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SUMMARY

The main purpose of this study was to

investigate key enzymes involved in amino acid

metabolism in bloodstream Trypanosoma brucei brucei
and the leakage of some of these enzymes into the

plasma of infected rats.

Using glutamate pyruvate trarsaminase (GFT) (EC
2.6.1.2) as a cytosolic marker and =-glycerolpluep-
hate dehydrogenase («GPDH) (EC 1.1.1.8) a« a
glycosomal marker, the intracellular location of
glutamate oxaloacetate transaminase (GNT) (EC 2.5.1.
1); ;AD-linde malate dehydrogenase (NAD-linked
MDH) (EC 1.1.1.37), NADP-linked malic enzyme (NADP-
linked ME) (EC 1.1.1.40) and glucose-6-phosphate

dehydrogenase (GEPDH) (EC 1.1.1.49) in bloodstream f

T. b. brucei was investigated. This was done by
determining the release of these enzymes from
isolated bloodstream trypanosomes by increasing
cycles of freeze-thawing or increasing concentrations

of Triton X=100 and Digitonin.

In one set of experiments, the release of GPT,
GOT, NAD-linked MOH and =GPDH was studied with 10°
trypanosomes/ml of PSG. To release maximal activity of
GPY, ONT, and HAD' ~1inked MOH, 2 cycles of freeze-thawing,
0.04% Triton X=100 or 140 ug Digitonin/10® trypano=
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somes was requjred. 8ix freeze-thawing cycles or
0.07% Triton X -100 released maximal activity of
«GPDH. The maximum concehtratiun of Digitonin used
(280 ug/1ﬂ8 trypanosomes) did not release maximal
actiQity of «GPBH from the trypanosomes. IL was
concluded that GOT and NAD-linRed MDH were cyto-
solic since they were released in a pattern similer

to that of the cytesolic marker GPT.

In another set ot experiments, the release
of GPT, G6PDH, NADP-linked ME and «-GPDH was studied
with 5 x 108 trypanosomes/ml PSG. To release
maxiqal activity of GPT and GB6PDH, 2 cycles of
freeze-thawii.z, 0.04% TritonX-j100 or 170 ug
Digitonin/5 x 10B trypanosomes was required. To
release the maximal activity of NADP-linked WME, 2
cycies of freeze-thawing, 0.04% TritonX- 100 or

226 yig Digitonin/5 x 108

trypanosomes was required,
The maximum concentratién of Digitonin uced 1280 uyg/
B 108'trypanosomes] did not release maximal
activity of «=GPDH from the trypanosomes. It was
concluded that G6POH was cytosolic since it was
released in a pattern similar to that of the

cytosolic marker GPT. The localisation of NADP-
linked ME could not be established conclusively,

The plasma levels of GPT, GOT, Pyruvate Klnage

(PK) (EC 2.7.1.40) =GPDH and lactate dehydrogenase
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(LEH) (EC 1.1.1.,27) were measured in healthy and

J. b, brucei infected rats, At a parasitemia of

approximatély 10a parasites/ml blood, the plasma
level of GPT was elevated 4 - 5 foldy; GOT, 2 - 3
foldy PK, 3 fold; «GPOH, 2 fold but the level of LUH
was not altered. It was:proposed that the additional

enzyme activity in plasma during T.b., brucei was of

trypanosomal origin. To confirm the origin of

additicnal enzyme activities in plasma of T.b. brucei

-infected rats, starch gel electrophoresis of
healthy and infected rat serum was done. Parallel
experiments were set up with parasite lysate. In
addition to normal rat serum GPT and GOT, infected
rat s;rum contained trypanogomal GPT and GDT.. ! §
was concluded that the elevated levels of these
enzymes in serum.of rats during infection was due to

leakage from trypanosomes,

The activity of GPT in bloodstream T.b. brucei

was O.SZ.umoles/min/mg protein. The role of this
enzyme in t}ypanosomes was investigated. Isolated
trypanosomes were incubated in PSG containing 10 mM
L-glutamate at 25°C. Alanine and «-ketoglutarate
were produced in equimolar quantities and the amount
of alanine produced was a function of glutamate
concentration in the incubation medium. Paper
chromatography enalysis of post-incubation medium

gshowed alanine to be the only amino acid produced
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during tha incubations. It was proposed that the

rnle of GPT in bloodstream T. b. brucei is to

convert some of the pyruvate generated in glycolysis

to alanine,

The role of GOT in ‘bloodstream T. b. brucei was

also investigated. Trypanosomal GOT activity was
0.075 wmole/min/mg protein, NAD-linked MDH was 0.140
pmoles/min/mg protein and that of NADP-linked ME was
0.012 umoles/min/mg protein. Trypanosomal iybatss

in P. incubated at 25°C with 10 mM L-aspartate, 10

mM «-ketoglutarate and 5 »M NADH produced significant
amounts of L-malate (0.51 * 0.005 umoles L-malate/hr/
10B t;ypanosomes). It was speculéted that GOT

generates oxaloacetate from aspartate and «-keto-

glutarate as shown below;

GOT

Aspartate + =-Ketogiutarate s==—> GClutemate * Oxalo~

acetate

The oxalvacetate then acts as a substrate for NAD-

A

MDH generating malate by reduction consuming NADH as

shown below;

NAD-linked MOH

LY

Oxaloacetate + NADH ——=== NAD® + Malate

The malate so produced is oxidatively decarboxylated

to pyruvate by NADP-linked ME generating NADPH as



shown below;

NADR=linked. ME

Malate * NADP' > Pyruvate + NADPH + CO,
A

It was further speculated that the most likely role

of BOT in bloodstream T. b. brucei is involvement in

a series of boupled reactions leading to transhydro-
genation of NADH with NADP®, The NADPH generated

in this transhydrogenation would supplement that
generated by G6POH. The activity of GEPDH in

bloodstream T. b. brucei was 0.012 ymoles/min/mg

protein.

The presence of other trypanosomal aminotrans-
ferases was investigated using trvpancsome lysates
in the presence of 10 mM L-amino acid and 10 mM
« -keteglutarate at 25°C. The transamination
activities obtained with various L-amino acids
expressed as ymoles L-glutamate/hr/mg protein were,
alanine, 1.44 ¢ 0.041,; aspartate, 0.67 * 0.012,
glutamine, 0.33 ¢ 0,007, isoleucine, 1.1 % 0,015;
leucine, 1.02 ¢ 0.028, methionine, 0.65 ¢ 0,012,
phenylalanine, 1.13 * 0.022, tryptophan, 0.39 * 0.014,
tyrosine, 0.79 ¢ 0,014 and valine, .99 2 G,013, Two
speculations were derived from these results., Firstly
was that in addition to the reported trypanosomal
transaminasna, there are noval nen-specific transa:

minases acting on 10 amino acids with «-ketoglutarate
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as the émino group aceeptor, Seeondly, that in
addition to the'ruportmd tfypanosumal transaminases
there are at least 5 novel specific transaminasas‘
écting on glutamine, isoleucine, leucine, valine and
methionine with e«-ketoglutarate as the amino group

acceptor.

In mammals the transamination and catatolism of
methionire may lead to production of very toxic
irtermediates; methanetniol and hydrogen sulphide.

The location of the methionine transaminaling enzyme
activity in the trypanosomes was investigated. Us.ng
CPT as a cytosolic marker, the release of the methio-
nine transaminating enzyme Froh parasites by freeze-
thawing was determined. Maximal activities cof both
GPT and the methionine transaminating enzyme were
released by 2 freeze-thawing cycles. It was cnncluded
that the methionine transaminating enzyme is cytosolic
and may leak into thec plésma of infected animals '

contributing to the pathogenicity of trypanosomes.
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CHAPTER 1

INTRODUCTION

1.4. - THE TRYPANOSOME

Trypanosomes are flagellated protozoa of the

order kinetoplastidae and the family Trypancsomatidae

(Hoare, 1972; Vickerman, 1976). Trypanosoma brucei

brucei, Trypanosoma brucei gambiense and Trypanosoma

brucei rhodesiense are important causative agents of
African trypanosomiasis. They are morphologically
similar but differ in nost range and virulence (Hoare,
1972). These organismsares parasites which inhabit
bloodstream and lymphatic systems of mammals (Ssyeny-

onga et al, 1975).

It is believed thet T. b. gambiense and T.b.

rhodesiense are subspecies of T. b. brucei. Thase

trypancsomes comprise the T. brucei sub-genera

(Vickerman, 1965; Hoare, 1972). Trypanosoma b,

geambiense and T.b. rhodesiense cause sleeping

gickness in humans and trypanosomiasis in livestock

and wild animals. Trypancsoma b. brucei causes

trypanosomiasis in livestock and wild animals but it

is non infective to humans (Hoare, 1972}
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Trypanosomes belonging to the T. brucei sub-
genera are transmitted by the tsetsefly of the genus
GLossina within which they undergo a series of
developmental stages (Vickerman, 1976), The tsetse-
fly ingests parasites when taking a blood meal from
an infected animal. ‘In the mid-gut of the tsetsefly
stumpy forms (which are non-dividing in fhe mammalian
ﬁost) differentiate into procyclic forms which have
lest the surface coat and are non-infective te the
mammalian host (Barry and Vickerman, 1979). . After
about three weeks, the procyclic forms migrate to ths
inséct salivary glénd wnere they develop into
metacyclic forms which have a surface coat and are
infective to the vertebrate host (Vickerman, 19€69;

Le Ray et al, 1978). The infective metacyclics in the
saliva are injected Qy the feeding tsetsefly into |
the bloodstream of the host where they quickly dave-
‘lop into long slender blocdstream forms which divide
rapidly by binaqy fission, gltér their metabolic
pathways and undergo the characteristic antigenic
variation (McNeillage et al, 1969; Barry and Hajduk,
1978). The bloodstream trypanosomes can be trans-
mitted mechanically to animals by syringe passage.,

A population of homogeneous
slender forms ‘ree from stumpy forms can be obtained
from the repid passage of a trypanosome clone in
laboratory animals (Clarkson and Brohn, 1878}, These

clones provide a pure population for biochemical studies,
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1.2 ENERGY METABOLISM IN TRYPANOSOMES

The bloodstream trypanosomes depend entirely
on glycolysis for their energy production (Ryley,
1956; Foulton and Spooner, 1958) and the glycolytic
enzymes are located in a microbody-like organelle
called the glycusome (Opperdoes and Borst, 1977,
Opperdoes et al, 1884). These blondstream forms
have a tubular mitochondrion without cristae and
ihey do not possess a functional tricarboxylic acid
(TCA) cycle (Ryley, 19862). FReoxidation OF.NADH
under aerobic conditions is effected by an = -glyce-
rophpsphate oxidase («xGP0) system which consists of
a; « -glycerophosphate dehydrogenase and a terminal
oxidase (Bowman and Flynn, 1976; Opperdoes el al,
1976). The oxidase reduces molecular oxygen to
water and it is not.coupled to adenosine diphosphate
(ADP) ghosphorylation {Grant and Sargent, 1860).

In bloodstream T. b. brucei an ATPase is present but

it's function is not clear. It cannot be involved
in the coupling of electron transport to adenosine
triphosphate (ATP) synthesis since a respiratory
chain is absent in these organisms (Opperdoes et al,

1977a).

Oxidation of 1 mole of glucose produces approx-
{imately 2 moles of pyruvate anc a net 2 moles of

ATP. There is some evidence that some pyruvate may
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be converted to alanine (Grant and Fulton, 1957;.
Chapell et al, 1972). However the transamination
of pyruvate to alanine and the stoichiometry of the

-products have not been investigated in detail.

ﬁuring anaerobiosis of in the presence of
salicylhydroxamic acid (SHAM) an inhibitor of the
terminal oxidase, the amount of ATP and pyruvate
produced is halved. Pyruvate and glycerol are
produced in approximately equimolar quantities

(Evans and Brown, 1972).

113 : AMINO ACID METABOLISM
Amino acids are used by living organisms for
the biosynthesis of proteins and other biomolecules.
They may also serve'as a source of energy (Lehninger,
1975). The amino acids in the organism are obtained
either by synthesis or %rom the environment. Amino
acids that can be synthesized by an organism from
other compounds or other amino acids are termed
non-essential. Those amino acids that cannot be
synthesized Ly an organism are termed essential. 1In
mammals the essential amino acid requirement is
known (Lehninger, 1975). In trypanosomes, the
essential amino acid requirement has not been
determired, However, studies have been carried

out on tha metabolism of some amino acids in these
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organisms as discussed below.

1.3.1 Amino acid trensport in trypanosomes

There are reports of amino acid transport in
bloodstream trypanosomes. The amino acid uptake

mechanisms in T.b. gambiense and T.b. brucei are

summarized in Table 1I.

1.3.2 Amino acid catabolism in bloodstream trypano-

sSomes

»

1.3.2.1 Catabclism of threonine

" In bloodstream forms of T.b. brucei, threonine

cataboulism leads to ths formation of acetate and
glycine in equimolar quantities. Some of the
intermediates and enzymes’of the pathway of thraonine
catabolism have been identified (Linstead et al,
1977).

Linstead ot al, 1977 recovered labelled amino
acetone, acctate and glycine from bloodstream T.b,
bruced ‘Incubsted with Ju'%c] L-threonine.
Production of acetate and glycine was stimulated by
NAD’ and coenzyme A. The propused pathway of threo-

nine catabolism in bloodstream T.b, brucei is



TABLE I

AMINO ACID UPTAKE IN TRYPANOSOMES

Species

Type of uptake

Amino acid

J Reference

Fi

T. b. gambienss

Mediated trensport

Mediated transport
and diffusion

Diffusion

Leucine, Glycine
Alanine
Thireonine

Lysine

Arginine, Phenylalanine
Glutamate, Methionine,
Lysine

Ornithine, Aspartate

Southworth and Read, (1972)

Hansen and Read, (1973)

Southworth and
Hansen and Read, (

T.b. brucei

Mediated transport

Glycine, Alanine
Serine, Threonine
VValine, Leucine
Proline, Methionine,
Glutamate,

Lysine
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summarized in Scheme I.

- Threonine dehydrogenase and amino acetone

synthase activities are present in bloodstream

T.b. brucei (Linstead et al, 1977) as well as
carnitiﬁe acetyl transferase (Gilbert and Klein,

1 1982). Threonine dehydrogenase and carnitine
acetyltransferase are probably mitochondrial matrix
enzymes (Opperdoes et al, 1961). 1In the proposed
pathway of threonine databolism in bloodstream form

T.b. brucei, threcnine dehydrog :nace oxidizes

threonine to 2-amino-3-ouxobutyrate which spontaneou-
sly deqarboxylates to aminoacetone (Laver, 1553,

Klein et al, 1976). Amino acetone then reacts with
CO2 and coenzyme A under the catalysis of aminoacetone
synthase producing glycine and acetylCoA. The acetyl-
CoA then reacts with carnitine in a reaction catalysed
by carnitine acetyl transferase producing acetyl
carnitine which is probabiy hydrolysed by acetvlcarni-
tine hydrolase to acetate. Klein and co-workers in

1976 reported carnitine-stimulated deacylation of
acetylCoA by bloodstream form T.b. brucei.

