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PROTEOLYTIC ACTIVITY IN ADULT HAEMONCHUS CONTORTUS
ABSTRACT ,

Proteolytic activity of theJQ.qOOxgsupernate of 
homegenates ef adult Haemonchus contortus has been 
studied with respect to substrates susceptible to its 
proteolytic activity, and the effects of factors such as 
temperature, pH, substrate concentration, extract concen­
tration, dibasic metal ions, detergents, heat and some 
specific inhibitors of proteolytic activity.

The supernate had two pH optima, 5.6 with haemoglobii 
as substrate, and 7.8 using L-alanyl - p-nitroanilide.
It showed optimum activity at 36°C, was heat labile and 
in general was not significantly affected by the presence 
of metal ions in the hydrolysis of haemoglobin and L-alanyl 
p-nitroanilide. In screening for substrates susceptible 
to its hydrolytic action the most suitable were found to 
be those p-nitroanilides and jp-naphthylamides which have a 
single amino acid group (small R-group), unprotected at 
the free functional group end.

The kinetic studies indicated that haemoglobin was 
more rfeadily hydrolysed than the p-nitroanilides and 
p-naphthylamides.



C H A P T E R  O N E

INTRODUCTION AND LITERATURE REVIEW 
The sheep stomach wormt Ha.eaioB.chuB heritortus. is a 

member of the nematode family trichostrongylidae. The adult 
worm is recognizable by a finely drawn out head with a well 
developed bursa without a large buccal capsule, (l)

Haemonchosis is an important disease of sheep* goats 
and cattle. The disease exerts its greater economic effect 
in sheep in temperate and tropical countries especially where 
there is a good summer rainfall* While it is not uncommon 
for serious outbreaks to occur in colder climates such as 
those of the Northern United States and Canada when humdity 
is high in summer,the disease is rare in arid regions. (2)
1.2 Economic Importance of Haemonchosis

Haemonchosis of ruminants has always been considered of 
major economic importance throughout the world history of 
livestock production. The great fecundity of Haemonchus. 
greater than the fecundity of other trichostrongylid 
nematodes f and the continued use of pastures for the production 
of the world* s supply of meat and fibres ensures the continued 
prevalence of the parasite (3). In Ghana, livestock

4 .. ■ ■ ‘'.tproduction assumes an added importance because of the 
inadequate protein in the diet of the majority of the 
inhabitants. The 1939 report of the Committee on Nutrition 
for the Colonial Empire reported as a result of a survey 
in Ghana that "the diet is deficient in those foodstuffs which



previde fat, g««d protein, vitamins and mineral matter........
the protein content la generally lew" (4). Teday the 
situation has net significantly altered; if anything, it 
has worsened. Dae te the presence ef tsetsafly ever large 
areas ef the country and the cerrespending incidence ef 
trypanosomiasis, livestock preductien has been limited 
mainly te the relatively fly free areas in the northern 
regien ef the ceuntry. As te the diseases that affect 
livesteck preductien, Jackson's 1965 assessment ef haomonchus 
as ene ef the three most important parasites ef ruminants (5) 
has net changed.
1,3 Life Cycle and Epidemiology

Studies on the life cycle ef the nematode (1,6-9) 
have shewn that haemenchns centortns has two larval stages 
present in an obligate free living existence. Bggs passed 
in the faeces hatch into the first larval stage which 
feeds actively, grows, moults and enters the second 
larval stage in which the feeding and growth continue.
At the end ef the second larval stage its free life is ever, 
and from then on it is sustained on nutrient stored within 
its cells nntil it enters a host and starts parasitic life. 
This development from egg te infective larva occurs in a 
period ef two weeks or less.

The infective larvae are ingested with the vegetation
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»bh in the intestines bury themselves between the villi
in the glwads fer a brief period until the third raeult 

is completed. The third stage larvae then acquire 
provisional mouth capsules with which they adhere to the 
mucosa and then moult fer the fourth and last time with the 
acquisition of definitive mouth and reproductive organs.
The adult worm lives in the abemassum of the definitive host. 
The males are 10-20mm long, and the females 18-30mm long.
White uteri and ovaries wound around the bleed filled 
intestines give them the twisted appearance (6).
1,k Pathegonosi s

Haemenchosis is, for the most part, a primary 
parasitosis* predisposing causes fer infestation including 
overcrowding, lush pastures and hot humid climatic conditions. 
Development of clinical illness is however, favoured by a fall 
in the plane ef nutrition. Though the importance of diet as 
a predisposing cause is debatable, there is good evidence 
that a ration very lew (less than 3?0 in protein makes rtunina&ts 
much mere susceptible to heavy infestation than a normal 
diet; the worms become established mere readily and persist 
fer longer periods (2).

The attachment ef the parasite has a number ef effects 
on the host. Firstly, the membrane is deprived ef the 
living epthollnm and shows defects in the superficial 

layers of the propria mucosa. The physical damage favours
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the entrance of bacteria and the absorption of toxins (8,9)• 
Besides these primary effects the presence of the helminths 
resalts in a reduction in the uptake and digestibility of 
food (10) the utilisation of digested energy and a reduction 
in calcium deposition in the host animal (11)• The villi 
are damaged leading to a reduced absorption of amino acids, 
fats and minerals. Sykes and Coop (ll) have suggested that 
reduction in Nitrogen digestibility due to abomassal parasitism 
could result not only from reduced digestion of exogenous 
protein but also from increased endogenous losses into the 
alimentary tract, such as leakage of serum proteins, 
digestive secretions or cell sloughings. The reduction 
in protein digestion, they further suggested, could also 
result from the loss of differentiation and function of 
acid secreting parietal cells and pepsinogen secreting ehief 
eells. Hyperglobuliaaemia and hypoalbumeaaemia associated 
with subclinical helminth infection results (l2)_. Heavy 
infections are also characterised by a high pH and low 
pepsin concentrations in the abomassum suggesting that 
gastric function is significantly reduced in heavy infection (13)• 

The parasites* persistence in the host animal to cause 
these destructive effects is made possible by its possession 
of a number of protective mechanisms against expulsion from



or destruction by the host. Protection from the host 
digestive enzymes such as trypsin is explained by the fact 
that those enzymes are specific to proteins different in 
structure from that constituting the sheath encasing the 
parasite (l4). Besides this* ttaemonchus contortus is thought 
to produce resistance stimulating antigens during the moulting 
of the infective stage (15).
1.5 Clinical Findings

Since the late 1950's Increased emphasis has been 
placed on the study of the physiological and biochemical 
changes which occur in animals and man during the course of 
nematode infection. Some of this attention has been directed 
at the mechanism of the anaemias which develop in lambs 
infested by the members of the family Trlchostrongvlidae.

