia, they stated, causes a 
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rapid conversion of phosphorylase b̂  to a_, artificially 

elevating the phosphorylase a_. However, as demonstrated in 

the present study, the percent of active enzyme may not give 

a complete picture of the enzyme activity. It also is 

important to know how the quantity (units) of enzyme 

fluctuates under different experimental conditions. As 

noted, the proportion of active phosphorylase in Ĥ. diminuta 

was very high for all of the experimental groups; however, 

the total enzyme changed greatly from group to group. 

Niewoehner et al. (1984) measured the percent of 

active glycogen synthase and phosphorylase in the liver 

after administration of glucose (4g/kg) by gavage to rats 

that had been fasted for 24 hr. Liver glycogen synthase Î  

peaked at almost 30$ after 20 min, from an initial activity 

of approximately 18$. Liver phosphorylase a_ did not change 

significantly, staying • below 20$; these authors suggested 

that this demonstrated that the percent of active phosphory

lase did not control the percent of active glycogen synthase 

(see later discussion). 

There may be some experimental advantages to force-

feeding the rats by gavage. It would allow a known amount 

of glucose to be placed in the stomach. In this study there 

was more variability in the results in the refed group, 

probably due to not being able to control the refeeding 

precisely. The refed group was given access to food for 

1 hr, but observations made it obvious that not all animals 
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began eating at the same time. The least variable result; 

were in the animals from the fasted group, probably because 

there was more control over their feeding. However, the 

trauma to the host of administering food by gavage also 

might affect the physiological responses of the worms. 

A study of liver glycogen synthase Î  and phosphory

lase a_ from normal, diabetic, and insulin-treated diabetic 

rats was done by Van De Werve et al. (1984). Normal mice 

that had been fasted for 48 hr had glycogen synthase and 

phosphorylase 30$ and 50$ active, respectively. The animals 

were then fed for up to 4 hr. After feeding, liver phosphor

ylase initially was inactivated, whereas glycogen synthase 

remained unchanged. At the end of 4 hr, phosphorylase was 

reactivated and glycogen synthase was inactivated. In the 

fasted, diabetic animals there was little glycogen synthase 

or phosphorylase activity (3$ and 30$, respectively). When 

these animals were refed, there was a slight inactivation of 

phosphorylase accompanied by a transient increase in glycogen 

synthase. In the fasted, insulin-treated diabetic rats the 

values were intermediate to the other two groups. 

Van De Werve et al. (1984) also measured the units 

(per gram of liver) of glycogen synthase Î  and phosphory

lase a_. When diabetic rats or insulin-treated diabetic 

rats were fed, following a 48-hr fast, glycogen synthase J_ 

showed a rapid Increase in activity that peaked in 1 hr. 

After 4 hr, activity returned to the previous level. 
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Glycogen synthase I decreased for the 4 hr in control 

rats, even though glycogen accumulated in the liver; however, 

glycogen synthase Î  had a high activity level in control rats 

prior to refeeding. The authors suggested that the failure 

to increase glycogen synthase Î  activity was probably due to 

the high levels of phosphorylase a_, which inhibited synthase 

phosphatase. When rats from the control and insulin-treated 

groups were fed, phosphorylase a_ dropped for the first hr, 

then increased almost to the original activity after 4 hr. 

In the diabetic rats little change in phosphorylase a 

occurred, but the enzyme had very low activity prior to 

refeeding . 

The percent of phosphorylase a_ of Ĥ. dimlnuta from 

refed hosts did not change from that of worms from fed 

hosts to the extent expected. We would not anticipate 

that phosphorylase and synthase would have high activity 

simultaneously for two reasons. First, it would not seem 

energetically economical to have glycogen synthase produce 

glycogen from glucose while at the same time phosphor

ylase was catabolizing it. Second, it has been reported 

that in mammals glycogen synthase activity is controlled by 

phosphorylase activity (Stalmans et al., 1974; Hers, 1976; 

Niewoehner et al., 1984; Van De Werve et al., 1984). 