1.3.2.2. Catabolism of aromatic amino acids

The catabolism of aromatic amino acids has

been studied in bloudstream form T.b, gambicnse.
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SCHEME I

PROPOSED PATHWAY OF THREONINE CATABOLISM IN BLOODSTREAM

- T. 8. BRUCEI

Linstead et al, (1977); Gilbert et al, (1983)

Threonine

—
NAD Threonine dehydrogenase

NACH

2-Amino-3-Oxobutyrate

Spontaneous decarboxylation

Amino acetone

COZ \\\\\‘\, Amino acetone synthase

Glvcine

AcetylCoA
Carnitine
Camitine
acetyl trensferase
COASH

Acetyl Carmnitine~ - —» Acetate + Camitine



In thesa.orgaﬁisms, phenylalanine is transaminated
to phenylpyruvate and tyrosine is transaminated to
p-hydroxyphenybyruvate which may be reduced to p-
hydroxyphenyllactate in the presence of NADH (Stibbs
and Seed, 1975b). Tryptophan is transamiﬁated to
indolepyruvate which in the presence of NADH is
-reduced to indolelactate. 1In the absence of NADH,
indolepyruvate is metabolized to indole ethanol
(Tryptophol) and indoleacetate (Stibbs and Seed,

1973; 1975a; Hall et al, 1981).

The catabolism of aromatic amino acids by

bloodstream T.b. gambiernse is summarised in Sch2ie

11 Similar pathways may be present in bloodstrcam

T.b. brucei.

1.3.3. Amino acids as precursors of biomolecules

~ in trypanosomes

Bloodstream forms of T.b., brucei can synthesize

the polyaﬁines putrescine and spermidine in vitro

from ornithine, arginine and methionine (Bacchi et al,
1979). Polyamines are important regulators of cell
growth, proliferation and differentiaticn (Janne, 1978),
The proposed pathway of polyamine synthesis in blood-

stream T.b. brucei is summarized in Schemelll,

Ornithine decarboxylase, the enzyme which catalysaes

the decarboxylation of ornithine to putrescine ia
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SCHEME 11

CATABOLISM OF AROMATIC AMINGO ACIDS BY BLOCDSTREAM

T.8B. GAMBIENSE

(Guttertidge and Coombs, 1977)

Tyrosine —3 P-Hydroxyphenylpyruvate — —-»F -Hydroxyphe-
/ nyl lactate

« -ketoglutarate Glutamate NADH NAD

Tr’yptOD\\ / ndo]ppymvata&___,—/{ols:lactate

»

Tryptophol

+

Co

Indoleacetate

« -ketoglutarcte " Rlutamate

Phenylalanine .. Phenylpyruvate
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SCHEME 111

— e ———— e

POLYAMINE SYNTHESIS IN BLOODSTREAM T. BRUCEI

(Bacchi et al, 1979)

{

Methionine Arginine
ATP Glycine s L
\\\\\ Iginine-glycing
methionine Cuanida= amidinotransferase
adenosyl acetic
transferase acid
Ornithine
8% P« PPe
Ornithine
co decarboxylase
2
Putrescine
d 002
S-adenosy Decarboxylated SQBE:SUIHS
mathionine S-adenosyl synthase
SAM methionine A ¢
oc Spermidine

SAM, DC = S-adenosylmethionine decarboxylase

MTA = Methylthioadenosine.



strongly inhibited by «-difluoro methyl ornithine
(DFMO) (Bacchi et al, 1980) and «-monoflucromethyl
dehydro-ornithine methyl ester (Bitonti et al, 1985).

Trypanosoma b. brucei - infected mice showed complete

clearance of parasite and cure after treatment with

“these compounds.

There is evidence that trypanosomes are able to
synthesize pyrimidines de novo utilizing glutamine,
bicarbonate and aspartate as precursors (Gutteridgs
and Coombs, 1977; Hammond and Gutteridge, 1984).
Gilbert et al, (1883) recovered radioactivity in the

fatty acids of bloodstream forms of T.b. brucei

incubated with ﬁ4c] L-threonine. This suggeststhat
acetylCoA derived from threonine catabolism (Linstead
et al, 1977) was incorporated in the fatty acids of

the bloodstream forms of T.b. brucei.

1.3.4. ' Amino_acid svnthesis in trypanusomes

Chappel et al, (1972) studied amino acid
synthesis in isolated bloodstream forms of T.b.
gambiense using14c labglled substrates. They
showed that trypanosomes incubated with glucose
synthesized alanine. Incubation of the trypancsomas
with alanine produced cysteine and taurine while
incubations with aspartate produced serine. Further-

more, incubation with glutamate produced cysteine
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and taurine while incubations with arginine produced °
taurine, proline and glutamate. Thus bloodstream

T.b. gambiense trypamastigotes are capable of

interconverting or synthesizing some amino acids

in vitro.

1.4. TRANSAMINASES

Transaminase activity is widespread in living
organisms {(Rudman and Meister, 1953; Stenmark et al,
1974; Tachiki and Tochikura, 1875; Patel et al,

1977; Paris and Magasanpk, 1981). Approximately
6C transaminases are known (Christen and Metzler,
1985). The characteristic transamination reaction is

summarised in Scheme IV.

SCHEME IV
Transamination
Amino acid T «-keto acid I
Transeminase
«-keto acid II Amino acid 11

An orgamism may contain several transaminases

with broad and overlapping specificity so that it
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is difficult to assess the precise functional roles
for each of the énzymes. Fﬁr example in Bigoll,
Rudman and Meister, (1953) have reported transami-
sases designated A, B and C, "aA" transaminates
leucine; phenylalanine and tyrosine, "B" transamina-
tes ispléucine, valine, leucine, phenylalanine and
tyrosine with «-ketoglutarate as the second substrate,

"C" transaminates valine with pyruvate as second

substrate.

Ichihara, (1975) reported tnree branchad-éhain
amino transferases I, II and III in rat tissues,
Supernat?nt fractions of all rat tissues examined
contained enzyme I while brain, ovary and placenta
also contained enzyme II1I. Enzyme I and III acted
equally .on valine, leucine and isoleucine. The
best amino group acceptor for all three enzymes was
=-ketoglutarate, but keto apalogues of the branchea-
chain amino apids were good acceptors. Ikeda et al,
(1976) reported a rat liver enzyme II or leucine
aminotransferase that showed equal activity on both
methionine and leucine with «-ketoglutarate as amino
group acceptor. These examples illustrate the

nonspecifity of some transaminadses.

1.4.4, Transaminases in trypanosomes

Several transaminases bhave been reported in



bloodstream trypanosomes, There is evidence that

bloodstream form of T.b. gambiense possess tyrosine

aminotransferase, phenylalanine aminotransferase
(Stibbs and Seed, 1875b) and tryptophan aminotrans-
ferase ﬂStibbs and Seed, 1973, 1975a; Hall et al,
) 1981). The presence of similar transaminasés in

bloodstream form T.b. brucei has not been reported.

The presence of GPT and GOT in trypanosomes
has been widely reported. Glutamate pyruvate

transaminase was reported in T.b. brucei (Visser and

Opperdoes, 1980; Steiger et al, 1980; Godfrey and

Kilgour, 1973; 1976), T.b. gambiense and T.b. rho-
desiense (Godfrey ard Kilgour, 1876). Glutamate

oxaloacetate transaminase was reported in T.b. brucei

(Opperdoes et al, 1977a,b; Kilgour and CGodfrey, 1973,
Godfrey and Kilgour, 1373, 1976), T.b. gambiense and

T.b. rhodesiense (Godfrey and Kilgour, 18758), Thre

presence of other transaminases in the 7. brucei

sub-genera has not been invéstigatad.

1.4.2. Role of transaminases in trypancsomes

Proposals have been made on the roies of some

transaminases in trypanosomus, Stibbs and Seed,

(1973, 1975a) suggested that the catabolism of

tryptophan via transamination in bloodstream foum
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T.b. gambiense was linked to carbuhydrate metabolism

and was invnlvndlin the removal of pyruvate formed
from glycolysis by converting it to alanine.
Reynolds, (1975) has proposed that GPT and GOT in
bloodstream T. evansi - a parasite of camels could
be involved in coupled series of reactions leading
" to a transhydrogenation of MADH with NADP'. Both
NAD-1linked MDH and NADP-linked ME participate in

the reactions as shown below;

GPT :
Pyruvate + Glutamate ———= . -ketoglutarate + Alanine

GOT
«~-Ketoglutarate + Aspartate ——— Glutamate + 0Oxalo-
e acetate
!
; + NAD-linked MDH \
Oxaloacetate + NADH + H ot Fide AR Malate + NAD*

e

/

Balaty o NADp" WEFCMnked VE L o vate ¢ONADPH . o+ MY v Rl

- 2

The overall reaction would be as fcllows;

Aspartate + NADH + NADP' — pjanine « CO, + NAD" + NADPI

The NADPH generated by these reactions in the cytosol
of the trypanosome may be used in fatty acid syntliesis,
There is eviderce that bloodstream trypanosomes can
interconvert and desaturate fatty acids. Dixon et al,

(1971) reported that bluodatream forms of T.bxwrhndusi-
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gnse can interconvert and desaturate C1

5 and C18

fatty acids,

Other reactions capable of producing NADPH in
trypanosomes have been studied. In addition to NADP-
linked ME, Ryley, (1962) reported low activities
of glucose-6-phosphate dehydrogenase and NADP-linked

isocitrate dehydrogenase in bloodstream form T.b.

rhodesiense. Reynolde, (1375) reported low qctivities
of glucose-6-phosphate dehydrogenase, NADP-linked
jsocitrate dehydrogenase as well as NADP-linked ME in

loodstream form T. evansi. In both cases the

reported activity of NADP-linked ME was comparatively

higher than that of glucose-6-phosphate dehydro-

genase and NADP-linked isocitrate dehydrogenase.

A transhydrogenétion reaction as p;oposed by
Reynolds, (1975) in T. avansi may be present in

bloodstream fo.m T.b. brucei although conclusivc

studies have not been reported. In bloodstrean form

T.b. brucei, transhydrogenation may be an important

source of NADPH in view of the low activities of
other NADPH generating reactions. Mutharia, (1877)
reported low activity of GSPDH in bloodstream fo-m

T.b. brucei. The location of this enzyme in blood-

straam form T.b, brucei has not been investigated,

Opperdoes, et al, (1977b) reported low activity of

NADP-1linked isocitrate dehydrogenase in the mitochon-

—
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dria of bloodstream form E.b.‘brucei. A cytosolic
NAD-linked MDH h%s heen repbrted in bloodstream form
I.b. brucei (Opperdoes ot al, 1981, Falk et al, 1980).
Kilgour, (1880) and Klein gt al, (1975) reported the
prosenﬁp of NADP-linked ME in bloodstream form T.b

brucei. The localisation of the enzyme in the

'blnodstrean\trypomastigotes has not been reported.

1.5 SERUM ENZYMES IN TRYPANOSOMAL INFECTIONS

various studies have repbrted elevated levels
of transaminasgactivity in the serum of animals
infectg? with trypanosomes. Moon et al, (1968)
rep;rted elevated serum GPT and GOT in nice infected

with T.b. rhodesiense. Stibbs and Seed, (1976)

found elevated tyrosine aminotransferase in the serum

of Microtus montanus infected with T.b. éambiensa.

These authors proposed that the additional serum
iransaminases were from tHe trypanosomes. Boid, et al,
(1980) found elevated levels of GPT and GOT in

the serum of camels infected with T. evansi and
suggested that the additional GOT activity was both

of trypanosomal and host origin whereas the GPT was

of trypanosomal origin.

Goodwin and Guy, (1973) suggested that the rise
in serum GOT in rebbits infacted with T,b, brucei

was due to host cell necrosis. Lippi and Sebastiani,
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(1958) (quoted by Gray, 1863) proposed the ‘increase

.in serum GPT and GOT levels.in T.bh. brucei - infected

guinea pigs was due to lesion of the liver, myocard-
ipm, adrenal glands and nervous tissue. There is

no concensus on the explanation as to the origin of
additional serum transaminase activity during

. trypanosomal infections in animals.

1.6 PLASMA AMINO ACID LEVELS DURING TRYPANOSOMAL

INFECTIONS

The levels of free plasma amino acids are
altered during trypanoscmal infections. Newport
et al, "(1977) reported alteration of free plasma

amino acids in Microtus montanus infected with

T.b. gambiense. In that study the plasma levels

of threonine, serine,.glutamate, glycine, valine,
isoleucine, leucine, tyrosine and tryptophan were
depressed whereas levels aof proline and alanine
were elevated. Isoun and Isoun, (1978) reported
depressed levels of methionine, isoleucine, leucine,
tyrosine, tryptophan and phenylalanine and elevated
levels of serine, glutamate, glutamine, glycine,
alanine and proline in the plasma of rats infected

with T.b. brucei. The highest elevation was of

the amino acid alanine and the authors rroposed

that this was dus to the transamination of pyruvete



- an end product of glucose metaholism in the
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bloodstream forms of T.b. brucei.

1.7 PATHOGENICITY OF TRYPANOSOMES RELATED TO

AMINO ACID METABOLLISM

1.7.1. Depression of host amino acid levsle’

Tyrosine is an important précursor of the
catecholamines; . : .. dopamine,
adrenaline and norepirephrine. Reduction of serum
tyrosine during trypanosomal infections leads to
decreascd leﬁels of catecholamires in the infected
animal (Newtcn, 197€). Lowered catecholamine levels
in infected animals results in changes in activity
patterns, glycogen, lipid metabolism and mental
depression (Jouvet, 1é69). The reported reductién
in the levels cf tryptnphgn in the plasme of
trypanosome infected animals (Newport gt al, 15877,
Isoun and Isoun, 1978) could lead to decreased
synthesis of niacin and serotonin by the host lead-
ing to a pellagra-like syndrome, changes in sleaep

patterns and depression (Stibbs and Seed, 197%a),

1.7.2 End products and intermediates o amino

acid metabolism

One of the end products of tryptophancatabolism
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in trypanosomes is indoleethanol (tryptophol) (Stibbs
andlSeed. 1973; 1975a), There is evidence that
tryptophol can cause convulsions and death by respi-
ratory depression when injacted into mice, rats and
cats (Sabelli et al, 1909}. Tryptophol has also been
reported to cause immunodepression in laboratory
rodents (Ackerman and Seed, 1976). Seed and co-workers
(1978) showed that tryptophol rapidly lyses red blood
cells, and a similar action on synaptic membranes may

cause changes in the transmission of nerve impulses,.

Elevated levels o x=-keto acids are reported in
urine and blood of trypanosome-infected animals.
Grant and Fulton (1957) reported elevated levels of
pyruvate in the blood of rats infected with T.b. rho-
desiense. Hall and Seed, (1981) reported increased
excretion of aromatic =-keto acide, phenylpyruve;e,
p-hydfoxyphenylpyruvate.,indole-3-pyruvate, \

“indole-3-lactate and indole-3-acetate in the urine

of microtus montanus infected with T.b. gambiense.