Fourie {16) in 1931 and Andrews (17) in 19^2 showed 
that when members of the genus Haemonchus are the predominant 
parasites, the anaemia produced is of a haemorrhagic nature 
in which blood losses of up to 140ml per day have been 
estimated (l8y19). Whitlock (20) has suggested that the 
peripheral blood picture may be quite varied depending on 
whether the disease is complicated by a deficiency of iron 
or some other nutrient essential for the haemopoietic system. 
Shalm (21) demonstrated indications of decreased erythrepoiesis 
and Baker and Douglas (22) noted a reduced survival time of



red bleed cells within the vascular system. Baker and 
coworkers (19) associated serum iron binding and serum 
iron binding capacity with the anaemia caused by tfaomPM<?fouS 
and shewed that iron deficiency is the most important sign 
of haemonchosis. This phenomenon, it was suggested, was 
due either to interference with intestinal absorption or 
to the blood sucking propensity of the worm. Examination 
of blood and abomassal contents by Ross and Todd (12) showed 
that heavy Infection resulted in serum albumin levels 
falling, a situation which was reversed by heavy 
concentrate indoor feeding. The packed cell volume (PCV) 
estimations supported the view that hemoconcentration is 
associated with a fall in the albumin level in early 
infection and haemodilution occurs as albumfn level 
rises after treatment. Downey (23) has shewn that theu^i 
there is no growth response to cobalt administration, 
liver cobalt levels of non supplemented lambs were in the 
range associated with cobalt deficiency. Ihe cobalt 
deficient animals were found to be less susceptible to 
the effects of infestation with Haemonchus contortus.
Similar studies have been conducted to determine the 
relationship between various levels of other metal ions 
and infection by Haemonchus contortus (19, 2k),

- 6 -
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t.6. Disease Control

The use of anthelmintics has been the most widespread 
method of combating gastrointestinal parasitism. Control 
methods have been thus largely dependent upon periodic 
treatment of animals, with the net result that animals are 
often allowed to remain untreated due to the logistics 
or the economics of the individual situations, or both (3)* 
Where chemicals are routinely used in a parasitic control 
programme, the livestock owner is often unaware that 
continuous administration of a drug has the property of 
screening for resistant strains within the species under 
attack (25),

In recent years, increasing emphasis has been placed 
on studies into control ef infestation by management procedure 
(26 - 30). There has been little agreement din the results 
of these studies especially because of the multiplicity 
of factors that affect infection and host responses. One 
useful result, however, has been the production of Bioclima- 
tographs for different geographic; areas for the estimation 
of possible levels of infestation at different times of 
the year (2).

1.7 Immunological Flndlngt

It was not till Stoll (7) and then Miller, (31) 
reported their work that the concept of immunologic



resistance against met&zoal parasites was recognised* The 
report by Stoll that sheep became resistant to infection 
with toaMaehns established the sheep-haemonchus system 
as a satisfactory model for the study of immunity against 
gastrointestinal nematodes. Haemonchus is fortunately a 
prolific egg producer* yielding large numbers of infective 
larvae essential for the production of antigens (32).

An experimental investigation of the nature and 
mechanism of the "self-cure phenomenon” in helminthiasis 
in sheep showed that as a result of the self-cure there was 
no release of heterologous antibodies into the blood stream 
of hosts (33). Further( the study showed that the administration 
of anti—histamine drugs prevented the fall in the egg count 
characteristic of the self-curet but did not affect the 
subsequent rise in titre of the specific or homologous 
antibody. (Christie (34) has suggested that abrupt changes 
in the abomassal pH were partly responsible for the self-cure)

The introduction of a vaccine against helminths was 
first made by Jarrett and coworkers (35) iu studies in 
which infective larvae of cattle lung worm (dictvocaulus 
viviparous) attenuated by ionising radiation were given 
orally to calves. Irradiated vaccines were also made with 
Haemonchus contortus and Trichostrongvlus colubriformis (36)



Subsequent studies used naturally attenuated larvae (36).
Scott his ©©workers (32) showed that resistance of young 
rapidly growing lambs against initial inoculations of 
haemonchus larvae depended on the capacity of the haeraopoietlc 
system to compensate for blood loss t and on the ability of 
the immune mechanisms of the hosts to reduce the severity 
of the infection. Wilson and Samson (37) have also shown 
that immunity to haemonchus was increased by the use of a 
longer immunizing period and by the use of multiple 
immunizing inoculations. Their studies also showed that a 
slight immunity may have been produced by subcutaneous 
inoculations of exsheathed larvae, but that no immunity 
was produced by intraperitoneal or intravenous inoculations. 
These studies into the immune reactions of host to helminth 
infection are considered important in the light of a 
continued need for the development of purified and stable 
antigen capable of being standardized and injected in 
controlled dosages.
1.8 Proteolytic Enzymes

4

The proteases are enzymes which are capable of 
hydrolysing the peptide bonds of simple peptides or proteins. 
The study of these enzymes has always maintained a prominent 
place in enzymology partly because of their usefulness in 
classifying problems in protein structure. Advances in the

- 9 -
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knowledge of the proteases have contributed immensely to 
the knowledge of the understanding of many phases of the 
chemistry of proteins. In parallel with these developments 
the proteases, like other enzymes, have been studied with 
a view to gaining insights into their mode of action. The 
preteases have thus yielded a great deal of information 
concerning specificity, largely because of the availability 
ok excellent methods for the synthesis of peptides and 
peptide derivatives developed first by Emil Fisher and 
collaborators (38) and then by Max Bergmann and his 
coworkers (39)•
1.9 Proteolytic Activity In Parasites

In much the same way that the study of the proteins 
of protozoan parasites, their structure, synthesis activity 
and function is very much in its infancy (bO), the 
information on helminthic proteins is scanty. This is, 
however, not because the enzymology of helminthic parasites 
is not important. It is a result of the difficulty in 
obtaining helminthic material for study, a problem 
accentuated by the complexity and number of developmental 
stages of these parasites. Besides the important uses of 
the information derived from studies of proteolytic enzymes 
mentioned above, the study of proteases of parasitic 
protozoa and helminths has additional uses. Whenever 
chemotherapy has been applied, the targets attacked have 
usually been important metabolic pathways like energy
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production membrane function, cofactor, nucleic acid, 
protein and cell wall synthesis (4-0), all involving enzyme 
activity of one form or another. The effect of the drug 
may thus be due to its inhibition of one or more of these 
pathways. Besides this, it has been suggested that 
protective immunity against nematode infection is an 
enzyme—antienzyme mechanism in which the enzymes used by 
the parasite for invasion and nutrition serve as antigens, 
and anti-bodies formed against them in the host inhibit 
their activity and create an unfavourable environment for 
the parasite (4J)«

Proteases can be discharged by parasites into the 
environment either to initiate extracoporeal digestion in 
the ease of those with alimentary canals, or to assist 
during penetration into and migration through the host, 
functions which are frequently difficult to distinguish 
between (42). Tissue penetrating protozoa and helminths 
thus often contain enzymes active against the acellular 
components of the dermal connective tissues. There is 
histochemical evidence that some intestinal nematodes 
produce lessions in the host by extracoporeal digestion 
of the latter's Intestinal mucosa (8).

Antienzymes, including enzymes inhibiting the 
digestive enzymes of the host have been shown in nematodes 
and cestodes (43 - 45). De Waele (46) has shown that
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intestinal nematodes and cestodes withstand trypsin, 
digestion in vitro for as long as they are alive and 
intact, bat are digested when dead or when the cuticle 
is damaged. Ascaria has been shown to possess at least 
one trypsin inhibitor and up to three chymotrypsin 
inhibitors. According to Rhodes and coworkers (4?), 
these inhibitors are low molecular weight proteins.