Specifically, glycogen synthase cannot become active until 

phosphorylase a_ decreases at least to 10$ because phosphor

ylase a_ inhibits synthase phosphatase. However, the absolute 
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requirement of inactivation of phosphorylase prior to 

glycogen synthase activation has been disputed by Ciudad 

et al. (1983) in studies using rat hepatocytes. Again, it 

may be that the total amount of enzyme must be measured to 

determine exactly how enzyme activity is affected by a 

treatment. 

In the present study H. diminuta from fed and fasted 

hosts had glycogen synthase Î  that was very low while 

phosphorylase a_ was high (up to 98$ â  in worms from fed 

hosts and 82$ a_ in worms from fasted hosts). In H. diminuta 

from fasted hosts that were refed 1 hr, glycogen synthase 

was converted to over 80$ glycogen synthase Î; however, 

while phosphorylase a_ decreased, it remained over 55$ of the 

total phosphorylase. This observation suggested that in Ĥ. 

diminuta the activity of glycogen synthase was not con

trolled by the percent of active phosphorylase. The 

functional benefit of having glycogen synthase and phosphory

lase simultaneously active is not known. It is possible 

that glucose must be cycled through glycogen before it can 

be metabolized, since it is known that once glucose is added 

to glycogen it can be redistributed to glycogen of different 

molecular weights prior to being removed for metabolism 

(Roberts et al., 1972). However, the necessity of ti_. 

diminuta cycling absorbed glucose through glycogen prior to 

utilization is a hypothesis that has not been tested, and it 

should be noted that the results reported by Roberts et al. 
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(1972) were from experiments performed on fed worms; fasted 

worms might by-pass normal metabolic routes. 

Glycogen synthase Î  averaged approximately 20$ in 

V. microstoma from fed or fasted mice; however, when the 

hosts were refed, glycogen synthase I_ did not reach even 60$ 

(as compared to almost 90$ in H. diminuta). These values 

followed the same trend as seen in Ĥ. diminuta, but were not 

as extreme at either end. That is, the percent of active 

glycogen synthase from fed or fasted V̂. microstoma was not 

as low as in Ĥ. diminuta, nor was the percent as high in the 

refed group. As in U_. diminuta, the units of glycogen 

synthase Î  from V̂. microstoma were low in worms from fed and 

fasted hosts, and increased in worms from refed hosts; 

however, again, the range of changes was not as much as in 

Ĥ. diminuta. Also, as in Ĥ. dlminuta the total units of 

glycogen synthase did not change among the groups, indicat

ing that the enzyme was not being lost or gained as the 

worm's hosts were being fasted or refed. 

The values for phosphorylase a_ were similar in V. 

microstoma to those reported for H_. diminuta, except that 

the values were 15-20$ lower in the fed and fasted group. 

In fact, due to the wide variation in the refed group 

there was no significant difference in the percent activity 

among any of the groups. Therefore, as in F[. diminuta, the 

percent of active phosphorylase never dropped below 50$. 

Unlike the results obtained for H. dlminuta, however, there 
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was no difference in the units of phosphorylase a_ or total 

phosphorylase activity among the three groups of V. micro-

st£ma_. Therefore, while phosphorylase was lost when the 

host of H. diminuta was fasted or fasted and then fed, this 

did not occur when the hosts of V. microstoma were treated 

in a similar manner. V̂. microstoma maintained a high 

percent of active phosphorylase a_ as well as the same amount 

of enzyme . 

Therefore, the percent of active glycogen synthase 

and phosphorylase from V̂. microstoma also varied depending 

on the host's access to food. However, the changes in the 

percent of active enzyme were not as extreme, suggesting 

that V. microstoma had a lower degree of dependency on 

food ingested by the host than Ĥ. diminuta (for the 24 hr 

of the feeding experiment). In fact, the results obtained 

were closer to what one might predict if glucose were 

limited, but not completely withheld from the host. This 

conclusion was supported by observations on the carbohy

drate concentration in F[. diminuta and V̂. microstoma. The 

percent of carbohydrate was only slightly higher in Ĥ. 

diminuta from fed hosts than V̂. microstoma from fed hosts. 