The catabolism of methionine by bloodstream
form trypanosomes has not been investigated. Studies
have shown tha® methionine is one of the most toxicamino
acids. When in excess in the diet of mammals methio-
nine caused growth deprussion and tissue damage

(Harper ot al, 1970; Benavenga, 1974)., Two
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pathways.are known for the catabolism of methionine
in mammals, Tha.first is tﬁe transsulfuration

hath@ay (Gaull and Tallan, 1974, Steele and

Benevenga, 1978, Case and Benevenga, 1876) which

leads tq the formation of homocysteine, cystathionine
and cysteine. The second is the transamination |
pathway (Case and Benevenga, 1976; Mitchell and
Benevenga, 1978; Steele et al, 1973, Benevenga, et al;
41976; Benevenga and Steel, 1579; Steele and Benevenga,
1978) which leads to the formation of among other.
imtermediates 3-methylthiopropionate, methanethiol,
formaldehyde and hydrogen sulphide (Scheme IV).
Steele ,et al, (1979) observed that 3-methylthiopro-
pionate caused as much growth depressicn in rats as
methionine. Zieve et al, (1974) reported that in
rats. 0.5 uM methanethiol in blood is sufficient to
cause coma. Hydrogen'sulphide is toxic to animals

in small amounts by interfering with the cytochrome

.oxidase (Shy, 1978).

In host blood the substrates for the transamina-
tion of methionine are available and accessible for
metabolism by‘the infecting trypanosomes. Enhanced
catabolism of methionine via the transamination
pathway in trypanosomal infections could lead to

complications in host gsimilar to those observed in

.

muthionina poisoning.
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SCHEME V

e e

TRANSAMINATION PATHWAY OF METHIONINE CATABOLISM

(Benevenga and Steele, 1979)

Methionine
ketoacid :
: i x Transaminase
aminoacid e—
« -ke‘Eo-“-methiolbutyrate
CU2
. .L
3-methylthiopropionate
* wacrylate or propionate
likely products
Methanathiol
forﬁaldehyde hydrogen sulphide
\
/ \
¥
formate

/ 3
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Dehression,or elevation of host plasma amino
acid levels and accumulation of some of the end
products of amino acid metabolism may contribute to
the pathogenesis of trypancosomiasis. Phenyl-
pyruvate is a known inhbitor of adrenaline synthesis,
thus this «-keto acid may disrupt host metabolism.

In addition, the large quantity of éﬁergy rich carbon
skeletons lost in the urine should certainly repre-
.sent a large metapolic loss to the host during

periods of metabolic stress from infection,

3.8 AIM OF STUDY

The aims of this study were first to investi-
gate the possible roles of glutamate pyruvate
transaminase (G°T) and glutamate oxaloacetate

transaminase (GOT) in bloodstream for T.b. brucei.

The second aim was to investigate the origin of
additional GPT and GOT in plasma of rats infected
with T.b. brucei.

The third aim was tc carry out a survey of

aninotransferases in bloodstream form T.b. hrucei

with the hope of finding enzymes unique to these
-
organisms.
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CHAPTER 2

e ——— i« o .

MATERIALS AND METHODS

2.1 '~ DRGANISMS

Trypanosoma brucei stock designated (EATRO, 1969)

was used in this study. It was originally jisolated

from a female hyaena (Crocuta crocuta) in Serengeti

National Park, Tanzaniz in 1970, (Geigy gt al, 1971),
It was innoculated into rats an~d mice, collected and
frozen as a stabiliate. In 1978, it was cloned at
the International Centrz fer Insect Physiolegy and

Eé&log& (ICIPE), Kenya and proven to be infective to

Glossina morsitans (tsetsefly) and rodents.

2.2 ANIMALS

Sprague-Dawleyrats 4 - 5 months old weighing
250 - 300gm were used. The animals were housed,

given rat pellets and water ad libitum.

7.5 REAGENTS

The reagerts used in this study were of analar
grade. Thay wore obtained from; British Drug Houses

Ltd. Poole England, Sigma Chemical Company, St, Louis
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MO. U.S,A., E. Merck A.G. Darmstadt, West Germany

and Boehringer Manhaim GmbH, West Germany.

2.4 BUFFERS USED FOR MANIPULATION OF TRYPANOSOMES

Two phosphate buffers were used for trypancsome
isolation and incubation experiments. The first was
phosphate buffered saline containing 57 mM NazHPO4,_
3.36 mM NaH2P04, 43.7 mM NeCl and 30 mM D-glucose
(Hansen, 1978) adjustecd to pH 8 with NaOH and is
referrad to as PSG. The second buffer was phosphate
buffered saline containing 57 mM NaZHP04, 3.36 mM

NaH,P0, and 73.7 mM NaCl adjusted to pH 8 with NaOH
. »

2

and is referred to as PS. The buffers were stored

frozen at -20°C to avoid bacterial contamination.

2.4.1 Anticoagulant

A stock solution of 5% (w/v) sodium citrate was
prepared gither in 0.9% (w/v) NaCl, PS or PSG and

kept frozen at -20°C.

2.5 MAINTENANCE OF TRYPANOSOMES IN THE LABORATORY

2.5.1 Infection and Bleeding of Laboratory Animals

Rats were infected intraperitonealy with

approximately 197 trypanosomes in about 0.2 m] blood
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or PSG using a 1 ml disposahle syringe and a 25 gauge
hynodermic needle. The area of injection was wiped

with 720% (v/v) ethanol to prevent microbial infection.

The rats were bled on attainment of a pavasitemia
of over 10° trypanosomes/ml of tail blood, usually
" four days after infection. The animals were
anaesthetized with diethyl ether, The chest cavity
was opened to expose the heart which was then
punctured with an 18 gauge hypodermic needle'using a
10 ml plastic syringe containing 0.5 ml 5% (w/v)
sodium citrate as anticoagulant in PS or PSG. The
blood was sucked gently and pléced in 10 ml plastic
cen‘i:riﬁ:getubes, in ice.Ten millilitres of blood could

be obtained from a 257 gmrat.

2.5.2 Preparation of Parasite Stabilates

Parasite stabilates were prepared as described
by Brohn and Clarkson, (1978). Trypanosomes in PSG
or blood were mixed with an equal volume of 10%
glycerol (Q/V) in PSG., One millilitre volume of the
mixture was put into Nunc plastic vials with
screw-type caps and placed at 4°C for 30 minutes,
The vials were then placed in ice for 30 minutes
before being suspended over liquid nitrogen for
2 hours after which they were submerged into the

1iquid nitrogen and kept frozen at =196°C, When
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required, the stabilates were thawed at 309C and
motility of the parasites observed under a

microscope.

2.6 ISOLATION OF TRYPANDSOMES

Two methods were used to isolate trypanosomes
from infected blood; the diethylaminoethylcellulose

(DEAE - cellulose) anion exchanger method (Lanham and'

Godfrey, 1970) and the differential osmotic lysis
method (Njogu and Kiaira, 1982), The latter method

was fast and inexpensive.

2.6.1 *Preparation of DEAE-Cellulose for Trypanosome

Isolation K

Well-settled DEA% 52 cellulose (Sigma) powder
was sﬁspended in an equal volume of distilled water,
stirred thoroughly and left to settle for 30 minutes.
The 'fines’ were decanted off and the procedure
repeated three times using rfesh distilled water.
The anion exchanger was left overnight in distilled
water at 4°C. The water was decanted and replaced
with PSG at 4°C. The suspension was stirred thorou-
ghly and left tc settle for 30 minutes after which
the PSG was decanted. This procedure was repeated
three times. The pH of the equilibrated DEAE celluy-

lose suspension was 8. The final suspension ready



for use consisted of PSG : OEAE cellulose 1‘: 1

(v/v).

2.6.2 Isolation of Trypanosomes using DEAE 52

Cellulose

Infected rat blood was immediately centrifuged
at 500 x g at 4°c for 5 minutes. Three layers were
vieible. The top layer was of plasma. Below that
was a buffy coat containing trypanosomes mainly and
a few red blood cells and at the bottom was a pellezt
of red blocod cells and few trypanosomes.

» .

Using a nasteur pipette, the plasma layer was
removed. The trypanosome layer {approximately 1 ml)
was then carefully removed and placedon ice. his
was qonsidered a crude trypanosome preparaticn.

This procedure was necessary to exclude the bulk

of red blood cells.

A glass column of 1.3 cm internal diameter and
a height of 15 cm was plugged with glass wool at the
narrow end and a ‘'large pore’' Whatman filter paper
circle (diameter 1.3 cm) placed on the plug. Well-
stirred DEAE cellulose anion exchanger slurry in
pPSG was poured into the column to a height of 10 cm

and left to settle for at least 30 minutes at 4°C,
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The outlet at the bottom of the column was kept
closed to prevent formation of air-spaces in the

gel.

"After the gel had settled, the oQtlet at the
bottoh of the column was npened.and the level of
PSG brought down slowly tc just above the gel
surface. The outlet was then closed and the crude
trypanosome preparation applied on top of the gel.
The outlet was then cpened to allow the sample to
run into the gel. This was followed by application
of cold PSG Gp to a height of 15 cm. The flow rate
was about 1 drop/second. Smears were made on t¢lides
af réﬁular intervals to monitor parasite elution
from the column. The parasite eluate was collected
in a 250 ml erlenmeyer flask placed on ice urtil no
further parasites wegre evident in the eluate or

until red blood cells were detected.

The eluate was centrifuged at 1000 x g for 10
minutes in 10 ml centrifyge tubes at 46;. The
rasultanf trypanosome pellet was resuspended either

in fresh PSG or PS and kept on ice ready for use.

2.6.5 Isolation of Trypanosomas by Differential

“— o —

Dsmotic Lysis

Trypanosomes in the buffy coat (prepared as
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described above) were quickly suspended with gentle
stirring in hypotonic 1 mM sodium phosphate buffer
(pH 7.5) containing 0.3% (w/v) NaCl at 32%0. " \ThE

final volume of the suspension was 45‘mls.

After exactly three minutes, 5 mls of ten times
concentrated PSG 110 x PSG) pH 8 was added toc ihe
hypotonic buffer suspension. This reconstituted thé
hypotonic buffer to isotonic concentration. The
trypanosome suspension uas centrifuged at 1000 x g
for 10 minutes at 4°C. The pellet of pwrQ trypanc-
somes was washed three times by gentle resuepension
in fpesh PSG or PS and centrifugation at 1000 x g
for 10 minutes at 4°C. The final suspension was kept

on ice ready for use.

2.6.4 Counting of'Trypanosomes

Isolated trypanosomes were suspended in a
known volume of either PSG or PS buffer. A sample
of this suspension diluted 1:100 or 1:200 was applied
to a Neubaeur haemocytometer and trypanosomes
counted at 400 times magnification under a microscope.
The total number of trypanosomes obtained wes

calculated eccording to the following formulae,

Y x 104 y Dilution factor=Trypancsomes/ml of

original suspension,



Trypanosomes/ml of original suspension x Total.

volume of original suspension = Total number of

trypanosomes obtained, where;

'Y = Trypanosome count per y number of squares.
4

10" = Constant encompassing the volume and

depth of the counting chamber.

For routiae parasitemia checks in rats tail bicod
emears from the animals ware observed under a

microscopc at 400 times magnification.

2.7- RPEPARATION OF PLASMA

The rats were anaesthetized as described earlier.
A 10 ml plastic syringe attached to an 18 gauge i
hypodermic needle and containing 0.5 ml of 5% (w/v)
‘sodium citrate in 0.9% (ﬂ/V) NaCl was used to suck
blood gently from the heart. The blood was put into
10 ml plastic centrifuge tubes on ice and centrifuged
at 1000 x g for 10 minutes at 4°C. The plasma which
was contaminated by red bleod cells was carefully
removed and centrifuged at 10,000 x g for 20 minutes

at 4°C. The resulting supernatant was plasma free

from trypanosones and most blood cells.
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2.8 PREPARATION OF SERUM

| Rats were anaesthutized in diethyl ether and
the chest cavity opened to expose the heart. The
aorta was severed and the blood collected in 10 ml
plastic centrifuge tubes placed in ice. The blooa
was then kept at room temperature for four hours or
at 4°c overnight to allow separation of serum. The
serum was carefully withdrawn and centrifuged at
1,000 x g for 16 minutes at 4°C. ‘The supernatanf
was collected and sentrifuged at 10,000 x g feor 20
" minutes at 4?0. The resulting supernatant was serum

free from trypanosomes and most blood cells.

2.9 AERDBIC INCUBATIONS

Trypanosomes suspended in 1 ml of either FSG or
PS in 50 ml erlenmeyer flasks were placed in a

Dubnoff shaking metsbolic incubator set at 25°C and

a shaking speed of 5.

2.10 TERMINATION OF INCUBATIONS

Two methods were used to stop incubations,
before measurements of metabolites. In the first
mathod, an equal volume of ice-cold 14% (v/v) PCA
was added to the incubation mixture. The protein

prccipitute was removed by cantrifugation at
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1000 x g at a°c for 5 minutes. The resulting
supernatant was'neutralized with ice~cold 4N KOH.
Thie neutral protein-free @xtract‘was used for

metabqlite determination.

_ 16 the second method described by Bergemeyer
(1978), an equal volume of ice-cold 14% (v/v) PCA was
addéd to the incubation mixture. The protein
precipitate was removed by centrifugation at 1000 x
g at 4°c for 5 minutes. The resulting supernatant
was neutralized with an appropriate volume of ice-
cold 20% (w/v) K2HP04. The resulting potassium
psrchlurate precipitate was removed by centrifugation
as described above and the resulting supernatant used
for metabolite determination. This method was found
to be convenient when dealing with large numbers of .
samples since the ambunt of KZHPO4 required was
pre-determined therefore eliminating the danger of
exceeding the required ph. Furthermore, the
resulting final suparnatant was buffered betwean

pH 7.5 and 8.0, Dilution of the protein-free extracts

to suit various metabolite assays was made with

distilled water,

2.4 PAPER CHROMATOGRAPHY OF AMINO ACIOS

A susponsion of 2 x 108 trypanozomes ir 3 ml of

aither PSC or PS containing appropriate substrates



035

were incubated in 50 ml erlenmeyer flasks at 24°C

ir a Dubnoff shéking metabolic incubator.
Incubations were terminated by the addition of 6 mls
of 100% methanol (Williamson and Desowitz, 1961).
The lysates were centrifuged at 10,000 x g at 49C
for 10 minutes to remove cellular debris. The cleaf
methancl extract was e]aporated to dryness in a
rotavapor under vacuum at 60°C. After cooling, the
dry extract was dissolved in 0.5 ml 10%(v/v) aqueous
isopropanol. Samples of this extract were kept
frozen at -20°C until needed. Standard amino acids
were also dissolved in 10%{v/v) aqgueous isonropanol.

.

Samples of standard amino acid solution and
trypanosomal amino acid extracts were applied as
spots 3 cm from the edge of Whatman chromatography
papers (size 20 cm x*18 cm) with capillary glass
tubes and dried with a hair drier. The chromato-
graphy papers were folded into cylinders, stapled
and placed in 2 litre air-tight sweet jars contain-
ing 50 ml of solvent system. The sample spots
were about 2 cm above the level of the solvent. On
completion of chromatography, the solvent front was
marked and the paper cy'inder dried in an oven at
100°C for 10 minutes. The dry paper was then
with 0.2%(w/v) ninhydrin in 100% acetone and

sprayed
heated at 100°C for 6§ minutes in an oven., Purple

mlﬂ",’ as ”e x‘s"
Linany
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spots indicated the presence of amino acids (proline
appeared as a yellow spot)., These spots were immed-
jately circled with a pencil, and the Rf values

calculated.