Various species of parasites utilize protein to 
a different degree for energy production. It is not 
known definitely whether, or to what extent endoparasitic 
stages of helminths utilize protein as energy source.
Whilst the nature of the nitrogenous 4$ad products could 
be indicative of some such use, the evidence is not 
conclusive since the products in question could be derived 
from various other processes, e.g. syntheses and 
intereonversions (48).

1.10 Classification of Proteolytic Enzymes

On the basis of the manner in which proteases 
hydrolyse proteins and peptides, they have been classified 
as endopeptidases (proteinazes) or exopeptidases (peptidases) 
(3^). Exopeptidases also known as peptidyl hydrolases cleave 
consecutive carboxyl (COOH) or amino (NH^ or NH-) terminal 
amino acids from the end of the chain. They can thus be 
classified further into aminopeptidases and carboxy peptidases.



These enzymes usually require only two points of attachment 
on the substrate for their activity, the sensitive peptide 
bond, and a free or COOH group. A third group of
exopeptidases is composed of peptidases which attack: dipoptides 
and tripeptides, the dipeptidases (49 — 51) and tripeptidases 
(52 - 55) respectively. These require three points of 
attachment, a sensitive peptide bond (or bonds), and both 
terminal amino acids.

The endo-peptidases hydrolyse internal peptide 
bonds. This is because the specificity sites will not 
accept substrates with free amino or carboxyl termini, 
unlike those of the exopeptidases which require one or both 
of these.

One concept for the classification of proteases, 
found no longer practicable, was based on the specificity 
towards synthetic substrates. This impracticability 
stems from the fact that not only do these enzymes show 
preference for certain amino acids in the bonds to be 
hydrolysed but they also exhibit some predilection for 
the type of bond.

Hartley (56) put forward the idea of classifying 
proteinases on the basis of catalytic mechanism rather 
than origin, substrate specificity or physiological

- 13 -
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function. On this basis, Hartley grouped these enzymes 
into 'acid', 'metal*, thiol and serine proteinases.
Barret (57) has since suggested modifications to this 
classification, giving the terms serine, cysteine, 
aspartic and metallic proteinases, considered as being 
more informative and accurate in description. The 
classification of proteinases into these groups has been 
facilitated by the recognition of various groups of 
specific inhibitors of proteolytic activity of the 
different groups of proteinases, e.g. diisopropyl-fluoro- 
phosphate as a specific inhibitor of serine proteinase 
activity (57).
1.11 Proteases of Helminthic Parasites

What information is available on the proteases of 
helminthic parasites reflects the diversity in the 
nature and form of these enzymes of parasites. True 
digestive trypsin-like enzymes have been found in the 
intestinal tract of Cordvlobia. (58) Gastrophilus larvae (59* 
60) Ascari* lumbricoides, Strongvlus edentatus (61) and 
Lendvnemia appendiculata (62). Pepsin-like enzymes have 
not yet been found in the intestines of any parasites.
Poly-and dipeptidases occur in some of them, sometimes in 
the form of multiple enzymes in the intestines of 
larval gastrophilus (60). Rhodes and coworkers (63) have
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purified and characterised an intestinal amino peptidase 
of Ascarls- Leucine amino-peptidase shown, by Lee (64) 
to occur in the intestines, the anterior part of the 
excretory canals and the hypodermis of adult Ascarl3, has 
been detected in Porrocaecum decioiens £65)/ ^
Tricho strongylus colubriformis (66,67) end Haemonchus 
contortus» Xts role in the latter as an exsheatbment 
agent has been controversial. (68 - 70).

Besides the problem of availability of these 
helminth parasites for study, there is often encountered 
the problem of a suitable range of substrates for their 
study. Haemoglobin, because of the apparent dependence 
of Haemonchus contortus on the host blood, is a natural 
substrate for the study of its proteases.
1.12 Subject of Dissertation

This work has been designed to screen a number 
of available proteolytic substrates to determine their 
suitability for farther studies on the nature and types 
of proteases present in the adult worm. Kinetic studies 
as well as the relationship between enzyme activity and 
various experimental conditions were also determined to 
facilitate future and more detailed studies of these 
proteases. 'Those parameters studied include the effect 
of heat on enzyme integrity, the effect of hydrogen ion
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concentration and the nature of the buffering ion, the 
effect of a amber of divalent ions and specific 
proteolytic inhibitors.

The effect of heat on enzyme integrity may be 
reversible te a point. It generally involves a denaturing 
of the protein unit, and thus depending on the extent 
of denaturing the protein molecule may revert to its 
original structure and functional ability once the 
degradative force has been removed. Different proteins 
have characteristic limitations on the extent to which 
they can revert to their original state. With respect 
to temperature effects, this phenomenon leads to the 
characterization of proteins (hence enzymes) as being 
heat labile or otherwise. Heat lability studies thus 
give an additional parameter for the characterization 
of the enzyme protein.

Enzymes as proteins have the ability to exist 
in different states of ionization. The enzymatic 
activity is, however, associated with a particular 
state (or states) of ionization. This functional state 
of ionization may be confined to the active site of the 
enzymes. Thus changes in the state of ionization of the 
active site may result in different levels of significance
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of enzymatic activity. This parameter is thus important 
in their characterization into acid, neutral and basic 
enzygies corresponding to the pH ranges vithin which 
they exhibit optimum activity. The effect of different 
buffering ions may be due to the manner in which these 
combine with the substrate or enzyme ion. Phosphate 
ions for example are known to form metal salts which 
are not completely dissociated (71)* Thus in a situation 
where the metal ion is involved one way or the other 
in the enzymatic reaction, its removal by the phosphate 
ion could lead to an inhibition or activation of the 
enzyme. The effect of the buffering ion could 
also be purely one of steric hindrance of the enzyme- 
substrata binding, (71).

There is no absolute specificity in metal ion 
activ&tion; in all investigated cases more them one 
metal ion has pronounced effect on the catalytic 
activity of the protein. Malmstrong and Rosenburg (71) 
have suggested that there are distinct differences in 
the efficiency with which different metal ions act as 
activator for a given enzyme. They further suggested 
that meaningful conclusions can be drawn on these metal



ion effects only when these studies are conducted on 
relatively pure enzyme preparations using sensitive 
assay methods and varying concentrations of the metal 
ions. Indirect evidence of the participation of metal 
ions in the reaction mechanisms of aminopeptidases 
comes from the work of Smith (72) who concluded that 
almost all the exopeptidases were dependent for their 
activity on metal ions. The factors involved in metal 
ion activation include the effect of the metal ion on 
the stability of the enzyme complex (71)» stereochemical 
factors basically restricted to the size and charge of 
the metal ions (73) and the electronic properties of 
the activating metal ions (74). A wealth of information 
can thus be derived from detailed studies on the metal 
ion effects on enzymatic activity. In the particular 
ease of Haemonchus contortus. a number of metal ions 
have been shown to be implicated one way or the other 
in the aetiology of the disease, making them of special 
interest in enzymological studies.