However, in fasted hosts the carbohydrate content of \[. 

microstoma was more than twice that of Ĥ. dlminuta. The 

carbohydrate content dropped about 90$ in Ĥ. dlminuta 

from fasted hosts, while in V. microstoma it only decreased 

to about 50$. When the hosts were refed for 1 hr, the 
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percent of carbohydrate of H. diminuta increased over 

3-fold; the percent of carbohydrate of V. microstoma was no 

higher in worms from refed hosts than worms from fasted 

hosts . 

These results led to investigations concerning the 

possible influence of the habitat (the bile duct) of V. 

microstoma on its carbohydrate metabolism. Since V. 

microstoma was not affected by the lack of glucose as 

much as H. diminuta, it was hypothesized that the worms 

were getting glucose from a source other than the host's 

food. The most obvious potential source was the host's 

bile. Therefore, the bile was assayed for glucose, and 

quantities of glucose sufficient for the worm to utilize 

were discovered. No one previously has demonstrated an 

advantage that would account for this worm crawling up 

the bile duct and locating there. It appears that the 

benefit could be an additional source of glucose. In 

addition to the glucose in the bile serving as a partial 

explanation for the lower dependency of V̂. microstoma 

than Ĥ. diminuta on food ingested by the host, the addition

al source of glucose also may explain why the percentage of 

active glycogen synthase did not vary as much in V. micro

stoma as in Ĥ. dlminuta. However, the experiments performed 

1 4 by the injection of [ C] glucose into the tail vein of 

infected mice suggested a glucose uptake from the bile of 

only about 100 jug/gram/hr. When this experiment was done 
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with Fasciola hepatica (a liver fluke that can be experiment, 

ally maintained in rats). Coles et al. (1980) measured a 

glucose uptake of 380 f4g/gram/hr. They concluded that there 

was little glucose available to the liver flukes from the 

bile. The authors also measured the glucose content, by gas 

chromatography, of rat bile and reported a value up to 15 

mg/100 ml in rats infected with F. hepatica. That value is 

about a tenth of the value reported for mice in the present 

study. 

The reason for a tapeworm establishing Itself in 

the bile duct has not been experimentally addressed. 

However, Sobotka (1937) reported the presence of glucose 

in the bile, and Sobotka (1937) and Popper and Schaffner 

(1957) reported amino acids in the bile at the same concen

tration as blood. Campbell (I960) established that the bile 

duct tapeworm Thysanosoma contained the same amino acids as 

sheep bile. Thus tapeworms in the bile duct probably get 

some nutrients from the bile, although it would seem curious 

that few tapeworms take advantage of such circumstances. In 

addition, the work of Goodchild (1958, I960, 1961a,b) 

suggested that even tapeworms found in the intestine, with 

adequate food available, require some essential factor(s) 

from bile for proper health. Goodchild (1958, I960) removed 

27-day-old Ĥ. diminuta from hosts in which the bile was 

diverted to the cecum for the previous 7 days. These worms 

were shorter and weighed less than 27-day-old worms from 
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hosts fasted for 7 days. Total carbohydrate and glucose 

(Goodchild, 196la) and protein (Goodchild, 196lb) likewise 

were reduced to an amount similiar to that of worms fasted 7 

days. In addition, Goodchild (I960) reported that the 

egg output was reduced, as was infectlvity of eggs for 

beetles. However, we are hesitant to rely on the work of 

Goodchild as it has been the experience of this lab that 

H_. diminuta from hosts fasted as long as 7 days would be 

either lost or completely destrobilated. Furthermore, 

the procedure used by Goodchild to relocate bile secre

tion was physiologically traumatic and may have affected 

the host's ability to absorb lipids, as well as numerous 

unknown physiological influences. Any factor that affects 

the host's feeding habits probably will have some degree of 

physiological effect on the worms. Smyth (1969) refutes the 

necessity of bile for the growth of Ĥ. diminuta since it can 

be cultured without it. However, as pointed out by Roberts 

(1980) the growth of H. diminuta in vitro is not 'normal'; 

therefore, the requirement for bile cannot be completely 

ruled out. 