Various solvent systems were used but those
céusing tailing were discarded. The best systems
resulting in optimum resolution were;y n-butanol:
acetone: diethylamine: HZU at ratios of 10:10:2:5

and n-butanol:methylethylketone:ammonia:H,0 at ratios

of 50:30:10:10.

Ihe.standard amino acids chosen were those
known to be found free in the parasite and those
which are found' to be elevated in the plasma of

Trypanosoma b. quceiinfected animals (Isoun and

Isoun, 1978).

214 FREEZE-THAWING OF TRYPANOSOMES

Trypanosomes suspensions in tightly capped
plastic vials were subjected to freezing in liquid
nitrogen for 20 minutes and thawed at 25°C. This
procedure was repeated for any number of freeze-

thawing cycles required. The lysates were then

centrifuged at 10,000 x g at 4°C for 20 minutes and

the resvlting supernatants used for enzyme assays.
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2+13 TREATMENT OF TRYPANDSOMES WITH DETERGENTS

Two detergents were usad. Stoék solutions of
2%(v/y) Triton X =100 in water and 0.75%(w/v) Digitonin
in absolute ethanol were made. Appropriate volumes
of theée detergent solutions were added Lo trypano-
some suspensions in PSG or PS to achieve the required
concentrations. The trypanosome suspensions contain-
ing detergent were agitated gently and incubated at
250¢ for 10 minutes. Incubations were terminated by
centr1fuaat10n at 10,000 g for 20 minutes at 4°C.

The resulting supernatants were used for enzyme

assays.

2.14 SONICATION OF TRYPANOSOMES

Trypanosomas~suspensions in PSG or PS were
sonicated with a Branson Sonifier (Model W185) with
an output of B0 watts for the required time in icei
The lysates were centrifuged at 10,000 x g at 4%

for 10 minutes and the supernatants used for enzyme

assays.

2,45  HORIZONTAL STARCH GEL ELECTROPHORESIS OF RAT

SERUM _AND TRYPANDSOMAL LYSATES

Rat sorum wes prepared as described sarlier.
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EDTA and Dithiothreitol dissolved in distilléd watep
was added to a final concentration of 1 mM, Trypa-
nosome pellets were resuspended in a solution of 1 WM
EOTA and 2 mM Dithiothreitol for 10 minutes, Théy
were then freeze-thawed once and the lysate centrifuged
at 10,000 x g at 4°C for 30 minutes. The resuiting
supernatant and the serum were frozen in liquid
nitrogen in convenient amounts and thawed when needed,
(Kilgour and Codfrey, 1973; Godfrey and Kilgour, 1978,
Gibson et a2l, 1978; Kilgour et al, 1975),

Two pairs of buffers were used in the etarch
gel electrophoresis of giutamate Pyruvate transaminase
(GPT) ;nd glutamate oxaloacetate transaminase (;oT7),
The first pair consisted of glycine and NaOH and was
used for the electrophoresis of GOT. The tank buffer
contained 0.15 M glycine and 0.06 M NaOH (pH 9.5) and
the gel buffer contained 0.015 M glycine and 0.006 M
NaOH (pH 9.5) Miles et al, 1977). The second pair of
buffers consisted of Tris and citric acid and was usad
for the electrophoresis of GPT. The tank buffer
contained 0.15 M Tris and 1.0075 M citrate (pH 9) and
the gel buffer contained 0.015 M Tris and 0,00075 M
citrate (pH 9) (Miles et al, 1977). The starch gel
was made as described by Smithies (1955, 1959), a
suspension of 12%(w/v) hydrolysed starch (Smithies)

in gel buffer was hested and the heot gel
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de-gassed under vacuum. The hot gel was then poured
onto a glass plate containing a trough of dimensions
10 em x 29 cm to a depth of 2.5 mm, covered and left
to cool to room temperature for 15 minutes. The gel

was ready for use after being kept at 4°C for 30

minuteé.

One centimetre long slots were made in the
gel, 4 cm from the cathode end. Samples were appliad
to the slots by placing boiled cotton threads soaked
in th» appropriate samples (Kilgour et al, 1976;
Kilgour et al, 1874, Gibson et al, 1978, Kilgour
and Godfrey, 1973). The gel was then placed in a
Shénddﬁ electrophoresis tank containing the
appropriate tank buffer. The electrophoresis was
run at 4°C for 4 hours at a constant voltage of

17 volts/cm and 8 mA. Flannel soaked in tank buffer

was used to complete tne electric circuit.

Both GOT and GFT activities were developed in
0.1 M sodium phosphate buffer (pH 7.4). For GPT
development the coenzyms used was N.7 mM NADH and
substrates were 1 m" « -ketoglutarate and 22.5 mM L-

Alanine. The linking enzyme was 15 I.U/ml LDH in

50% glycerol. For GOT development the coenzyme

used was 0.7 mM NADH and the substrates were

1 mM «-ketoglutarate and 31.5 mM L-Aspartate. The

linking enzyme was 15 1.U/ml MDH in 50% glycereol,
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These reagents were mixed in 5 ml of the phosphate
buffer and eppléed on a whatman number 1 filter
paper and the wet paper placed on top of the gel.

A dry filter paper was applied on top of the wet
filtaf paper to remove excess déveloper buffer. A
heavy glass slab was nlaced on top of the gel which

was incubated at 379C for 40 minutes.

After incubation, the wet filter paper was
observed under ultra violet light. Areas of BNZYme
activity appeared as dark spots against a bright
background. These areas were marked and the filter

paper kept for record.
- »

After staining for enzyme activity, the gel
was submerged in 0.05%(w/v) coomasie blue in 7%(v/v)
acetic acid and incubated at 25°C for 40 minutes.
The gel was then rinsed once in 7%(v/v) acetic acid

and observed. Protein containing areas were

stained cark blue.

2.16 SURVEY OF AMINOTRANSFERASES IN BLOODSTREAM

T. BRUCEI

8
trypanosomes/ml

In these experiments 2 x 10
in PS were freeze-thawed once and centrifuged at

10,000 x g for 10 minutes at 4°C. The resulting
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supernatant was used in incubations. -NBUtFalized
c-ketoglutarete'and L-aming acids were added to the
supernatant to a final concentration of 10 mM., All
solutions were freshly prepared. The lysates were
incubated at 25°C for 1 hour iﬁ a Dubnoff shaking
metabdlic incubator in test-tubes. Incubations were
terminated as described in Materials and Methods

section 2.10. -The amount of L-glutamate produced

per hour was taken to be a measure of transaminase

activity.

2:.17 SUBSTRATE AND ENZYME ASSAYS

*

All assaye depended on reactions which could
be followed spectrophotometrically by measuring the
decreased or increased absorbance of pyridine

nucleotides at 340 nm either on a Pye Unicam SP

1800 spectrophotometar coupled to a Pye Unicam SP 22

recorder or a Perkin Elmer recorder at 25°C using

cuvettes of 1 cm light path.

Duriﬁg determination of enzyme activities, the
assay mixture usually contained the enzyme but not

the substrate and was incubated for 2 - 3 minutes in

the cell compartment to estimate endogenous activity

before initiating the reaction being assayed by

addition of substrate. Reactions were followed for

2 - 5 minutes and the enzyme amounts were selected
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to give significant reaction rates.

During the determination of metabolites, the

assay mixture usually contained the metabolite but

not the enzyme which was added later to start the
reaction. There was a blank containing all additions

except the metabolite,

An extinction coefficient of 6.23 x 10”8 per
mole of NADH used or gernerated was used in all
determinations at 340 nm. The concentration of the
metabolites in each sample assayed was estimated

using the following formula (Bergemeyer, 1974);
- *

o AE Y
6.23 '}
where C = Concenfration of respective metabolite

in uymoles/nl sample.
AE = Change in aéscrbance during the assay
due to the presence of volume v of
sample in a cuvette containing final

volume V of assay mixture.

2:37.1 Substrate Assays

All substrate gxceot L-Alanine were assayed as

described by Bergemeyer (1974) in "Methods of
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Enzymatic Analysis”
(a) D-Glucose |

D-fBlucose was assayed in a system contéining
255 mM triethanolamine-HC1 buffer (ol 7551, 2,58 18
MgS0,, 10.2 mM ATP, 0.82 mM NADP", 4.. I.U/ml
glucose-S—phosphate dehydrogenase (G6PDH) and
1.5 I U/ml hexokinase (HK). The assays were based
non the increase in absorbance at 340 nm as NADP* was

reduced. The reaction was started with ATP, The

sequence of reactions in the essay is shown below:

34 ADP g 3
M NADP NA -

p-glucose * ATP £ DPH+H

' 3y op 6-phophoglu-

G6PDH PRAEAN

conolactone

The reaction mixture was incubated for 20 minutes at

25°C.

(b) L-Glutamate

L- flutamate was assayed in a system containing

290 mM glycine - 232 mM hydrazine buffer (pH 8),

0.97 mM ADP 1.6 mM wADY; 4.5 I.U/ml glutamate

dehydrogenase (GLOM) free from ammonium ions)

was used to start the reaction, The assay was based
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' on the increase in absorbance at 340 nm as NAD® was
reduced. The reaction mixture was incubated for

: 0 . .
60 minutes at 25 C. The reaction was as follows;,

AP

P

+
L~g1utémate + NAD" + H,0 & «-ketoglutarate + NH
GLOH + NADH

&+

4

iga)s Repuvaks

Pyruvate was assayed in A system containing
477 mM triethanolamine-HC1 buffer (pH 7.6), 4.8 mM
EDTA, 0.12 mM NADH and 2.75 1,U/ml lactate dehydro-
génage (LDH) was used to start the reaction. The
. assay was based on the decrease in absorbance at

340 nm as NADH was oxidised. The reaction mixture

was incubated for S‘minutes at 25°C. The reaction

was as follcws)

- + LDH
Pyruvate * NADH + H  —= Lactate + NAD*

(d) « ~-KETOGLUTARATE

« -Ketoglutarate was assayed in a system

mtaining 15‘|U/V) wdu 0.1 mM NADH and 1.8 I.U/ml

glutemate dehydrogenass in 2 M (NH,)>S50, was used

to stert the reaction, The assay was based on the



decrease in absorbance at 340 nm as NADH was
oxidised. The reaction mixture was incubated for

20 minutes at 259¢, The reaction was as follows:

GLOH
«-ketoglutarate * NHZ # NADH —= L-glutamate + NAD ™
+ HZU

(e) L-Aspartate

L-Aspartate was assayed in a system contaiiing

61.5 mM sodium phosphate buffer (pH 7.2), 0.18 mM

NADH, 3 mm =-ketoglutarate, 17 I.U/ml malate dehydro-

genase (MDH) and 2.5 I.U/ml glutamate oxaloacelate

transaminase (50T) was used to stert the reaction.

The assay was based on the decrease in absorbance at

340 nm as NADH was oxidised, The reaction mixture

was incubated for 30, minutes at 25°C. The sequence

of reactions in the assay was as follows;

GOT

toglqtarate \ Oxaloacetate +

L-Aspartate * « -ke
‘L-glutamate

NADH+H'
MOH

NAD®

Malate
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(f) -L-Malate

L-Malate was assayed in a system containing 340
mi glycine - 430 mM hydrazine buffer (pH 10) 2.75
mM NAD® and 1.3 I U/ml malate dehydrogenase (MDH)
was used to start the reaction. The assay was based
on the increase in absorbance at 340 nm as NAD" was
reduced. The reaction mixture was incubated for

60 minutes at 25°C. The reaction was as follows;

MOH
L-Malate + NAD® === Oxaloacetate + NADH + H'

-_—

(g) L-Alanine

»

L-Alanine was essayed as described by Olembo

(1988) in a system containing 92 mM glycine-770 mM
hydrazine buffer (pH 10) 0.74 mM NAD' and 0.38 I.U/

ml alanine dehydrogenase (ADH) free from anmonium

jons was used to start the reaction. The assav wace

based on the increase in abqorbence at 340 nm as

NAD' was reduced. The reaction mixture was ircubated

for 60 minutes at 25°C. The reaction in the assay

mixture was as followes

ADH
L-Alanine * NAD " + Hzﬂ e pyrevais ¢ NADH + NH;
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2,17.2.:  Enzyme Assays

All enzyme assays warelperformed at 25°C. The
assays were based on the change in absorbance at
340 nm as either NADH was nxidised or NAD" (NADP™)
was peduced. The assay mixtures were incubated for

2 - 3 minutes tec allow completion of endogenous

reactions before the reactions were started.

(a) «-Glycerol Phosphzte Dehydrogenase (EC 1.1.1.8)

This enzyme was assayed as described by Opperd:

S of nl, A1827a)k;  The assay mixture ccntained

- " g
50 mM sodium phosphate buffer (pH 7.2), 1 mM EDTA,
0.15 mM NADH and 0.5 mM dihydroxyacetone phosphate

was used to start the reaction.

Glucose-6-Phosphate Dehydrogenase (EC 1.%.1.49)

(b)

This enzyme was assayed as described by

Bergemayer.(1974). The assay mixture contained 86

mM triethanolamine - HC1 buffer (pH 7.6) 6.9 mM

MgCl,, 0.39 mM NADP' and 1 mM glucose-6-phosphate

was used to start the reaction,

(c) actate Dehydrogenase (EC $.1,1.27)

—

This enzyme was assayed as described by
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Bergemeyer (1974) . Thes assay mixture contained 48
mM potassium phosphate buffer LaH7 384y Tl 8 ‘mM
NADH and 0.6 mM pyruvate was used to start the

reaction.

(d) Pyruvate Kinase (EC 247:1.40)

This enzyme was assayed as described by

Bergemeyer (1974). The assay mixture contained 85.8

mM triethanolamine-HCi buffer (pH 7.6), 2.5 mM
Mg504 10 mM KC1, 4.7 M ADP, C.2 mM NADH, 8.2 1,1/

ml lactate dehydrogenase and 0.54 mM phosphoenol

pyruvate was used to start the reaction.
< »

(e) Glutamate Pyruvate Transaminase (EC 2.6.1.2)

This enzyme was. assayed as described by

Bergemeyer (1974) «» The essay mixture contained

80 mM potassium phosphate buffer (pH 7.4) 800 mM | -

alanine, 0.18 mM NADH and 3.7 I.U/ml lactate dehydro-

genase. The reaction was started with 18 mM

« -ketoglutarate.

oacetate Transaminase (EC 2.6.1.1)

(f) Glutamate Oxal

This enzymo was assayed as described by

Bergemeyer (1974). The assay mixture containad 80

mM potassium phosphate buffer (pH 7.4), 200 =N
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L-aspartate, 0.18 mM NADH, 7.5 IJU/ml malate
dehydrogenase and 3.7 1.U/ml lactate dehydrogenase.

The reaction was started with 12 mM «-ketoglutarate.

(g) NAD-Linked Malate Dehydrogenase fEL 1 Tl 371

This enzyme was assayed as described by

Bergemeyer [1974j. The assay mixture contained 94.6 .

mM sodium phosphate buffer (pH 7.5) and 0.2 mM NADH.

The reaction was started with 0.5 mM oxaloacetate.