2.1 Adult Haemonchus Contortus Collection and Preparation;
The contents of the abomassum of sheep and goats 

slaughtered and skinned at the Accra slaughterhouse,
Jamestown, were squeezed out and transported to the laboratory. 
Using a snail mesh seive, the gat content was washed under 
running tap water to remove the fine particles and leave 
a clear wash. The debris containing the worms was transferred 
into a petri dish of water. The worms* recognizable by 
structure, pink-coloration and vigorous movement, were picked 
out and placed in a second petri dish containing physiological 
saline. The worms were kept frozen in physiological saline 
until required. Homogenates of 20mg worms/ml concentration 
ware prepared in physiological saline using a teflon peitle 
tissue homogenizer. The horaogenate was then centrifuged in 
the cold at 3O,0OQ}&pfor 30 minutes using an MSE MB' centrifuge. 
The supematent containing the 'enzyme' was kept frozen 
until required.
2.2a Assay For Enzyme Activity
2*2.0 (a) Proteolytic activity using Haemoglobin as

substrate t

The method used is based on the measurement of the 
colour formed with Folin-Lowry reagent (75) by the tyrosine 
equivalent released in the enzymatic breakdown of denatured 
haemoglobin (76).



- 20-

2.2i1 Preparation of Haemoglobin Snbstrate:
The haemoglobin substrate was prepared as

described by Wirnt Rick (76) in the procedure attributed
to Anson (77). Haemoglobin powder (2.00gm) was suspended
in about 50ml of distilled water in a beaker and 36gms of
urea and 8ml of 1.0M NaOH added. The mixture was stirred
with a magnetic stirrer for an hour at room temperature
within which time period the haemoglobin would be denatured.
Ten ml of 6.2$ boric acid solution made 0.3$ with respect
to NaCl was then added, and after further stirring 4.4ml
of 5tf> Calcium chloride added. The substrate pH was adjusted
to 7.5 using 0.5M HCJL and the solution diluted to a total
volume of 100ml with distilled water. It was then filtered
through Whatman No.4 filter paper to remove any debris.

othe solution was kept in a refrigerator at 5 C until 
required, each solution thus prepared being used within a week.

2.2.2 Method of Assay

The reaction mixtures used were of T.Oml aliquots 
incubated at 36°C except where otherwise stated. The 
substrate was buffered to the desired pH such as to 
give substrate and buffer concentrations of 1$ and 0.05M 
respectively. Except where otherwise stated 0.1ml of



haemoochus contortus 30,000)$£ soluble fraction containing 
0.1 - 0.2mg of protein iras added to 0.9ml of buffered substrate 
equilibrated to the incubation temperature and thoroughly 
mixed vith a mechanical shaker. At the end of the incubation' 
period 2.0ml of 5$ Trichloroacetic acid (TCA) was added 
to stop the reaction by precipitating substrate and enzyme 
protein. The TCA also acted as a medium for the tyrosine 
equivalents released as a result of the enzymatic 
breakdown of the. haemoglobin. After thoroughly mixing, 
the mixture was left to stand for half an hour at room 
temperature, and then filtered through a Whatman No. k 
filter paper. All enzymatic reactions were done in 
dupliaate. Controls in which the TCA was added to the 
substrate at the end of the incubation period, before the 
enzyme was added were also ran in duplicate.
2*2*3 Colour Reaction:

The method used is that developed by Lowry, yt al 
(75) as modified by Tach and Newburger {78). The tyrosine 
equivalent produced enzymatically was estimated from a tyrosine 
standard curve.
2,»2*.4 Effect of Triton X-100 On Homogenate

Aliquots of 0.10ml of the crude homogenate of 
Haemonchus contortus were treated with different concentrations 
of Triton X-100 detergent for one hour. Proteolytic 
activity and protein concentration were determined for each 
treatment.

The time effect of the detergent was determined by



treating 0# 1 ml aliquots of the homogenate with 0.20^ Triton 
X—100 and incubating for various time intervals. The proteolytic 
activity protein concentrations were subsequently determined 
for each treatment.

The above tests were also performed on the 50,000%% 
supernatant.
2.2.5 Effect Of pH Of Reaction Medium On Proteolytic Activity

Aliquots of stock 2$ Haemoglobin substrate vere placed 
in boiling tubes and buffered to various pHs such as to give 
substrate and buffer concentrations of 1$ and 0.05M respectively* 
using distilled water where necessary to achieve the concentration 
requirement. The buffered substrates were used in the enzyme 
assays as described above.
2• 2 „.6 Time Course Of Proteolytic Activity

The assay system described above was used* at optimum 
temperature and pH leaving the different reaction mixtures 
to run for different reaction times.
2,2*7 Effect Of Temperature On Proteolytic Activity

The enzyme assays were conducted at different temperatures
2.238 Effect Of Enzyme Concentration On Proteolytic Activity 

Reaction mixtures were prepared consisting of 
varying amounts of enzyme protein in a total volume of 0.5ml 
and 0.5ml of 1$ buffered substrate* and tyrosine equivalents 
measured as described.
2*9 Effect of Substrate Concentration On Enzyme Activity 

Varying concentrations of buffered haemoglobin 
substrate (concentration determined gravimetrically and by 
the cyan-methaemoglbbin method(79)j were used with 0.1ml of 
enzyme sample. ; Oitrate-Phosphate buffer (0.05M, pH 5,6) was



used as diluent. Tyrosine equivalents were determined as 
described.
2*2 <*.10 Effect Of Different Buffers On Proteolytic Activity 

The different buffers considered were used for the 
proteolytic activity determination.
2.2,!11 Effect Of Metal Ions On Proteolytic Activity

Aliquots of 0.1ml of the extract were placed in 
labelled test tubes and appropriate volumes of the stock 
metal ion solutions added so that in a final volume of 0.20mlr
the metal ion concentration was 1.0mM. The mixtures were left 
to stand at room temperature for 20 min. after which 0.80ml 
of haemoglobin substrate buffered to pH 5*6 and equilibrated ' 
to the reaction temperature was added. A control consisting 
of 0.10ml of the extract, 0.10ml distilled water and 0.80ml 
haemoglobin substrate was prepared.
2«2«;12 Tyrosine Standard Curve

A 1.OmM solution of L(-) Tyrosine prepared by 
dissolving 18.12mg of tyrosine in 2.0ml of 0.2M HC1 and 
making up to 100ml was used to prepare a tyrosine standard 
curve using the Folin-Lowry colour reaction. Hie resultant 
curve was used to estimate the tyrosine equivalent produced 
in the assays.
2.2,13 Bovine Serum Albumin (BSA) Standard Curve:

This curve was used to estimate the amount of
■ £

protein in various preparations of the Haemonchus contortus 
extract used in the enzymatic reactions. A stock 
solution of BSA vas prepared by dissolving I.OOgm of 
BSA in sufficient 0.9$ saline *o give 100.00ml of solution.
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Prom the stock solution various dilutions wore prepared for 
the Folin-Lowry reaction and a standard curve obtained.
2*2 £-14 Estimation Of Haemonchus fiontortus Extract Protein 