This study has demonstrated the potential advantage 

of an additional source of glucose when the host is fasting, 

but the amount of available glucose may or may not be 

significant. Perhaps if the host were fasted to the point 

that the worm destrobilated a very small amount of glucose 

would be sufficient for worm survlal. As to why more 
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tapeworms, such as H. dlminuta, do not take advantage of the 

glucose in the bile (if it is significant) may be due to the 

evolution of the worm in different hosts or simply taking 

advantage of other situations and survival strategies. For 

example, rats, the usual host of H. diminuta, do not possess 

a gall bladder, and the values for glucose in the bile 

reported for rats in the literature (Coles et al., 1980) are 

lower than those reported for mice in the present study. 

Also, V̂. microstoma has had to sacrifice size, and thus a 

loss of biotic potential, to live in a mouse bile duct. V̂. 

microstoma also is confronted with a much stronger host 

immune response, which may be responsible for it having a 

shorter life span than F[. diminuta. 

The finding that V̂. microstoma Incubated i^ vitro for 

18 hr without glucose could not then absorb glucose, was 

unexpected. The results did not seem to be due to unhealthy 

worms resulting from the incubation procedure. Phosphory

lase activity was very high, and incubations in KRT-B have 

been done with Ĥ. diminuta for 12-13 hr in the past with no 

report of adverse effects (Insler and Roberts, 1980a,b). It 

also was odd that the carbohydrate content decreased no 

further in V. microstoma denied glucose in_ vitro than it did 

in vivo. After observing that V. microstoma lacked glycogen 

synthase activity under these circumstances, it was hypothe

sized that the worms required time to synthesize new glycogen 

synthase. However, after Incubations of up to 8 hr with 
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glucose following 18 hr of incubation without glucose, 

there still was no glycogen synthase activity or glucose 

absorbed . 

Mammalian tissues constantly exposed to glucose require 

a stimulus for glucose uptake, even if the cells are starved 

for glucose. Parasitic worms such as Ascaris suum and H. 

diminuta, which only have access to nutrients when the host 

feeds, take up glucose in_ vitro without the necessity of a 

chemical signal (e.g., Donahue et al., 198lb,c; Surgan and 

Roberts, 1976). It was possible that V. microstoma might be 

adapted to a more consistent supply of glucose than other 

tapeworms, and, therefore, might require a signal, possibly 

from the host, for glucose uptake. 

Since there were many candidates that might act as 

a hormonal signal, the 18-hr incubations without glucose 

were repeated with Ĥ. diminuta to see if a 'typical' tapeworm 

gave results similar to those obtained with V̂. microstoma. 

After being incubated without glucose for 18 hr, Ĥ. diminuta, 

like V. microstoma, did not take up glucose. Thus the worms 

had suffered some change during the l8-hr incubation compared 

to the 1-2 hr incubation, that impaired their ability to 

consume glucose. 

One possible lesion could have been loss of glucose 

receptors on the tegument with no source of amino acids 

for their resynthesis. Therefore, -the overnight incuba

tion experiment with both H. dlminuta and V. microstoma 
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was repeated with RPMI 1640 cell culture medium (without 

glucose) substituted for the buffered salt solution. 

Both species of tapeworms had glycogen synthase present 

after the incubation period, and both species absorbed 

glucose when it was made available. The percent of active 

enzyme and the units of enzyme also were affected by glucose 

availability. 

The results obtained using RPMI 1640 as the incuba

tion medium demonstrate that KRT-B is not an adequate 

incubation medium for long-term incubations of tapeworms. 

In addition, these results are a further indication that 

V̂. microstoma possibly obtains some glucose from a source 

other than directly from food ingested by the host. In 

the in_ vivo feeding experiments the changes in the percent 

of active glycogen synthase and phosphorylase between the 

groups were not as extreme in V̂. microstoma. However, when 

V̂. microstoma were deprived of glucose in_ vitro (ensuring 

that all exogenous glucose sources were eliminated) in a 

medium adequate for the worm's health, the results were much 

more similar to those obtained for Ĥ. diminuta. In fact, 

the results for the percent active glycogen synthase and 

phosphorylase were more extreme for V̂. microstoma than for 

H. diminuta. The increase in the percent of carbohydrate in 

the V. microstoma also Increased by a greater Increment than 

in Ĥ. diminuta; in vivo there was no increase in the percent 

of carbohydrate when fasted V. microstoma were refed. 
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To determine how the presence of glucose affected 

the apparent Michaelis constant (K ) and maximum velocity 
m "' 