(h) NADP -Linked Melic Enzyms (EC 1.1.1.40)
This enzyme was assayed as descriied by Hoek

et al (1976). The assay mixture contained 85 mM

Tris-HC1 buffer (pH 7.4), 5 mM MgCl, and 50 uM

NaDP'. The reaction'was started with 2 mM L-malate.
2.18 DETERMINATION OF PROTEIN
Protein was determined by the method of Lowry

and Rosebarough (1951). Protein was precipitated

from samples with 53 (w/v) trichloroacetic acid.

After ccntrifugation at 1000 x g for 5 minutes, the

clear .upernatant was discarded and the pellet

resuspended in diethyl ether.
d at 1000 x § for 5 minutes and the ether

The suspension was

cantrifuge
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discarded. The resulting pellet was then dissolved

in 1 ml 7%(w/v) NaOH.

Sample protein solutions were diluted so that
the final protein concentration was between 30 - 71
ug per 3.0 mls. A standard protein curve was cons-
tructed using bovine serum albumin fraction V
obtained from Sigma Chemical Company. The optical
sity of colour developed was read at 750 nm

den

using a Pye Unicaﬁ'SP 1800 spectrophotometer.
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CHAPTER 3

LOCALISATION OF SOME TRYPANOSOMAL ENZYMES BY USE OF

DETERGENTS AND FREEZE-THAWING RELEASE METHODS

The pattern of release of glutamate pyruvate
f
transaminase, glutamate oxaloacetate transaminase,

NAD-linked malate dehydrogenase, NADP-linked malic

enzyme, glucosevs—phosphate dehydrogenase and

¢~g1ycerophosphate dehydrogenase from isolated

trypancsomes in PSG by increasing detergent councen-

trations and freeze-thawing cycles was investigaoted.

The detergents used were Triton X -100 and Digitonin.

Tﬂese experiments were performed to ascertain the

activities and intracellular localisation of these

gnzymes in bloodstream form T.b.brucei.

¢-Glycer0phosphate dehydrogenase was used as a

marker for the glycosome and GPT as a marker for

the cytosol.

3.1 RELEASE OF GPT, GOT, NAD-LINKED MOH AND «-GPDH

BLNODSTREAM FORM T.b. BRUCEI BY TRITON X-100

Results presonted in figure 1 show that

increasing concentrations of TritonX ~100 gradually

released GPT. g0T, NAD-linked MOH and «-=GPDH from

the trypanosomes. The release of «-GPDH activity
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Relsase of GPT, GOT, NAD-1linked MOH and

* -GFDH from bloodstream form T.b. brucei by Triton

X-100, Intact trypanosomes (cell density 108/m1)
in PSG were incubated at 25°C for 10 minutes with
Triton X -100 concentraticns ranging from 0 to 0.1% R {

(v/v). Incubatiqns were terminated by centrifuga- ‘i

tion at 10,000 g for 10 minutes at 4°C and enzymes
assayed in the supernatants. The results shown are
an average of four'individual experiments. Total
enzyme activity was taken to bn_the enzyme activity'

relzased by 0.07% Triton X-100.

Total enzyme activities;

GPT ' 0.52640.032 ymoles/min/mg protein '
GoT 0.075%0.009 .
NAD-Linked MOH 0.140 % 0,022 -
«-GPOH 0.495 + 0,076 ;
GPT OO
GOT -O= —O-
NAD-Linked MOH iier & P

«-GPOH - —b
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required higher concantrations‘o$ Triton %=100 than
the other enzymes. The results show that 0.04%
Triton X-100 was sufficient to release maximum
activities of GPT, GOT and NAD-linked MDH whereas
max imum = -GPIH activity wae released by 0.07%
Triton X-100. The maximum enzyme activities relea-
sed were GPT, 0.526(20,032), 60T, 0.075(20,009),
NAD—linkeq MDH, 0.140(£0.022) and «-GPDH, 0.490

(£0.070) umoles/min/mg protein respectively.

There were measurable enzyme éctivities in
supernatants derived from:trypanosome suspensions in
PSG without detergent. This was taken to be enzyme
leékage from’gamaged trypanosomes in PSG. The
percent enzyﬁe activily attributed to leakage from
trypanosomes suspended in PSG alone when-compared
to maximal activitigs in Triton X -190 were; GPT, 10%
(£2.04); GOT, 13%(22.76); NAD-linked MDH, 9.5%(£2,2)
and « -GPDH, 3%(%1.00),

The results presented show that GOT and NAD-
linked MDH were released in the same pattern as GPT.
« -Glycerophosphate dehydrogenase was released in a

unique pattern,




3,2 RELEASE OF GPT, NADP-LINKED ME, GBPDH AND «GPDH

~

FROM BLOODSTREAM FORM T.b., BRUCEI BY TRITON

X-100

Results preéented in figure 2 show much
semblance to those in figure 1 excepf that in thig -
experiment NADP-linked ME and G6PDH were studied in
addition to GPT and «-GPDH. All the enzymes were |
gradually released from the trypanosomes by increas;

ing Triton X-100 concentrations.

Maximal activities of GPT, NADP-linked ME and

 G6PDH were released py 0.04% Triton X-100. Maximal

activity of =-GPDH was released by 0.07% Triton
X-100, ’ThalmaXimum enzyme activities released were;
GPT, 0.51(£0.055); NADP-linked ME, 0.012(£0,0029),
G6PDH, 0.012(£0.003) and «-GPDH, N.485(£0,031)

pmoles/min/mg protein respectively.

As observed in section 3.1, there were
maasurabla'enzyma activities in supernatants derived

from trypanosome suspensions in PSG without deter-

gent. By comparison to the maximum activities obtained

with Triton X -100, the percentage of enzyme activity
attributed to leakage in PSG alone were; GPT, 12%
(£3.20); NADP-linked ME, 6%(20,95), GEPDH, 98%(22.85)
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Figure.g

Release of GPT, NADP-linked ME, GGPDH and

« ~-GPDH from bloodstream form T.b. brucei by Triton

X-100. Intact trypanosomes (cell density 5x108/m1)
in PSG were incubated at 25°C for 10 minutes with
Triton % -100 concentrations ranging from 0 to 0.1%
(v/v). 1Incubations were terminated by centrifuga-
tion at 10,000 g for 10 minutes at 4°C and enzymes
assayed in the supernatants. The results shown are
an average of four individual experiments. Total
enzyme activity was taken to be the enzyme activity

released by 0.07% Triton X -100."

Total enzyme activities;

GPT 0.51040.055 uymoles/min/mg protein
NADP-1inked ME 0.012+0,0029 2
GARPNH 0.012 +0.0029 o
« -GFDH 0.455+0.031 -2
GPT PRI AT
GEPDH WL T

NADP-Linked ME «.g@g «ecw=-@-
« ~-GPDH i G
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Glucose-6-phosphate dehydrogenase was released
in the same pattern as GPT, Between 0% and 0.03%
Triton X =100 concentration, the patterﬁ of* releass
of NADP-linked ME activity fell between that of GPT
and = -GPDH. There was slight inhibition of NADP -
linked ME activity at h{gh Triton'’X =100 concentrations.
The activity of NADP-1inked ME obtained with 0.1%
Triton X--100 was approximately 90% of that obtained

with 0.04% Triton X -100.

3.3.  RELEASE OF TRYPANOSOMAL ENZYMES BY UIGITONIN

To obtain more information on the localisation
of glutamaté’oxaloacetate transaminasse, NAD-linkéd
malate’dahydrogenase, NADP-linked malic enzyme and
glucose-ﬁ-phosphate dehydrogenase in bloodstream

form T.b. brucei, .the detergent-Digitonin, which has

a different and dist{nct mode of action of binding
to cholesterol in biological membranes was used to
release these enzymes from trypanosomes. «-Glycero-
phosphaté dehydrogenase was used as a marker for the

glycosome and GPT as a marker for the cytosol.

3.3.1 Release of GPT, GOT, NAD-linked MDH and = -GPDH

From Bloodstream form T.b. Brucei by Digitonin

Results presented in figure 3 show that increa-

sing Digitonin concentrations gradually released




Eigure g

Release of GPT, GOT, NAD-linked MDH and

« -GPDH from bloodstream T.b. brucei by Digitoninf
Intact trypanosomes (cell density 108/mll in
PSG were incubated at 25°C for 10 minutes with
fDigitonin concentrations ranging from 0 to 280 ug/
bml. Incubations were terminated by centrifugation
at 10,000 g for 10 minutes at 4°C and enzymes
assayed in the supernatants. Total enzyme activity
was taken to be the enzyme activity released by
0.97% Triton X-100 (Figure 1).. Results’shown are

average values of four individual experiments.

GPT el
GOT S, NN -
NAD-linked MDH ..@---- - --@-
« - GPDH i
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GPT, GOT, NAD-linked MOH and «-GPDH from isolatad

‘bloodstream T.b. brucei in PSG.

Maximal activities of GPT, GOT and NAD-linked
MDH were released'by 140 ug Digitonin/1oacells. At
the maximum concentration of Digitonin used (280 ng/

108

cells) maximal activity of = -GPDH was not released,
At this Digitonin cecncentration, 28% of «-GPDH
activity waé released whereas 90% of GPT, 91% of

GOT and 110% of NAD-linked MDH was released. Befweeg
0 and 120 upg Digitonin/108cells, the release of
«-GPDH was not significant. However above 160 ug
Digitonin/1OBcells, the release of = -GPDH was
significant«

There was a clear contrast between the pattern
of release of the three enzymes, GPT, GOT and NAD-
linked MDH which rquired low Digitonin concentrations
as comparéd to the rclease of «-GPDH which required
high digitopin concentrations. The pattern of relea-

se of these enzymes by Digitonin show similarity to

the results obtained using Triton X-100 (Figure 1).

3.3.2. Release of GPT, NADP-linked ME, GEPDH ande-GPDH

from Bloodstream form T.b. brucei by Digitonin

Results presented in figure 4 show that increa-

sing Digitonin concentrations gradually released GPT,




k:Figure 4

Release of GPT, NADP-linked ME, GBPDH and

« -GPDH from bloodstream‘Form T bfucei by

Digitonin. Intact trypanosomes (cell density 5x108/

" ml) in PSG were incubated at 25°C for 10 minutes

with Digitenin concentrations ranging from 0 to

280 pg/ml. Incubations were terminated by centri-

?ugation at 10,000 g for 10 minutes at 4°C and

8nzymes assayed in the supernatants. Total enzyme

activity was taken to be the enzyme activity relea-

ced by 0.07% Triton X-100 (Figure 2). Results

6hown are average values of four individual experimgnts.

GPT

G6PDH
NADP-1linked ME
«-GPDH
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NADP-1linked ME, GBPDH and =-GPOH from bloodstream

T.b., brucei in PSG. These results show much simila-

rity to those presented in Figure 3 except that the
release of GBPNH and NADP-linked ME was investigated
in addition to that of GPT and «-CPOH, Dus to the
low activities of NADP-linked ME and GAPDH obtained
in preliminary studies, the trypanosoﬁé density was
increased from 108/m1 to 5x10%/ml so as to obtain

reasonable activities of these enzymes.

Maximal activities of GPT and GEPDH were
btained with 170 ug Digitonin/5x10° cells. Maximal
; activity of NADP-linked ME was released by 226 ug
ﬁigitonin. The maximum concentration of Digitonin used
(280 ug;§x108081183 did nof release maximal activity of
«-GPDH as determined by use of N0.07% Triton X-100. At
this Digitonin concentrations, 18% «-GPDH activity was
reieased whereas 94% of GPT, 75% of G6PDH and 68% of
NADP-linked_ME was released. Significant activity of¥
«-GPDH was only released by Digitonin concentrations

above 200 ug/Sx10° cells.

Glucoss-s-phosphate dehydrogenase was released
in a pattern similar to that of GPT., The pattern of
NADP-linked ME release fell between tha* of GPT
and «-GPDH which was released at high Digitonin

concentrations. These results are comparable tc



those obtained with Triton X%-100 (Figure 2) in this |

study.

Results presented in figures 3 and 4 show that
when the trypanosome density was increased, higher
Digitonin concentrations were required to release
.anzyﬁes from the parasites. ‘When the cell density
was 108fm1, 140 ug Digitonin/ml was requibed to
release maximal activity oF'GPT whereas when the cell
density was 5x10 /ml, 170 ug Digitonin /ml was
required. Similarly when the cell density was 10%/m1;
28% of «-GPDH activity was released by 280 ug Digi~
tonin/ml. This Dlgitonln concentratlon released only
15% of «-GPOH activity when the cell den51ty was

increased to 5x10 /ml.

3.4 Relzase of Trypancsomal Enzymes by Frecze-Thawing

To complement the results obtained with Triton
X-100 aﬁd pigitonin on the location of GOT, NADP—
linked ME, NAD-linked MDH and GGPODH in bloodstream

T.b. brucei, a mechanical procedure - freeze-thawing

was used to release the enzymes from trypanosomas.
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N A 1 Release of GPT, GOT, NAD-linked MOH and «-GppH

from Bloodstream T.b. brucei by Freeze-thawing

Results presented in Figure 5 show that 2 cyéles”
of‘freeze-thawing rapidly released the maximal
activities of GPT, GOT and NAD-linked MDH from the
trypanosﬁmes. Onec freeze-thawing cycle feleased
above 60% of the activities of CGPT, GOT and NAD-
linked MOH whereas only 16% of «-GPDH activity was
released. The maximal enzyme activities released
by freeze-thawing were; BPT, . 73%s. GOT, B8U%:
NAD-linked MDH, 118% and «-GPDH, 53%. Seven freeze-
thawing cycles were required to release the maximal

' activity ok/;-GPDH. The release of «-GPDH by freeze-
thawin;;waé gradual unlike the release of GPT, GOT
and NAﬁ linked MDH which was rapid.

" The release of GOT and NAD-linked MDH followed
a pattern similar to that of GPT. These results
are comparable to those obtained with Triten X -100
(Figure 1) and Digitonin (Figure 3).

3.4.2. Release of GPT, NADP-linked ME, G6PDH and

«-GPPH from Bloodstream T b. brucei by

freeze-thawing

Results presented in Figure & show that 2

freeze-thawing cycles released maximal activities of




} -GPDH from bloodstream form T, h brucei by

Ai"raaze -thawing. Intact trypanosomes (cell density

‘_1D8/m1) in PSG were subjected to freeze-thawing by
v:freezing in liquid nitorgen for 20 minutes and
thawing at 25°C.  The suspension were then centfifd-
 ‘géd at 10,000 x g for 10 minutés at 4°C and enzymes‘
T‘assayed in the supernatants. Total.énZyme activity
s ;aa-tdken to be the enzyme activity released by

0.07% Triton X-100 (Figure 1). Results presented

. GPT el
GOT O— — —0-

NAD-linked MDH  -@------@-
#~GPDH b
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GPT, NADP-linked ME and GG6PDH. GSeven freeze-thawing
cycles were required to release maximal sctivity of
« -GPDH from trypanosomes. These results are

comparable to those obtained for the release of GOT

and NAD-1inked MDH (Figure 5).