For each preparation of the extract, the protein 
was estimated using: 0.10ml volumes extract in duplicate 
in the Folin-Lowry reaction. The amount of protein present 
was estimated from the BSA standard curve.
2.3.0 Proteolytic Activity Using Amino Acid p-Kitroanilides 

As Substrate:
The method used is based on the estimation at 405nm 

(80) of p-nitroaniline released from the enzymatic breakdown 
of amino-acid p-nitroanilides. The p-nitroanilides used 
were dissolved in 1$ formdimethylamide. In the assays 
the reaction mixture of total volume 4.0ml, was buffered
to a final buffer concentration of 0.05M, made up as follows:

&2.0ml 0.1M citrate"phosphate buffery 1.0ml of 1.OmM substrate 
solutions except where otherwise stated, 0.9ml distilled water 
and 0.1ml of H*«nnnnniiTi« contortus extract. Controls were rfetn 
in which the substrate-buffer component was incubated, and the 
enzyme'added ^ ly before absorbance reading was taken.
All tests and controls were run in duplicate. The 
p—nitroaniline produced in the enzymatic reaction was 
estimated from a standard curve of p-nitroaniline, after 
the reaction had gone on for 30 minutes or as otherwise stated.

H 7-S,
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2.3.1 Of Amino Acid p-Nitroanilides For
Suitability As Substrate For Proteolytic Activity

One (l.O)mM solutions were used as substrates for 
enzymatic activity. Reaction rates with different substrates 
were estimated from a standard curve.
2.3.2 Effect Of pH On Proteolytic Activity 

Citrate-phosphate (0.10M) buffers in the pH range
3-8 were prepared and used in the reaction mixtures, using
L-alanyl p—nitroanilide as substrate in all tests. The
p-nitroanilide produced was estimated from a standard curve.
2»3.3 Time Course Of Enzyme Activity

The time course of the proteolytic activity of the
sample was determined using L-alanyl p-nitroanilide as
substrate in a reaction mixture as outlined above.
.2,3.4 Effect of Substrate Concentration On ProteolyticActivity >

Reaction mixtures were prepared using different 
known volumes of stock 1.OmM L—alanyl p—nitroanilide in a 
total volume of 4.0ml.
2.3.5 Effect of Heat On Sample Protein:

Aliquots of 0.10ml of the sample were placed in 
labelled test tubes and 0.4ml volumes of distilled water 
added. Sets of four test tubes were each incubated at 
various known temperatures for ten minutes after which they 
were placed in ice chilled water for 5 minutes. Reaction



mixtures vara prepared by adding to each, tube buffered 
substrate consisting of 1.0ml stock 1mM L-alanyl 
p-nitroanilide, 2.0ml 0.1M citrate-phosphate buffer pH 7.5 
and 0.5ml distilled water, preincubated at 36°C, The 
enzymatic reaction was run at 36°C for 30 minutes.
2.3,6 Effect Of Different Concentrations Of Metal TonsAnd Proteolytic Inhibitors On Enzyme Activity

Aliquots (0.10ml) of extract were added to such
volumes of stock 2;.0mM metal ion and inhibitor solutions
in a total volume of 0.50ml to give the required concentrations
of the ions. The mixtures were left to stand at room
temperature for 20 minutes. The enzyme reaction was started
by adding preincubated mixture of 1.0ml L-alanyl p-nitroanilide
>0mM stock solution, 2.0ml 0.1M citrate-phesphate buffer pH
7.5 and 0.5ml distilled water. A standard reaction mixture
was prepared in which no metal ion was added to the enzyme.
The p-nitroamiline released was estimated as before.

2.*3 *7 p-Nitroanillne Standard Curve

A standard curve was obtained by determination 
of the absorbance at 405nm of various known concentrations 
of the p-nitroaniline prepared from a stock 1.0mM solution 
in ifo formdimethylamide.
2.i4>0 Proteolytic Activity Using Amino Acid B-Nanhthvlamides

As Substrates
The method used is based on the measurement of the 

colour produced by the diazonium salt coupling of enzymatically
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released uaphthylamine f (81), The amino acid 0-naphthylamid® 
substrates were dissolved in 50$ methanol* Reaction 
mixtures consisted of 2.0ml of 0.10M citrate-phosphate 
buffer pH 7.5, 1.0ml of 1.0mM substrate (except where 
otherwise stated), 0.90ml of distilled water and 0.10ml of 
extract added to start reaction. The addition of 2.0ml of 
reagent consisting of 0.1$ w/v diazonium salt Fast Garnet 
GBC in 1.0M acetic acid buffer pH 4.2 made 10$ with respect 
to polyajtyethylene sorbitan mono-eleate (Tween 80) stopped 
the reaction as well as formed the mauve colour which was 
measured at 525nm 15 minutes after the colour reagent was 
added. The product formed was estimated from a 2-naphthylaraine 
standard curve. All tests and controls were run in duplicate. 
For the controls, the colour reagent was added before the 
extract was added. The absorbance readings were taken 
against a blank consisting of 2.0ml each of buffer, distilled 
water and dteonium salt reagent.

2 .4 Screening Of Amino Acid ft-naphthvlamides for
Suitability As Substrates For Proteolytic Activity

One (l.O)mM solutions of the available amino acid 
p-napthylaaides were used as detailed above.
2.4,2 Effect Of L-alanyl fe-naphthvlanide ConcentrationOn Proteolytic Activity

Various known volumes of stock 1.OmM solution of 
L-alanyl jMnaphthylanide were used in total reaction volumes
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of 4.0ml and the 2-naphthylamine released was estimated 
as detailed above.

2 ..4*3 2 naphthylamine Standard Curve

From an 0.1OmM stock solution of 2 naphthylamine 
in 50$ methanol various amounts were used in reaction 
mixtures containing 2.0ml buffer and distilled water to give 
4.0ml and 2.0ml of diazonium salt reagent. The absorbance 
at 525nmNwas plotted against the concentration of the 
2 -naphthylamine.
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C H A P T E R  T H R E E  
RESULTS

3»1 Hawaonchtts Contortua Extract Preparation
The 3ppQ0g(| soluble fraction obtained had a pale 

yellow colour. Twenty mg worms/ml homogenates were prepared. 
Protein estimations for these ranged between 0.10 - 0.20rag 
protein per rag. of worms. The presence of host blood in the 
parasite may have accounted for both the colour of the 
extract, and some of the protein estimated.
3.2 Assays For Proteolytic Activity

Effect of Triton X-100 On Homogenate;
Figures X and XI show the concentration and time 

effects of Triton X-100 on the protein concentration and 
proteolytic activity of the homogenate. Proteolytic activity 
decreased with increasing concentration of Triton X-100 and 
time of incubation. Protein concentration however increased 
with increasing concentration of and time of incubation with 
Triton X-100.