^^max^ °^ phosphorylase, phosphorylase a_ was assayed with 

increasing concentrations of the substrate (G1P) in the 

presence of 20 mM glucose. The increase in the K with no m 

change in V indicated that glucose was a competitive 
ul aX 

inhibitor of phosphorylase a_. Stalmans et al. (1974) 

reported an increase in the K of purified phosphorylase 

from dog liver from 0.43 without glucose to 1.93 in the 

presence of 28 mM glucose. The authors stated that the 

effect of glucose was to decrease the affinity of phosphor

ylase a_ for glucose 1-phosphate and increase cooperativity 
without affecting V 

max 
Stalmans et al. (1974) also reported 

that glucose stimulated the conversion of liver phosphorylase 

â  to b_ by several-fold. Glucose is reported to have similar 

effects on muscle phosphorylase a_; however, since there is no 

free glucose in mammalian muscle it probably is not of real 

physiological Importance. When the experiment was repeated 

in the presence of 5 mM UDPG (the substrate for glycogen 

synthase) there was even more of an increase in the K with 

no change in the maximum velocity, demonstrating that UDPG is 

a strong competitive inhibitor of phosphorylase. The 

inhibition of phosphorylase when UDPG is high could prevent 

phosphorylase from being active when glucose is available for 

storage, and, therefore, glycogen synthase would likely be 

mos t act ive . 
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Another hypothesis tested was that serotonin in 

tapeworms would act as epinephrine does in mammals; that is, 

an increase in serotonin would increase cAMP levels, which 

would lead to the activation of phosphorylase and inactiva

tion of glycogen synthase. It also was hypothesized that 

serotonin would increase glucose absorption. 

Based on experiments described in Chapter I, under 

the section on hormonal control of glycogen metabolism in 

parasitic worms, the hypothesis was tested that glycogen 

synthase and phosphorylase activities in H. diminuta were 

controlled by serotonin through cAMP levels. Ĥ. dimlnuta 

was incubated in media containing serotonin, or dlbutryrl-

cAMP. No effects on glycogen synthase or phosphorylase 

activities, or on glucose uptake, were observed after any 

of these treatments. Also, no effects were observed when 

V. microstoma was incubated overnight in KRT-B without 

glucose, followed by incubation with serotonin, insulin, 

or epinephrine. The reasons for the lack of effects can 

only be speculated upon. The hypothesis (that serotonin 

may have physiological effects on tapeworm carbohydrate 

metabolism) should not be rejected yet, because the lack 

of effect observed here may be due to experimental design 

(possibly the incubation medium). 

The lack of effect on glucose uptake by serotonin 

is in contrast to the results obtained by Mettrick et al. 

(1981). Mettrick et al. (1981) reported that after a 
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60-min incubation, the group with 1 mM serotonin had absorbed 

about 15 jig of glucose (per gram of worm) more than the 

controls. They used the hexokinase/G6PDH reaction to 

measure glucose, but the anthrone assay should have detected 

a difference of this magnitude. This discrepancy remains 

unexplained . 

The experimental design for testing the effects of 

hormones on metabolism may be easier to accomplish in 

helminths other than tapeworms. For example, Fasciola has 

a mouth and gut, and it may be easier for any chemicals in 

the incubation medium to get inside the worm. Likewise, 

Ascaris has a mouth and gut; in addition, nematodes have a 

tube-like body structure, so that large nematodes like 

Ascaris can be cut into sections and perfused, further 

ensuring that the substance to be tested comes into contact 

with structures where it might have an effect. On the other 

hand, tapeworms have no mouth or gut, and their body plan 

does not allow perfusion studies. Therefore, the negative 

results may stem from the inability to get serotonin inside 

the worms. It also is possible that some other substance, 

not present in the incubation media, has a synergistic 

effect. It may be that culture techniques for tapeworm 

cells will have to be developed before this hypothesis can 

be tested properly. 