One freeze-thawing cycle released above 65% of
the activities of GPT, NADP-linked ME and GBPDH but
only 17% of « -GPDH activity was released, The maximal

enzyme activities released by freeze-thawing were;

GPT, 73%; NADP-linked ME, 105%; GEPDH, 80% and

« -GPDH, 54%.

e

The results presented here are different from

' those obtained with Triton.x~100 (Figure 2) and

Digitonin (Figure 4) where the pattern of NADP-
linked ME release fell between that of GPT and «-

‘GPDH. Freeze-thawing released NADP-linked ME from

ti1ypanosomes in a pattern similar to that obtained fon
GPT. Glupdsa-s—phosphate dehydrogenase was released

in a pattern similar toc that of GPT.



DISCUSSION

Biological membranes are composed of proteins
and lipids The lipid component consists of phospho-
lipids and cholesterol. Phospholipid tails contrib-
ute a continous non-polér hydrocarbon core to the
- membrane (Singer and Nicolson, 1972). Biological
membranes are physical barriers separating the aqueous
compartments with diFFerent'solute composition.
Usually the movement of polar molecules through biolo-
- gical membranes is via specific carrier pro£ein5
situatad withiq the membrane. The selective permea-
bility of the biologicél membranes can be abolished
artificially by disrupting the arrangement of the
mambra;e components.

Triton X-100 @ non-ionic detergent solubilizes
" hydrophobic moieties ir biological membranes. Digi-
tonin binds to and removes cholesterol residues from
biological membranes. Freeze-thawing causes mechan-
ical damige to the membranes. These procedures
disrupt the integrity of a biological membrane

making it pe:maable to molecules non-selectively.

An enzymn enclosed by more than one membrane in
.
an organism would require higher detergent concentra-

tions or more cycles of freeze-thawing to release



than one enclosed by only one membrane or w1t51n a8
membrane. An enzyme located inside a small vesicle
would be Qspacially difficult to release by the
freeze-thawing procedure (Hayashi et al, 1971, Muller,

1973),

In bloodstream form T.b. brucei, «-glycerophos-
phate dehydrogenase is glycosomal poperdoes et al,
1977(a);—1980; 1984) and glutamate pyruvate.trénsa~ :
minase is cytoselic (Steiger et al, 1980, Visser. and
Dppe ~does, 1980). The pattern of releasc of glute-
ma£e oxaloacetate transaminase and NAD-linked malate.
dehydrogenase in this study by Freeze-thawlng,
Digitonln and Triton X -100 was similar to that of
GPT 1ndlcating that these enzymes are cytosolic in

bloodstream form T.b. bruce1. This was in agreement

with the results of other authors in this field. A

cytosolic GOT in biuodstream form T.b. brucei has
been reported by Opperdoes and co-workers (1975),
Opperdoes et _al et al, (1881) have reported a cytosolic
NAD-1linked MDH in bloodstream T.b. brucei.

During the present study, no literature was
available on the location of NADP-linked malic
‘nzyme and glucolc-ﬁ-phosphata dehydrogenase in

bloodstream form T.b. brucei. Klein and co-workers

(1a75) have reported a cytosolic NADP-linked ME in

T.b. brucei procyclics. Thav did not investigate the




location of this enzyme in bloodstream forms. In

'T. cruzi epimastigotes, NADP-linked ME is béth
cytosolic and mitochondrial and is inhibited by high
Digitonin concentrations (Cannata, 1984). The

bloodstream T.b. brucei NADP-linked ME reported here

was not inhibited by the Digitonin concentrations
used but was inhibited significantly by 0.1% Triton
X-100. jhe pattern of NADP-linked ME release from
trypanosomes by Digitonin and Triton X'-100 fell
betwéen that of cytosolic and glycosomal enzymes.'
However, the pattern in which the NADP-linlked ME was
irgleased by freeze-thawing suggested that the enzyme
" is cytosolic. Since a mitochondrial marker was not
use& in this/;tudy, the localisation of this enzyme

in bloodstream form T.b. brucei could not be deter-

mined conclusively. If the enzyme is located inside

a large organelle lfke the promitochondrion, it would
be resistant to release by detergents as observed

for glycosomal enzymes but easily released by freeze-
thawing as observed for cytosolic enzymes. 1In

bloodstream from T.b. brucei NADP-linked ME is most

likely located in the promitochondrion. and cytosol,

-

Glucoaa-ﬁ-phosphata dehydrogenase has been assayed
in.bloodatream trypanosomes. Ryley (1962) found a
G6PDH activity of 0.0070-0.0168 ymoles/min/mg/ protein

in bloodstream form T.rhodesiense homogenatos,

Rey nolds (1975) found a GOPOH activity of 0.0043 umoles/



min/mg protein in bloodstream T. evansi homogenates.

The GE6PDH activity obtained in this study with 0.1%

Triton X -100 from bloodstream T.b. brucei was

0,012 *0.003 pmoles/min/mg protein. The pattern of
release of this enzyme from the trypanosomes by
Tr"itonx-100, Digitonin ‘and freeze-thawing indicated
that it is cytosolic.

The localisation of GPT, GOT. NAD-1inked MDH

“ and some of the NADP-linked ME in the cytosol of-

bloodstream T.b. brucei has impertant implications.,
It gives credibility to tﬁe proposed roles of GPT
and GOT in bloodsfream'trypanosomes. Ryley, (1962)
aAﬁ Reynoldg, (1975) proposed that GPT, GOCT, NAD-
linked MDH ;nd NADP-linked ME are involved in a
series of coupled reactions leading to a transhydro-
© genation between NADH and NADP' in the cytosol of
the parasite. The resulis of the present study are
in agreement with the reported observations and
proposals.' The transhydrogenation pathway would be
feasible if the enzymes involved were in the same p
compartment as reported in this study. Results on

the investigation of the roles of GPT and GOT in

bloodstream T. b. brucei are discussed in the

following chapter.
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CHAPTER 4

RAT PLASMA ENZYME LEVELS DURING T.B. BRUCEI

INFECTION

As observed with the results on the release of "
trypanosomal enzymes by detergents and freeze-thawing
(Chapter 3] there were significant enzyme activities

in the supernatants derived from trypanosome suspen-

 sions in PSG not subjected te the enzyme- releas sing

'procedures. 1t was apparent that enzymes were

 leaking slightly from the trypanosomes.

Leakage of trypanosomal enzymes into host plasma
was investigated in an attempt to explain the origin
of additicnal plasma enzyme activities in animals

infected with T.b. brucei. Several authors in this

field have made prabasals on the origin of additional
plasma enzyme activities during trypanosomal infact-v
jons., Linpi and ggbastian (1958) (quoted by Gray,
1963) propo;ed that the increase in serum CPT and

GOT levels in T.b brucei infected guinea pigs was

due to lesions of liver, myocardium, adrenal glands

and nervous system. Moon et al (1968) proposed that

the increase in serum GPT and GOT in mice infected

with T.b. rhodesignse was of trypanosomal origin,

Godwin and Guy, (1973) attributed the rise in serum

GOT in rabbits infected with T.b, brucei to host cell




necrosis and Stibbs and Seed, (1976) attributen

the rise in serum tyrosine aminotransferase in R

microtus montanus infected with T.b. gambiense to

the trypanosomes. These authors did not perform

experiments to show presence or absence of tpyﬁano_

somal enzymes in serum of infected animals.

In this study, the plasma levels of GPT, GOT,
P K ,«GPDH and LDH were measured in healthy and

Tab. brucei-infected rats. + should be noted that

the bloodstream form of T.b. brucei has no lactate

‘dehydrogenase.. Male adult Sprague-Dawley rats were

infected with 104 trypanosomes. Control rats were

injected with PSG. LR
; i

-

A11 the rats were tail bled on alternate days |

and parasitemia'determinad in infected rats. Results

. 6{ the enzyme assays are presented in figures 7A to

-

11.

Figure 7A shows the plasma LOH levels of control

non-infected rats. The levels were fairly constant

at approximately 23 umoles/min/100ml plasma. Figure

78 shows the rat plasme LDH activity during T.b.

brucei infection. There was no significant altaro-'

tion of rat plasma LOH activity during infection as it

remained at approximatnly 25§ umoles/min/100ml

plasma.




Normalvrat plaama LDH activity.

Vartiaal bers represent standard error.

B i
\

7 s

R’t plauma LDH activity during T.bL. brijged "k

infection. Vertical-bars represent

’itandgrd error,

LDH activity
Parasitemia -
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Results presented in figure BA show normal rat

plasma PK activity.

activity was about B umoles/min/100ml plasma.

8B shows the rat plasma Pk

cai infection. The plasma

rising parasitemia from-an
uymoles/min/109ml plasma to

plasma at a parasitemia of

The average normal plasma PK

Figure
attivity during T.b. bru-
PK activity increased with
initial activity of B

15.5 umoles/min/100ml

approximately 108cells/m1

This was about 2.6

blood. fold increase in activity.

Figure S9A shows the normal rat plaswa = -GPDH

activity. The average ncrmal plasma = -GPDH activity

was 0.25 umoles/min/100 ml plasma. Results present-

ed in FigutE’QB show the rat plasma «-GPDH activity
brucei infection.

during T.D. The plasma =-GPDH

activity increased with rising parasitemia. from an

initial activity of 0.25 ymoles/min/100ml plasma to
0.36 ymoles/min/100nl plasma at a parasitemia of
epproximately 108081Ts/m1 blood. This was a 1.4

fold increase in activity.

Results in figure 10 show the normal and
infected rat plasma GPT activity. 1In the control
non-infected rats, the plasma GPT activity remained
et approximataly 2.6 ymoles/min/100ml plasma. In
the infected animals, the plasma GPT activity

increased with rising parasitemia from an initial

\



Figure B8A

Normal rat plasma PK activity.

Vertical bars represent standard error.

fjgyre 88

Rat plasma PK activity during T.b. brucei

infection, Vertical’b&rs represént

’

standard error.

PK activity -O0—o0-

Parasitemia = — D
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‘No fgligﬁdfT}br'brpcei-infected rat plasma GPT‘[ e

Vertical bars represent standard

Wi

/

Normal rat plasma GPT activity

Inﬁacféd rat plasma GPT activity -3

Parasitemia WY
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activity of 2.7 umoles/min/100ml plasma to 7.8 umoles/’
min/100ml plasma at a parasitemia of approximately
1oacalls/m1/blood. This was a 4.4 fold increase in

activity.

Figure 11 shows thé rormal and’inFected rat
plasma GOT activity. In the control rats, the plasma
GOT activity was approximately 3 umoles/min/100ml
plasma. In the infected rats the plasma GOT acti-
vity increased with rising parasitemia From’an
jnitial activity of 3 umo}es/min/100m1 plasma to
5.8 ymoles/min/100ml plasma. This was a 1.9 fold
in_activity.

i
The results on GPT and GOT activities in plasma

-

of‘rats_infected with T.b. brucei were analysed

further as presentegd in Table IT which shows the

GPT/GOT ratio in plasma of normal and T.b. brucei -

infected rats. The average normal plasma GPT/GOT
ratio was 0,75. In the infected rats, the GPT/GOT
ratio increased with rising parasitemia from an
initial value of N.89 to 1.40 at a parasitemia of

Bislis/ml blood. This was an

approximately 10
indication that the plasma level of GPT during

infection was rising faster than that of GOT,



‘ﬂérﬁaitand,T.b. brucei-infected rat plasma

‘lﬁEﬁT°acﬁivity.

thti#al pabs represeat standard error.

l

Normal rat plasma GOT activity -
Infected rat plasma GOT activity -0

Parasitemia
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TABLE II

s e

PLASMA GPT/GOT RATIO TN T.B. BRUCEI INFECTED RATS

GPT/GOT RATIO

DAYS LOG, , PARASITEMIA INFECTED NGRMAL

(Parasites/ml blood)

o
=
=x
(9e]
3
i+

0.071 | 0.76 % 0.009
2 6.05 1.10 £ 0,090 | 0.68 2 0,036
4 7.37 1.45 2 0,126 |0.76 *0.038
6 _7.78 1.40 20,124 |0.76 *0.027
8 - - 0.77 %0.027

Parasitemia only applies to infected rats.

GPT and GOT were determined from the same

plasma samples.
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TABLE 11

s s e

PLASMA GPT/GOT RATIO IN T.By BRUCEI INFECTED RATS )

GPT/GOT RATID

DAYS LOG, o PARASITEMIA INFECTED

10

(Parasites/ml blood)

NCRMAL

0 n 0.7 2 0,071
2 8,08 1.10 £ 0,090
4 7.37 1.45 2 0,126
¥ o X 1.40 *0.124
8 - S

N,76 * 0.009

ie

0.68 = 0.038
0.76 X0.038
0.76: 20,027

%77 .2£0.020

Parasitemia only applies to

infected rats.

GPT and GOT were determined from the sama

plasma samples.
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4.1 STARCH GEL ELECTROPHORESIS 0OF GPT AND GOT

It was proposed from the results obtained in
saction 4 that elevated glutamate pyruvate transami-
nase and glutamate oxaloacetate transaminase in

plasma of T.b. brucei - infected rats was due to the

trypanosomes. To confirm this propdsal, starch gel

electrophoresis of normal rat serum, infected rat

serum and trypanosomal lysate was performed.

Results presented in figures 12A and 12B show,
starch gel electrophoresis of normal rat serum,
infected rat serum and trypanosomal lysate. The gel
sketched in figure 12A was developed for GPT and that
shown in figure 12B was developed for GOT. 1In both
cases, the gel showed one bandfor normal serum and
two bands for infegted serum. Trypanosomal lysate
showed one band and it coincide with the second

band obtained with infected serum.



'Stafch gel electrophoresis of GPT. Sketch af

”.LGVSIGPEdbeP GPT and viewed under ultraviolet
The shaded areas represent regions of enzyme

The migration of the bands is drawn to

B85 Andde A
ty thhoﬁe : : : :

f‘) Anode :
j (=) cathode

-




&)

Crigin

b

081

Normal Serum

Infected serum

Trypanosomal
lysate

R

;

Y Y

NN

Origin

v

(+)

Normal serum

Infected serum

Trypanosomal
lysate

5

N

AN\ AN




082

DISCUSSION

The presence of GPT, GOT, PK and =-GPDH in

bloodstream form T.b. brucei has been ascertained

but the presence of LOH has not been uneguivocally
demonstrated (Ryley, 1962; Dixon, 1966). Therefore

an elevation of plasma LDH during T.b. brucei

infections would be attributed to host tissue damage

by the trypanosomes since the latter have no LDH.

The enzymes GPT, GOT and PK are cytosolic in

bioodstream form T.b. brucei (Oduro et al, 1980,

Visser and Opperdoes, 1980; Opperdoes et al, 1977a,b)
and « -GPDH igfglycosomal (Opperdoes et al 1977a;
1980). The enzymes showing highest elevation in

plasma of T.b. brucei- infected rats are cyfosolic

in the parasite thus GPT, GOT and PK were elevated
4.4 fold, 2 fold and 2.6 fold respectively at a
parasitemia of approximately 108 cells/ml blood.
The glycosomal «-GPOH was elevated 1.4 fold. 1In
previous experiments (Chapter 3) it was observed
that maximal activity of cytosolic enzymes was
released from trypanosomes by two freeze-thawing
cycles whereas glycosomal enzymes required as
many as 7 cycles for release. If trypanosomes in

plasma were lysed progressively, cytosolic enzymes



would be released before glycosomal enzymes hence

the low elevation of «-GPOH in plasma of T.b. brucei

J——

infected rats.