With the 30, OOOysgsupernatent, there was no increase 
in protein concentration with either treatment but a decrease 
in proteolytic activity was observed for both treatments.
3.3 Effect Of pH Of Reaction Mixture On Proteolytic Activity

Figure III gives the proteolytic activity relative
to different pHo of enzyme reaction mixtures for both 
haemoglobin and L-alanyl - p-nitroanilide substrates. Two 
pH optima, 5.6 and 7.8 were respectively recorded with the 
haemoglobin and amino acid p-nitroanilide substrates.
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3.^ Time Coarse Of Enzymatic Activity
Figure IV shows the time course of proteolytic 

activity of the extract with two substrates, L-alanyl 
p—nitroanilide and haemoglobin. The amino acid p—nitroanilide 
showed a linear relationship between rate of product formation 
and time, for the 90 minutes the reaction was ran. In the 
case of haemoglobin substrate on the other hand, a linear 
relationship was observed only in the first 20 minutes of 
the reaction.
3.5 Optimum Temperature For Proteolytic Activity 

Figure V shows the effect of the temperature of
incubation on the rate of hydrolysis. An optimum temperature 
of 36°C was observed for proteolytic activity at pH 5.6 
using haemoglobin as substrate.
3.6 Effect Of Heat On Proteolytic Activity

Table I gives relative activities of the extract 
after pretreatment at various temperatures before assay for 
activity using L-alanyl p-nitroanftlide as substrate. The 
results indicate that the arylamidase involved is heat 
labile, and loses all activity after exposure to a temperature 
of 66°C for 10 minutes.
3.7 Effect Of 'Enzyme* Concentration On Proteolytic Activity

Using haemoglobin as substrates the extract showed a
linear relationship between the rate of substrate hydrolysis 
and the concentration of extract protein in the reaction 
mixture. The linear relationship occured for protein con­
centrations up to 0.21mg per ml (Fig. Vi). Above this 
concentration there was no such linear relationship.
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Table X

Effect Of Heat On Enzvme Integrity 
Values are given as residual activity relative to 

the activity obtained after treatment at j6°C which was 
2.0 x 10” uM p~nitroamilin« produced/minute/mg extract 
protein.

Temperature Relative Activity

26 110

36 100

45 95
54 65

66 0

3.8 Screening Of Amino Acid B-nanhthvlamides and p-nitroanalides 
For Susceptibility To Hydrolysis By Extract
Table II shows results of enzymatic activity using

different amino acid p-nitroanHides and p-naphthylamides
as substrates. The figures given are relative to activity with
L-alanyl p—nitroanallde as 2.53 umol product/minute/mg extract
protein for the p-nitroanilides f and with L-Alanyl naphthylamide
as 1.81 umol product/minute/mg extract for the p-naphthylamides.
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Table IX

SUBSTRATE RELATIVE ACTIVITY

L-Alanyl-p-nitroanilide 100

Leucin p-nitroanilide 16

Acetyl alanyl p-nitroanilide 0

Succinyl-phenyl-alanyl-p-nitroanilide 0

Glycine p-nitroanilide 19
Alanyl-alanyl-alanyl-
p-nitroanilide 0

L-Alanyl p-naphthylamide 100

L-Arginine p-naphthylamide 17
L-Glutamyl p-naphthylamide 3
Aspartyl p-naphthylamide 0

N (-L—Glutamyl
p-naphthylamide) 0

Benzoyl-t~leucine
|!-naphthylamide 0

3*9 Effect Of Sabstrate Concentration On Proteolytic Activity 
Figures ¥11 -IX are graphs derived from the relationship 

between substrate concentration and proteolytic activity.
Table III gives the kinetic parameters, Em and Vmax, derived 
from these graphs» using, Haemoglobin, L-Alanyl p-nitroanilide 
and L-Alanyl B-naphthylamide as substrates.
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liable XXX

Substrate Em
/

Vmax/mg. Protein

Haemoglobin 1.7*tt«H 0.16 umol Tyr equiv/min
L-Alanyl p-nitroanilide 0.89mM 0.0615 umol pna/min
L-Alanyl ^-naphthylamide 0.16mM 0.0235 umol pna/min

3.10 Effect Of Metal Iona On Proteolytic Activity Of Extract
Table XV gives proteolytic activities of the sample 

when pretreated with different divalent metal ions* The 
figures are given relative to activity in a blank in which 
the extract was not pretreated with any metal iont determined 
to be 3.1 nmol p-nitroaniline produced/minute/mg of extract 
protein. The substrate used was L*rA.lanyl p-nitroanilide*
Table XV

Metal Xon

Metal Xon Concentration (M)

0 10'-6 10-k 10r 3

2+
G°ll

HiZn

100
100
100lOO
100
100
100
100
10

109
100

106
103
106
99

100
111
101
116
99

102

97 
0 (?)  92 
0 (?)  

101 
101 
90 
52



3110b Effect Of Metal Ions On. Proteolytic Activity Oil ExtractUsing- Haemoglobin As Substrate ^

Table V gives proteolytic activities of the sample 
when pretreated with different divalent metal ions. Figures 
given are relative to a blank in which the extract was not 
pretreated with any metal iony determined to be 3.06 x 10“ 
nmol Tyrosine equiv&lent/minute/mg extract Protein.
Table V

..-2

Metal Xon

Metal Xon Concentration (m)

10-6 10-k

Ca
Co
Cu
Mg'

Ni
Zn

2+

2+

2+

2+

2+

2+

2+

100
100
100
100
100
100

100

83

89
61

6h

89
89
82

102

2k

1J0
71
52
86

3*11 Effect Of Some Specific. Inhibitors Of Proteolytic Activity Of Extract Of Haemoachns Contortus
Table VI gives values of proteolytic activity of the 

sample after pretreatment with the inhibitors. The figures



givBa are relative to a control reaction in which in place of 
the inhibitor buffer solution was used. For the control 
the activity was 3*1 umol p-nitroaniline produced/minute/mg 
of extract protein, using L-Alanyl p-nitroanilide as substrate.

Table VT

Inhibitor Relative Activity

Cysteine - HCjjt 0
Dithiothreitol 105
Iodoacetate 70
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C H A P T E R  F O U R  
DISCUSSION AND_CONCLUSION

Hie preliminary experiments that were performed in 
this study involved assays with not only the crude homogenate 
of the adult worm in various media - physiological saline and 
0.1M concentration of a number of buffers - but also with 
various centrifuge fractions. The results of these preliminary 
studies indicated that physiological saline which has been 
used by other researchers for similar purposes* was suitable.
This was considered to be of particular importance in view of the 
observation that when the homogenates were prepared in buffer 
there was a decrease in proteolytic activity with increase in 
the period of storage in the frozen state. The 30,000jg (30 

minutes) supernatent fraction was chosen for the study because 
of the defined range of components in it. According to Clark 
and Switzer (82)* centrifugation at 30*000)0 for 30 minutes 
sediments most cell components leaving ribosomes* polysomes 
and smaller particles* as well as soluble molecules like 
proteins and carbohydrates.