As pointed out by Smyth (1969), it can be particu-

lary challenging for a parasitologist to reconcile the 
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in_ vitro and in_ vivo results of biochemical studies. As with 

in_ vitro studies of tissue from any organism, many physiolo

gical variables must be controlled; these include pH and the 

partial pressures of oxygen and carbon dioxide. Also, 

compartmentalization that occurs in the worm may be destroy

ed when the worm is homogenized, bringing enzymes, sub

strates, and test substances into contact that may not occur 

i" vivo. In addition to problems associated with all in 

vitro studies, when the parasite is separated from the host 

important physiological interactions may be lost (for 

example, the sharing of Krebs cycle intermediates). 

In summary, the following are the major conclusions 

which emerged from this study: 1) in Ĥ. diminuta the 

proportion of glycogen synthase and phosphorylase in the 

active forms and sometimes the total enzyme present, are 

strongly affected by the presence of glucose in̂  vivo and 

in vitro; 2) the changes in the enzymes due to glucose 

availability are more extreme in F[. dlminuta than in V̂. 

microstoma, in vivo, but were more comparable jji_ vitro 

when an adequate incubation medium was used; 3) V̂. micro-

stoma has some access to glucose in the host's bile, but the 

amount may or may not be significant; 4) the carbohydrate 

composition of H. diminuta can be correlated with exogenous 

glucose available i_n̂  vivo and iji_ vitro; however, the 

carbohydrate compostion of V. microst oma can only be 

correlated with exogenous glucose available in vitro (using 
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RPMI 1640 as the incubation medium); 5) it is important to 

measure the total amount of glycogen synthase or phosphory

lase, as well as the percent in the active form when 

evaluating the effect of treatments on enzyme activity; 6) 

KRT-B is not an adequate medium for tapeworms in incubation 

studies of duration longer than a few hours; 7) RPMI 1640 

appears to work quite well for Ĥ. diminuta and V_. microstoma 

as an incubation medium for incubations of more than a few 

hours; 8) glucose and UDPG are competitive inhibitors of 

phosphorylase from Ĥ. diminuta; and 9) serotonin in the 

incubation medium has little if any effect on glucose uptake 

or on the percent of active glycogen synthase and phosphory

lase in vitro. 
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APPENDIX: COMPOSITION OF RPMI 1640 

TISSUE CULTURE MEDIUM 

Composition of RPMI 1640 Tissue Culture Mediu 

INORGANIC SALTS 

Ca(N0^)2.4H20 

KCl 

MgS0^.7H20 

NaCl 

NaHCO^ 

Na2HP0^.7H20 

m 

mg/1 

100.00 

400.00 

100.00 

6000.00 

2000.00 

1512.00 

OTHER COMPONENTS: 

Glutathione (reduced) 

Phenol Red 

1.00 

5.00 

AMINO ACIDS: 

L-Arginine (free base) 

L-Asparagine 

L-Aspartic acid 

L-Cystine 

L-Glutamic acid 

L-Glutamine 

Glycine 

L-Histidine (free base) 

200.00 

50.00 

20.00 

50.00 

20.00 

300.00 

10.00 

15.00 
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Amino Acids (cont) 

L-Hydroxyproline 

L-Isoleucine (alio free) 

L-Leucine (methionine free) 

L-Lysine HCL 

L-Methionine 

L-Phenylalanine 

L-Proline (hydroxyline 
L-proline free) 

L-Serine 

L - T h r e o n i n e ( a l i o f r e e ) 

L-Tryptophan 

L-Tyrosine 

L-Valine 

mg/ml 

20.00 

50.00 

50.00 

40.00 

15.00 

15.00 

20.00 

30.00 

20.00 

5.00 

20.00 

20.00 

VITAMINS: 

Blot in 

D-Ca pantothenate 

Choline chloride 

Folic acid 

i-Inositol 

Nicotinamide 

Para-aminobenzoic acid 

Pyridoxlne HCl 

Riboflavin 

Thiamine HCl 

Vitamine B^^ 

0.20 

0.25 

3.00 

1.00 

35.00 

1 .00 

1 .00 

1 .00 

0.20 

1 .00 

0.005 