Since both the host and the trypanosomes
contain GPT, GOT, PK and «-GPDH, the additional
activities of these enzymas in plasma of infected
rats may have been aof either host, trypénosamal
origin or both. Pyruvate kinase and LDH are present
in host tiséues e.g. heart, skeletal muscle, liver
and erythrocytes. As explained earlier, bloodstream
trypanosomes contain PK but not LDH. If the eleva-
tion observed in the plasma PK activity in the pla-
sma of infected rats was caused by haemolysis, LDH
shoula also have been elevated, but this was not the
case. This was an indication that the rise in plas-

ma PK activity during T.b. brucei infection in rats

‘was of trypancsomal gligin.

The ratio of GFT/GOT in bloodstream form T.b.
brucei measured in this study was 7 (Chapter 3). ‘
This value was within the range of ratios obtained
by Godfrey and Kilgour, (1973) for bloodstream

T.b. brucei. If these two transaminases were lo

leak from disintegrating trypanosomes into plasma,
the final plasma levels of GPT would be higher than

that of GOT as shown in Table 1l. This suggests
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that the elevation of these transaminases in the
plasma during infection wae due to leakage from

trypanosomes.

In mammals, tissue gamage results in the altera-
tion of the plasma levels of GPT and GNT. For
example in cases of liver disease, diseases of the
biliary system, muscle and heart diseases, both GPT
and GOT afe glevated in plasma (Christen and Metzler,
1985). The levels of these enzymes in plasma aré
~ thus important indicators of tissue damage. Tissue
damage has been reported in trypanosomal infections,
Murray EE_El,'(1974) observed splencmegaly, hepato-
megaly and myocardial damage in rats infecled with
1. Brugst for a period of eight weeks. Morrison
et al, (1978) reported severe lesions in heart,
central nervous system, eyes, skeletal muscle, kidney
and testiclés of dogs'infecteo with T. brucei for
3 - 4 weeks. The extent to which host tissue damaga
during trypanosomal infections contributes to altera-

tion in plasma enzyme levels has not been established.

starch gel electrophoresis of normal rat serum
infected rat serum and trvpanosomal lysate indicated
presence of trypanosomal GPT and GOT in infected
serum., This finding led to the conclusion that GPTY

and GNT were leaking from trypancsomus into the

plasma.
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CHAPTER = 5

THE ROLE DF GPT_AND GOT IN BLOODSTREAM T.B

BRUCEI

Following the assays of GPT and GOT in trypano-
somes, the study of these. two transaminases was
extended in an attempt to identify some of their
roles in the parasite. The results of this study

are presented in Yables 111, 1V, V, VI, and figure 43

T UTILIZATION OF GLUTAMATE BY BLOODSTREAM

2 T.B. BRUCEI
y V.4

8
cells/ml PSG were incuba-

M this experiment 10
ted aerobically at 25°C with and without 10 mm
L-glutamate. Incubations were terminated every 30

minutes and the concenirations of substrates and

products gssayed in the post-incubation medium

The results presented in Table III show that
when trypanosomes were incubated in PSG alone under
aerobic conditions, pyruvate was the only end
product detectable. The quantity of pyruvate produ-
ced was twice the amount of glucose consumed, «-
Ketoglutarate, L-alanine and L-aspartate were not

detectable.



TABLE III

PRONUCTION NF PYRUVATE, L-ALANINE, L-ASPARTATE AND < -KETOGLUTARATE BY

7.8,BRUCEI .INCUBATED IN PSG AT 25°C UNDER AEROBIC CONDITIONS

8

Values are umoles metabolite per 107 cells

! Tima (Mins) D-glucosg Pyruvatg «-ketog}utarate L-alanige. L—aspar?atg
Consumption Production | Production Production | Production

0 N n 0 0 c

30 w27 2.75 C 0 o

60 2.21 5.18 0 ' 0 0

a0 3.04 7.88 0 0 o

120 4,58 9.34 o C . 8

150 5.52 11.28 e 0 0
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when 10 mM L-glutamale was included in the

incubation medium (Table 1V), pyruvate production

y approximataly 10%. L-Alanine and

« -ketoglutarate were produced in equimolar quantities

partate was not detectable. Glucose consump-

but L-as

tion was not affected by addition of 10 mM L-gluta-

mate to the incubation medium.

As shown 1D figure 13, L-alanine production was

function of L-glutamate concentration in the incu-

a
Therc was a steady though notllinaar

‘bation medium.
increase in LfaléninE'production with increasing L-
glutamate'concentration. The non-linearity of L-ala-
nine pradué%ion versus L-glutamate concentration may
be explained in terms of limitations caused by the

mode of transport of these two amino acids in trypa-

nosomes. Transport of L-alanine and L-glutamate in

bloodstream T.b. brucei is carrier-mediated (Voorheis
’

1971).

1t was not possible to account for 25% of the

e consumed in terms

anine produced by the trypanosomes

L-glutamat of either the =-keto-

glutarate oF al
This amo
This ohservation prompted investigation

(Table IV). unt was 0.13 umoles L-glutamate/

hr/1nacellu.
of pathways which may consume L-glutamate or convert

it to the p~-form.



TABLE IV

PRODUCTINN OF PYRUVATE, L-ALANINE, L-ASPARTATE AND = -KETOGLUTARATE BY T.B8. BRUCETI

INCUBATED IN PSG + 10 mM L-GLUTAMATE AT 25°C UNDER AEROBIC CONDTIONS

Values are pmoles metabolite produced or consumed by

8
10 cells

TIME \ D-glucose Pyruvate L-Glutamate « -Ketoglutarate L-alanine L-aspartate
{(MINS) Consumption Production Consumption Production Production Production

0 0 0 0 0 C 0

30 1.03 .28 0.23 0.13 0.12 0

60 2.45 4,68 0.39 0.26 0.34 0

20 3.16 6.89 N.69 C.44 0.54 0

120 4.45 8.44 0.84 0.39 0.71 n

150 5.28 10,13 1.15 0.77 0.84 0

L)
(@]
w



oells Nera incubated aernbically at 25°C

N

PSE oantaining varying concentrations of

Mtlmﬁtﬁ fnr*15ﬂ minutes. Incubations;ware ik 5
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’JMoles L-alanine/ 18 cells
o
i
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0 ! | 1 ' ¢
5 10 15 20 5
L-Glutamate concentration (mM )
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‘ 8.2 TEST FOR GLUTAMATE RACEMASE AND GLUTAMATE DECARBOXYLASE

IN BLOODSTREAM T.B. BRUCEI

Results presented in Table IV show that 25% of
the total glutamate consumed by trypanosomes incuba~
tad in PSG containing 10 mM L-glutamate could not be
accounted for either by the «-ketoglutarate or L-ala-
nine produced. An attempt was therefore made to
identify other reactions which may consume L-glutama-
te. It was postulated that the trypanosomes cont;ined
either a glutamate decarboxylase, a glutamate

racemase or both.

Glutamégé racemase would, if present, convert
some of the L-glutamate in the incubation medium to
D-glutamate rendering it undetectable by the L-gluta-
mate-specific enzymatic assay used here to assay this
substrate. Glutamate .decarboxylase would if present
decarboxylate glutamate to gamma amino butyric acid
thereforevufilising some of the L-glutamate in the

incubation medium.

The cells were incubated in PS without glucose
so that there would be no transamination between
L-glutamate in the incubation medium and pyruvate
produced in glycolysis. Raesults presented in Table

e
V show that when i0"cella/m]l were incubated in PS
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at 25°C in aerobic conditions, L-glutemate was not
utilised. The t-Test for paired measurements with a ~
probability of error of 1% showed that there was no

signi?icant differences in the concentrations of

L-glutamate after incubation with parasites.

TABLE V

TEST FOR GLUTAMATE RACEMASE AND GLUTAMATE DECARBOXY-

LASE IN BLOODSTREAM T.B. BRUCEI

Values are umoles L-glutamate/ml

EXPERIMENT NO. Before incubation After incubation
(Zero time) (2 hrs.)
1 i 8.80 10.02
2 10.01 10.12
- 9.99 ' 9.85
4 9.90 9.90
6 90;35 9.70
Average 9.89 9.92

The glutamate assay was tested with a standard solution of

L-glutamate and found to be accurate to within 4%. The standard

solution was made to approximately the ideal concentration
recomended by Bargemeyer (1974) for maximum sensitivity of the
assay. Similarly, the test samples were diluted so that the

glutamate concentration fell within the ideal concentration,



5,3 PAPER CHROMATOGRAPHY OF AMINO ACIDS

It was pfoposed in this study that trypanosomes
in PSG may convert‘L-glutamate to other amino acids
other than L-alanine., Paper chromatography DF‘amino
acid extracts of trypanosomes incubated in PSG and
10 mM L-glutamate confirmed that alanine was the only

amino acid product of this incubation,

From these experiments it was concluded that the

'role of GPT in blondstream T.b. brucei is to excrete

pyruvate generated~in glycolysis as alanine. In this
study, approximately 10% of the oyruvate generated in
glycolysis was converted to alanine.

=

5.4 UTILISATION OF ASPARTATE BY T.B. BRUCEI LYSATES

It was proposed in this study that GPT and GOT

in bloodstream T.b. brucei may be involved in a series
of coupled reactions leading to a transhydrogenation

between NADH and NADP'.

«-Ketoglutarate produced by transamination of
glutamate with pyruvate may transaminate with aspart-
ate in a reaction catalyzgp by GOT to form glutamate
and oxaloacetate. NAD-linked malate dehydrogenase
reduces this oxalcacetate to malate in the presence

of NADH. The malate generated by the NAD-linked MDH
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reaction is then oxidatively decarboxylated to
pyruvate by NADP-linked ME in the presence of NADP'
‘ganerating NADPH, Trypanosomal NAD-linked MDH can
catalyze the oxidation of malate to oxaloacetate.
Oxaloacetate is unstable and may decarboxylate non-
enzymatically to pyruvate, For this reason, it was
found difficult to demonstrate the oxidative
decarboxylation of malate to pyruvate by NADP-linked

ME in this study.

Results presented in Table VI show producticn
of malate by trypanosome lysates incubated in PS
cpntaining 10 mM L-aspartate. When the lysates were
incubated with L-aspartate alone, the amount of
malate produced was small. Addition of 10 mM
a-ketoglutarate caused minimal increase in malate
production. However, when both 5 mM NANDH and
10 mM = -ketoglutarate were included in the incuba-
tion mecdium, the amndnt of malate produced increa-
sed significantly from 0.012 umoles/hr/10809113
obtained with L-aspartate alone to 0.51 umoles/hr/

8

10%cells. It was concluded that the most likely

role of GOT in bloodstream form T.b. brucei is to

provide substrate for 3 pathway leading to the

formation of NANPH.



et ki b

JABLE VI

. PRODUCTION OF MALATE BY T.B. BRUCEI LYSATES

ADDITIONS MALATE PRODUCTION
pmoles L—Malate/hr/1oacells

—————

None N.D
10 mM L-Aspartate B:b12 £ 0.0012

10 mM L-Aspartate 0.018 *+ 0.NN41
10 mM = -Ketoglutarate :

10 mM L-Aspartate
10 mM «-Kekcglutarate 0.510 + 0,0051
5 mm NADH

> .

In this experimeqt 1oecells/wl PS were freeze-
thawed once and incubated in the presencz of nsutra-
lized L-aspartate, «x-ketoglutarate and NADH for 1 hr.
at 25°C. Incubations were terminated as described

in Materials and Methods and malate assayed,
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DISCUSSION

Amino acids have been suggested to be physiolo-
éically important to bloodstream trypanosomes by
being linked to cafbohydrate metabolism to remove
pyruvate formed during glycolysis and perhaps also
centributing to the oxidation-reduction balance in
these organisms (Stibbs and Seed, 1973, Hall et al,
1981). Transaminases are important in the metabolism
of amino acids. The results of the present étudy'
attempt to explain the possible réles of Lhe two
transaminases which have been widely reported in

bloodstream form T.b. brucei. These are GPT and GOT.

The activity of these transaminasesreported here in

bloodstream T.b. brucei were; GPT, 0.526 * 0.032 and

gOT, 0.075 £ N.009 umOies/min/mg protein respectively.
Whole parasites in PSG incubated in aerobic
cunditions produced apﬁfoximately 2 moles of pyruvate
from 1 molavqf glucose consumed. This was consistent
with the results obtained by Opperdoes et al (1976)
and Brohn and Clarkson, (1880). When L-glutamate
was included in the incubation medium, glucose
consumption was not altered but pyruvate production
was reduced. L-Alanine and =-ketoglutarate were
produced in equimolar quantities indicating that GPT

cata]ygﬂd the t!‘m's,whin:!tiu'\ of L-g"lul‘;vnn!&” with



pyruvate to produée « -ketoglutarate and L-alanine.
Production of L-alanine was a function of L-giuta-
mate concentration in the incubation medium.. The
production of alanine was further confirmed by paper

chromatography.

Using paper chromatography, Williamson and
Desowitz, (1961) found alanine to be the major free

amino acid in bloodstream form T.h. rhodesiense.

Chappell and Co-workers, (1972) found alanine to
constitute more than 47% of the total free amino

acid pool in bloodstream form T.b. gambiense. They

also recovered labelled alanine when bloodstream

form T.b. ggﬁbienSe'were.incubated with uniformly

labelled [140] glucose. Chappell and Co-workers
(19725 speculated that alanine was formed by transa-
mination of glutamate with pyruvate in a reaction
catglysed by GPT. The stoichiometry of this reaction
was however not investigated. Results presented in
the present study led to the conclusion that excre-
tion of pyruvate in the form of alanine is a major

role of GPT activity in bloodstream for T.b. brucei.

The advantage of excreting pyruvate in the form of

alanine is however not clear.

About 25% of the L-glutamate consumed by

bloodstream T.h. brucei incubated in PSG containing
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10 mM-glutamate could not be accounted for in terms
of either the =-ketoglutarate or the L-alanine
produced. This discrepancy amounted to approximately
0.13 umoles L‘EIUthatﬁ/hP/2x108 parasites.v Investi-
gations on possible pathways which could be consuming
L-glutamate or econverting it to fhe D-form which
would be undetectable by the assay method used did

not provide @ solution to this discrepancy.

Various amino acid rac:=mases have been reported
in micro-organisms. Soda (1971) has repo~ted activity

of an unspecific amino acid racemase in Pseudomonas

striata and Cardinale (1968) has reported preline
rscemase activity in that organism. Glutamate race-

mase activity has beern reported in Lactobacillus

arabinosus (Wood, 1855; Glaser, 1960). Glutamate

racemase activity was not detected in bloodstream

" form T.b. brucei. Thgsc parasite also did nol show

glutamate decarboxylase activity.

In addition to the role of GPT in the excretion

of pyruvate in bloodstream form T.b. brucei, it is

proposed in this study that this enzyme may share
another role with GOT in a transhydrogenation
between NADH end NADP' (Chapter 1 section 1.4.1).