Detergents were used on both the crude homogenates 
and the 30*OOOJjgsoluble fraction in an attempt t© increase the 
total protein in solution and thus the observed activity.
The results indicated that with the crude homogenate* the 
protein concentration increased with both the concentration of 
the Triton-X100 that was used* and the length of time that the
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solubilization was effected. With the 30,000^soluble fraction 
however, there was no significant increase in level of protein 
by both treatments. Xn both eases however, it was observed 
that the proteolytic activity expressed decreased with 
Increasing concentration of the detergent when activity was 
expressed as umoles of product per minute per milligram of 
extract protein. Furthermore, in the ease of the crude 
homogenate, the decreased activity was observed in the studies on 
effect of time of solubilization. From these observations, it 
seemed that even though Triton X-100 increased the level of 
protein possibly by releasing membrane bound proteins, it 
decreased observed proteolytic activity. This, it is suggested 
may have been either because of a direct inhibitory action, or 
because the protein released has no proteolytic activity to 
begin with. On the basis of the above conclusion, and in the 
absence of other detergents for use, the studies were done 
without the use of any solubilising agent.

The protein estimates for various preparations of the 
extract ranged between 0.10 - 0.20mg per mg of worms homogenate^. 
This wide range may have been due to the method of homogenisation 
which, needless to say, could not have produced consistent 
homogeaates in terms of final particle size of the homogenate.
A possibly more important factor may have been due to the sex 
ratios of the worms homogenised at different times. The females 
are twice the size of the male worms and contain by far larger 
amounts of host blood in their guts. The contribution of host
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blood proteins to the total protein estimated, it is being 
suggested, was significant enough to explain the observed 
difference* A 1967 study by Eckert (S3) gives the percent 
of protein in the dry weight of Haemonchns contortus at 54.
The 10 - value obtained for the wet, live sample, it is 
considered, compares favourably with this literature value.

As indicated in the literature review, the anaemias 
produced by Infections of Haemonchus Contortus have become 
important areas of study in the search for methods of 
combating Haemonchosis. The use of haemoglobin as a substrate, 
in the light of this, is only logical. Rogers (6*,84) has 
indicated that helminths split haemoglobin into glebin and heme, 
but the details of blood digestion vary in the different species. 
Celam (85*86) in subsequent studies with Rhabdias bufonis and 
S. sphaeroceohala has shown that the greater part of the 
haemoglobin is digested extracellularly with the help of an 
endopeptida.se, probably an exopeptidase, and an acid phosphatase 
leading to the formation of hematin. Intracellular lysosomal 
digestion involving an endopeptidase and an acid phosphatase 
"on the other hand leads to production of haemosdftrin. In the 
use ef denatured haemoglobin as substrate for pepsin-like and 
trypsin-like enzymatic action, the products measured however, 
are the tyrosine equivalents and tyrosine.

The use of synthetic substrates in kinetic studies 
been very rewarding, especially in studies of the specific 

structures susceptible to hydrolysis. Hartley (£6) however, 
suggests that few valid generalisations can be made about the



aetion ©f protexflasss on proteins • Synthstic substrates on the 
Other hand are simple to use and yet give a wealth of 
information* and were thus convenient to use in studying some 
of the factors that affect the activity of the enzyme(s) 
under study.

The assays in general showed the classical effects on 
enzymes of parameters like hydrogen ion concentration* 
temperature* substrate and enzyme concentrations and inhibitors 
of proteolytic activity. These results altogether give a basis 
for a preliminary classification of the enzyme present in the 
extract studied.

tfsing haemoglobin as substrate the maximum activity 
was observed at pH 5.6. Subsequent assays with haemoglobin 
as substrate were performed at this pH. In studies by Timms and 
Bueding fBf) with Schistosoma tomaoai a similar pH optimum was 
observed. It is interesting te note that the observed pH optimum 
is half-way between the mean pH of the abomassum of the host 
animal found to be 4.2* and the pH of the host blood.

With the synthetic substrates on the other hand the 
optimum pH was found to be 7.8. This compares with a 
Plasmodium Knowlesi enzyme which showed maximum activity in the 
pH range 7-8 after partial purification by Cook and coworkers 
This enzyme was inhibited distinctly by d.i is ©propyl fluorophosphate 
and to a lesser extent by several chelating agents* but not by 
cyanide or SH inhibitors. It differs from the enzyme studied* 
vhich was completely inhibited by cysteine.
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For both haemoglobin and synthetic substrates, the 
snzym©(3) shoved —t<«» activity at j6 C. In the studies on 
the effects of heat using alanyl pna as substrate the extract 
was shown to be heat labile, losing all proteolytic activity 
after incubation at 66°C for ten minutes* This property is 
considered useful for purposes of characterisation of the 
arylamidase responsible for the observed activities* Where 
beat activation has been observed, it has been attributed te, 
among other factors, the destruction of a thermolabile inhibitor 
bound to the enzyme, or on the other hand, to the presence of 
a thermostable factor which stabilizes the secondary and 
tertiary conformations of the enzyme* Heat inactivation may 
be a consequence of the denaturation of the enzyme protein*

The use of metal ion activation/inactivation as a 
characterising tool, it has been suggested by Malmstrong and 
Rosenborg (?H)» is quite meaningless except with pure extracts 
of enzyme. Besides this purity factor, there is the need to use 
as wide a range of metal ion concentrations as possible, bearing 
in mind the faet that generally high concentrations of metal ions 
are inhibitory and/or interfere with the method of estimation* 
Finally, it is important to use an assay method sensitive 
enough to detect slight differences in activity consistently* 
Besides the fact that the extract used in these studies was 
impure, the method of estimation was not particularly sensitive, 
making it difficult to interprete with any level of conviction 
the slight activation with decreasing concentration of some of



tb# mttsil ions used, Hovevtri it could be useful to study 
further the effect of metal ioas on the proteolytic activity 
in order to understand the role of metal ions in various 
physiological changes of the diseased host animal.

The kinetic studies show that haemoglobin is more 
susceptible to hydrolysis. There is no real basis for 
comparison of the Km and Vmax values obtained fer haemoglobin 
and the synthetic substrates (Table III) because of the 
different assay methods used and more Important because of the 
different pH optima observed for the two types of substrates.
This latter factor could be interpreted to mean the presence 
of at least two different enzymes active at the different pHs, 
or complex enzyme with at least two active sites activated at 
different pHs. For the synthetic substrates, the values for Em 
and Vmax indicate that alanyl pna is slightly more susceptible to 
hydrolysis by the enzyme than alanyl—J3NA.

In the screening of amino acid pnas and pHAs for 
susceptibility to hydrolysis, there was clear indication of a 
preference of the L-aAauyl derivatives to the leucyl, arginyl 
Of glutamyl derivatives (Table II). Often in the characterisation 
of aminopeptidases, the hydrolysis of such substrates has been 
attributed to leucine amino peptidase (LAP) activity ($9),
However, mammalian tissues for example have been shown to contain 
amino peptidases or arylamidases with a great variety of 
substrate specificities. Enzymes have been isolated which 
preferentially hydrolysA peptide bonds involving N-terminal acidic

— 5k «*



amin© acids - glutamate or aspartate (90,91 )* basic amin® acids - 
lysine or arginine (92), alanine (93). glycine (9*0, ^-aspartate 
(95) cysteine (96) ®r pyrrolidine carboxylate (97)* Behai and 
coworkers (82) in studies of an aryiamidase ©f Iranian liver 
found that only amin© acid p-naphthylamides ©f the L-configuration 
were susceptible to aryiamidase catalysed hydrolysis. In their 
studies, L-alanine pNA had the highest Vmax value. Several 
ether substrates in which the amino acid residues had a larger 
nen-polar, ©r basic R-groupings such as methionine $NA or 
arginine JJNA had the lower Km values. The enzyme had no 
dipeptidyl aryiamidase activity. These studies by Behai and 
coworkers (93) also showed that amino acid , substrates having 
straight chain or ^-branched R-groups were much more susceptible 
to hydrolysis than those with ^-branched or acidic R—groups on the 
amino acid residue. Similar observations have been made in the 
present study, with both amino acid pnas and $NEA.s.

The relative resistance of the ^-branched N-terminal 
residues to hydrolysis has been noted even in the case of non 
enzymatic (acid or alkaline) hydrolysis of valyjglycine and 
isoleucylglycine independently studied by Levene and coworkers (98) 
and Synge (99). This factor is probably reflected in the 
enzymatic hydrolysis of these amides as pointed out by Smith and 
coworkers (100), though it is probably not the only factor since 
they further reported that neither isoleucinamide nor valine amide 
inhibits LA.P catalysed hydrolysis of L-leucinamide when present 
in equal concentrations. These latter findings have been inter­
preted to mean that the ^-branched amino acid derivatives do not 
interact with the enzyme as strongly as do the ^-branched 
derivatives.

-  5 5  -



This group of enzymes having no LAP activity but 
which hydrolyso a variety of amino acid pNAs reported by 
Behai and coworkers (93) have been classified as 
arylamidases (lOl). Studies by Behai and Folds (102) 
described the predominance of arylamidase in certain gram 
negative bacteria among a representative group of gram 
positive and negative bacteria. This enzyme lacked the 
divalent cation requirement characteristic of arylamidase 
from animal ? fsources. The enzyme studied has shown, by 
the nature of substrates susceptible to its hydrolytic action, 
a close similarity to the enzymes in these earlier studies.

Barret in his classification of proteinases, has 
indicated the use to which specific inhibitors of proteolytic 
activity can be put to •confirm' classification of enzymes 
studied. The enzyme(s) studied with respect to synthetic 
substrates was completely inhibited by cysteine and partially 
by iodoacetate (Table V). Dithiothreitol of the same 
concentration as the above (0.10M) had no effect on activity.

It is a consequence of Hartley's (56) idea of 
classifying the proteinases by catalytic mechanism that 
inhibitors tend to be more informative in initial 
characterisation of a particular enzyme than substrates.
The enzyme responsible for the arylamidase activity observed 
cannot be meaningfully characterised in this respect 
because some of the inhibitors used in the Barret scheme 
devised for characterising what seems to be an exopeptidase 
effect of the enzyme(s) showing the arylamidase activity 
wer© not available for use.

-  5 6  -
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3k conclusion, the 30,000 x g supernatant fraction of hoaogenates 
•f adult HaS52iS£feSS ooBtortus showed maximum proteolytic activity at 
pi 5.6 sad 7.8 for haemoglobin and synthetic (amino acid pna and (3 HA) 
substrates respectively* With haemoglobin as substrate, Km aad Vmax 
were respectively found to bo 1*fkm aad 0.16uko1 Tyrosine equivalent/ 
minute/mg of extract protein. She ensyme was inhibited by cystcine, 
while the effect of netal ions ia activation was not significant*

The synthetic substrates nest susceptible to the hydrolytid 
effect of pH 7.8 were the L-alanyl derivatives# Tkere Was clear indicate 
ion that the sise aad nature of the amino acid residue was an important 
factor in determining whether or not the substrate was susceptible to 
hydrolysis. For the ananyl pna and alanyl $NA, Vmax was found to bo 
0.065uw»l pna/minute/iag protein, end 0.0235uaol |5W«ia«t®/ag protein 
respectively. The aryiamidase activity was inhibited by cysteine and 
partially by iodoacetate, but net lay dithiothreitol. It lest all 
activity bfter heating at 66°C for 10 sd&utes, suggesting that it is 
beat labile* The results with various cations cannot be meaningfully 
interpreted, however, because the extract was impure and the assay 
aethod not sufficiently sensitive for the purpose* These possibly 
explain the observation that unlike most arylamidases of anisal origin, 
there was mo significant activation by the cations, particularly 
Magnesium aad manganese.



In the light of* the great economic importance of 
Haemonchus ’Contortus in livestock production, there is need 
for farther studies into the enzymology not only of the adult

i
worm but also of the infective larval stage, especially with 
regard to the effect of metal ions which have been shown to 
feature quite prominently in the disease state of the host 
animal.
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APPENDIX

REAGENTS AND MATERIALS

All chemicals used were of* the highest analytical 
grade available.
a. Assays Using Haemoglobin As Substrate

Sodium hydroxide, calaium chloride and potassium 
cyanide were from Fluka-Garantie. Boric acid, copper 
sulphate, potassium, sodium tartarate and anhydrous 
sodium carbonate were of BDH Analar grade. Urea used was 
from Eastman Chemical Company and L~Tyrosine from Sigma 
Chemical Company.
b. Assays Using Amino Acid p-nitroanilides As Substrates 

N-Succinyl-, L—phenylalanine-, L-Alanine-,
N-Acetyl L Alanine-, N Benzoyl-L—Arginine—, I—leucine-, 
and Glycine- p-nitroanilides were obtained from Sigma 
Chemical Company. Acetyl Tri-L-Alanine p—nitroanilide was 
from Mileb-Yeda Ltd., Formdimethy1amide BDH, and
p-nitroanilime of General Purpose Reagent grade were used.
c. Assays Using Amino Acid B-naphthylamides As Substrates

2-naphthylamides of L-Alanine, ot-L-Aspartyl L-Arginine 
and N-Benzoyl L-leucine were obtained ffrom Koch—Light 
laboratories. N(g<r L-Glutamyl) p-napihthylamide was from 
Aldrich Chemical Company, OC-L—Glutamyl- and N-Benzoyl-D-L 
phenylalanine ^-naphthylamides from SERVA, and 2-naphthylamine 
ef General Purpose Reagent Grade were used. Methanol 
(Kodak grade) was used (50°/o strength) as solvent. Tween
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80 (polyoxyethylene sorbitan men®—®leate) and Fast Garnet 
GBC from Sigma Chemical Company were the main components 
ef the colour reagent,
d. Buffer Solutions

Buffer solutions were prepared according to the 
methods of Gomori, modifying concentrations of stock 
solutions as required, Tris (hydroxymethyl) amino methane, 
citric acid and Acetic acid were from Eastman Chemical 
Company, and Sodium acetate from Fluka-Garantie. Sodium 
citrate, dibasic sodium phosphate (Na2HP0^2H2©), monobasic 
sodium phosphate and Sodium hydroxide were from BDH.

APPENDIX TWO 
LIST OF ABBREVIATIONS 
pna p - nitroanilide
pNA p - naphthy1amide
ala - pna L - Alenyl - p - nitroanilide
ala - pNA L - Alenyl - p - naphthylamide
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