It has been shown in this study that G507, NAD-linked

MDH and possibly part of NADP-linked ME activity
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are cytosolic like GPT in bloodstream form T.b.

brucei.
pr——————— -

Bloodstream form 7T.b, brucei can utilise acetyl

CoA units derived from glucose or threonine catabolism
for lipid biosynthesis (Linstead gt al, 1977).
Reduced NADP is required in fatty acid synthesis. Two
main systems for NADP® reduction have been suggested
in tryparnosomes; the pentose phosphate patnway and
transhydrogenation with NADH. The former pathway
requires glucocse and the lattarlaspartate both of
which could be obtainsd from the h;st plasma
(Reynolds, 1975)
S

In blﬁodstream form T. evansi, Reynolds, (1975)
reported activities of enzymes which may produce
NADPH. These were; G6DPH (0.0043 umoles/min/mg
protein), NANP-linked isocitrate dehydrogenese
(0.00213 nmoles/min/ig pratein) and NADP-linked ME
(0.0147 umoles/min/mg protein). In bloodstream form

T.b. rhodesiense, Ryley, (1862) reported activities

of enzymes which may produce NADPH, These were
somewhat higher than those obtained by Reynolds
(1975) in bloodstream T. cvansi. These activities
weraey GBHPDH (0.0079 - 0.0168 ymoles/min/mg protein,
NADP-1inkad isocitrate dehydrogenase (0.N040 - 0,0085
umoles/min/mg protain) and NADP-linked ME (0,0157 -

0.0306 umoles/min/mg protein). The activity of
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NADP-1linked ME reported in this study in bloodstream

form T.b. brucei was 0,012 % 0.0029 umoles/min/mg

protein. The high activity of NADP-linked ME as
compared to that of CHPDH and NADP-linked isocitrate
dehydrogenase suggests that NADP-linked ME is a

major source of NADPH in bloodstream trypanosomes,

The enzymes involved in the proposed transhyrdro-

genation of NADH and NADP® have high activity in.

bloodstream form T.b. brucei. The activities were;
GPT, 0.526 + 0.032; GOT, 0.075 + 0,009, NAb-linked
MDH, 0.140 # 0.022 and NADP-linked ME, 0.012 % 0.0029
umoles/min/mg protein respectively. Glutamate
pyruvate tpénsahinase'transaminata;pyruvate derived
from ilycolysis with glutamate derived from host
plasma to « -ketoglutarate and alanine. This «x-keto-
glutamate is transaminated with aspartate derived
from host plasma by 9GT precducing oxaloacetate and
glutamate. This oxaloacetate is then reduced to
malate by.NADH in a reaction catalysed by NAD-linked
MDH. Finally NADP-linked ME oxidatively decarboxy-
lates malate in the presence of NADP' generating NADPH
in the trypanosome. The existence of a transhydro-
genation pathway is supported by the observaticn that
when trypanosomal lysates were incubated with
aspartate and «-ketoglutarate only trace amounts of
malate were producaed but when NADH was included in

the incubation medium, large amounts of malate were
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produced. The overall transhydrogenation pathway
would be as shown below,

Aspartate + NADH + NADP —=> Alanine +C02~+NAU++ NADPH

The last step in this transhydrogenation pathway
has been reported by several authors working with
other tissues. Brdiczka and Pette (1871) have
postulated that the function of NADP-linked ME in
heart tissue of rabbits, rats, pigs, beef anc
pigeons would be transhydrogenation yielding NADPH,
Lardy et al, (1964) assigned the role of NADP-linked

ME in rat liver as production of NADPH for fat
-;ynthesis, Hsu, (1970) reported oxidative decarboxy-
lation of malate by pigeon liver NADP-linked ME and
Cazzulo et al, (1977) have reported oxidative
decarboxylation of malate by NADP-linked ME from

. T. cruzi epimastigotes.

1t was concluded in this study that the most

likely role of GOT in bloodstream T.b. brucei is

in a transhydrogenation pathway leading to the

transfer of reducing equivalents from NADH to NADP'.
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CHAPTER B

AMINNTRANSFERASES IN BLONDSTREAM T.B. BRUCET

6.1 A SURVEY OF AMINOTRANSFERASES IN BLOODSTREAM

7.B. BRUCEI

The catabolism of most amino acids begin with a8

transamination. There are no reports in literature

of a complete survey of transaminases in bloodstream

T.b. brucei, therefore experiients were performed in

an attempt to identify aminotransferases Al
parasite utilizing <« -ketoglutarate as amino group
acceptor. -

Results presented in Table VII show that

bloodstream form T.5. brucei lysates transaminated

_alanine, aspartate, glutamine, leucine, isoleucine,
valine, phenylulanind; tryptophan, tyrosine and
methionine‘significantly with «-ketoglutarate as
amino group acceptor. The highest transamination
activity was that of alanine. The branched-chain
amino acids) valine, leucine and isoleucine were
transaminated at similar rates. Among the aromatic
amino acids, the highest transamination activity was
that of phonyla!anina followed by tyrosine and
tryptophan. There was navel transamination activity

of glutamine, leucine, isoleucine, veline and
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TABLE V1T

. v v

A SURVEY QOF AMINOTRANSFERASES IN BLOODSTREAM T. BRUCEI

o = Tee i
L-AMINO ACID ymoles L-Glutamate produced/hr/mg protein
ALANINE 1.466 + 0.0410  (4)
ARGININE 0.024 *+ 0.0010  (4)
ASPARAGINS 0,108 '+ '0,0025 (4)
ASPARTATE 0.867 + . 0.0120  (4)
CITRULLINE 0.074 + 0.0018  (4)
CYSTEINE 0.061 + 0.0M33  (4)
GLUTAMINE 0.330 + 0.0070  (4)
GLYCINE _ 0.058 + 0.0124  (4)
HISTIDNINE 0.068 + 0.0044  (4)
ISOLEUCINE 1.002 + 0.0152  (4)
LLEUCINE i 1.022 + 0.0275 (&)
VALINE - 1.132 + 0.0132  (4)
LYSINE 0.064 + 0.0054  (4)
METHIONINE 0.345 + 0.0116 (4)
(RNITHINE b 0.028 * 0.0030 (4)
PHENYLALANINE 1.132 + 0.0220 (&)
TYROSINE . 0.789 + 0.0137  (4)
TRYPTOPHAN 0.385 + 0.0141 (4)
PROLINE 0.068 + 0,0050 (4)
SERINE 0.049 + 0.0041 (4)
THREONINE 0.039 ¢+ 10,0029 (4)

The values obtained from incubations without
amino acid have been substracted from the values
shown in Table Vii. Values presented are means ¢

standard error for the number of determinations shnwn

in parnnthaﬁih .
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" methionine by bloodstream form T.b. brucei lysates,

The transamination pathway of methionine

catabolism in mammals may lead to production of

toxic intermediates - methanethiol and hydrogen

sulphide (Benevenga and Steele, 19879). It was
proposed in the present study that a similar

pathway may exist in bloordstream form T prucei.

The study of methionine iransamination by bloodstream

form T.b. brucei was therefore extended.



e L

82 RELEASE OF METHIONINE TRANSAMINATING ENZYME

By FREEZE-THAWING AND SONICATION

In this study, the methionine transaminating
activity was refefred to as methionine transaminating
enzyme. The use of deiergents to release the ;
methionine transamirating,enzyme from trypanosomes
was avoided because of the long incubation period
(1 hr.) required to nhtain significant transamina-
tioh. 1f detergents were used, they may have had
unknown effecte cn the enzyme.

Results presented in Figure 14 show the release

of the methipnine transaminating enzyue from blood-

stream form T.D. brucei by freeze-thawing. A S{ngle

sreeze-thawing cycle was sufficient to release maxi-

mal activity of the enzyme (approximately 0.7 ymoles/

min/mg protein. Repeated freeze-thawing was found

to infibit the enzyme significantly with five cycles

of freeze-thawing reducing the enzyme activity by

26%.

Results presented in Figure 15 show the relaase

of the methionine transaminating enzyme from blood-

stream T.b. brucei by sonication at a°c., Sixty

seconds of gonication relecased maximal activity of

the melhionine tpansaminating enzyme, This value was



Figure 14

' Release of methionine transaminating enzyme by
freeéa-thawing. Trypanosomes (cell density 2x108/m1)
in PS were subjected to freeze-thawing. The esuspen-
sions were then centrifuged at 10,000 g at 4°C for
10 minutes, The supernatants were incubated at 25°¢C
~with 10 mM L-methioning and =-ketoglutarate for 1 hr.
The incubations were then terminated and L-glutamate

production determined.

Figure 15

Release of methionine trancsaminating enzyme by
sonication. Trypanosomes (cell density 2 x 108 /m1)
in PS were sonicated at 4°C with a Branson Sonifier
Model W185 gset at 89 watts for 30 second periods.
After each period of sonication, 1 ml of suspension
was withdrawn from the sonication tube. These
suspensions were centrifuged at 10,000 g for 10
minutes at 49C, The supernatants were incubated at
26°C with 10 mM L-methionine and =-ketoglutarate
for 1 hour. Incubations were terminated and

L=glutomrate production determined.
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comparable to the activity obtained after one cycle
of freeze-thawing. Prolonged sonication upho 180

sgconds did not affect the activity of the enzyme.

The release of the methionine transaminating
enzyme by freeze-thawing was similar to the release
of the cytosolic marker GPT. (Chapter 3 Figures 5 and
8). This was an indication that like other known

transaminases in bloodstream form T.b. brucei, the

methionine transaminating enzyme is possibly cvtocso~

B0

It was concluded that bloodstream form T.b. bru-
Eéi has a_methioning transaminating enzyme which is
inhibited s{;nificantly by repeated freeze-thawing.
The substrate specificity of the methionine transa-

minating enzyme was then investigated.

6.3. EFFECT OF L-ETHIONINE AND PYRUVATE ON /+HE

ACTIVITY OF METHIONINE TRANSAMINATING ENZYME

1t was proposed in the present study that since
ethionine is a substrate analogue of methionine, it
would compete for the active site of mathionine

transaminating enzyme with methionine.

Resultas presented in Figure 16 show that

ethionine did not have any effect on the activity



Figurq_lﬁ

| Effect of L-ethionine on the activity of

methionine transaminating enzyme,

Trypanosome lysates (2x‘ll)8 cells/ml PS) were
incubated at 25°C for 1 hour with a fixed concentra-
ion of L-methionine (17 inM) ard =-ketoglutarate
(10 mM) and varying concentraticn of L-ethionine
ranging from 0 to 20 mM. Incubations were then
terminaled and L-glutamate productien at every

L-ethinnine concentration determined.
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of the methionine transaminating enzyme even at a
concentration of 20 mM and that ethionine was transa-
minated at a rate similar to that of methionine

trangamination.

An attempt was also made to use‘pyruvate as an
amino group acceptor in the methionine trancamination. .
In this experiment, the trypanoscmal lysates were
incubated with 10 mM L-methionine and 10 mM pprvate
in PS. L-Alanine was then assayed as a measure 07
transaminase activity. The methionine transaminating

enzyme did not use pyruvate as an amino group acceptor.

It was théfefore'concluded that the methionine

transaminatingenzymainbloodstréam form T.b. brucei

utilised =-ketoglutarate but not pyruvate as the
amino group acceptor' and cculd use both L-methionine

and L-ethionine as amino group donors.



DISCUSSION

. o -

The survey of aminotransferases in bloodstream

form T.b., brucei showed novel transemination activi-

ties of glutamine, leucine, isoleucine, valine and

methionine with =-ketoglutarate as amino group acce-

ptor. It was ndt pessible to conclusively show

whether this transamination was catalysed by 5 diffe-

rent transaminases specific for gach of the 5 amino 4
acide or by non-specific transaminase(s) acting on all i

the 5 amino acids. i

The resu{fs obtained in this studv on the : i
transaminatidﬁ of glutamine by Bloodstream ferm T.b.
brucei lysates were not conclusive because if a
glutaminase was present, glutamine would be deamidated
to glutamate. Since.production of glutamate was taken
to be a measure of transaminase activity, production
of glutamate by a glutaminase acting on glutamirne
would yield»mislaading results., Furthermore, gluta-
mine is easily hydrolysed to glutamate in aqueous

solution (Bergemeyer, 1974).

There have been reports of transamination of isoléu:ina.
leucine, valine and methionine with «-ketoglutarate
as amino group acceptor in .other organisms, Van

leuven (1976) found transamination of glutamine,
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phenylalanine and methionine by rat brain glutamine“
aminotransferase. ITkeda and Co-workers (1976)
‘reported rat liver enzyme II or leucine aminotrans-
ferase transaminating leucine, ethionine, methionine,
nor-valine, nor-leucine and homocysteine. Taylor
and Jenkins (1866) reported hog heart enzyme I

transaminating valine, leucine, isoleucine and

methionine, while Rudman and Meister (1953) report-

ed an aminotransferase 2 activity in E.coli that

transaminated leucine, valine, isoleucine and ¢
methionine. Similar trensaminase activity was

reported in Acetobactzr suboxydans (Tachiki and

Tochikura, 1975) and Pseudomonas aeruginosa (Norton !
7 ‘

and Soka@ch,'5970). : |

" Cell-free extracts of the hemoflagellate

Leishmania donovani, a parasitic protozoa belonging

to the family Trypanosomidae, have been reported tc

catalyse the transamination of aspartate, histidine,
methionine, lysine, cysteine, alanine, phenylalanine,
tyrosine, tryptophan, valine, ornithine and leucine
with =-ketoglutarate as amino group acceptor

(Chatterjee and Ghosh, 1957),

The amino acid specificities of the transaminations
observad in the present study do not appear to be

fdentical to any of the transaminases in the various
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organisms discussed above. The transaminasel(s)

observed in bloodstream T.b. brucei extracts may be

gimilar to the Hog heart enzyme I, E.coli aminotrans-

ferase B, Acetobacter suboxydans aminotransferase or

Peseudomonas aeroginosa aminotransferase because there

was transamination of leucine, valine, isoleucine and
methionine. It may be similar to rat liver enzyme II
because there was transamination of ethionine or to

the transaminases of Leishmania donovani because there

was transamination of leucine, valine and methionine.

The transamination ot methionine by bloodstream

T.b. brucei lysateswas shown to be specific for
a—ketoglutaratg/and not pyruvate. Further investi-
gations should be carried out on the substrate
spééificity of other transaminase activities and the
extent to which thé 5 amino acids are catabolised
after the transamination reactions. Such studies
may reveal pathways of amino aoid catabolism unique
to these trypanosomes which could become targets of

new anti-trypanosomal drugs.
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CONCLUSIONS

In this study, the role of GPT irn conversion of

pyruvate to alanine in bloodstream T,b. brucei and

the stoichiometry of this reaction has been shown.

The role of GOT in bloodstream form T.b. brucei has

been proposed to be in a series of coupled reactionrs
leading to a transhydrogenation between NADH and
NADP . The last enzyme of the proposed transhycdro-
genation pathway, - NADP-linked ME, was however not
conclusively localised though results indicated that
it was partly c§%osoiic. Glucose-6-phosphate
dehydrogenase an enzyme generating NADPH was shown

: to be cytosolic.

The presence of trypanosomal GPT and GOT in

serum of rats infected with T.b. brucei was demons-

trated and bloodstream form T.b. hrucei lysates were

shown to transaminate valine, leucine, isoleucine
and methionine with =-ketoglutarate as amino group

acceptor.

The results of this study have opened new areas

of research. The advantage of bloodstream T.b, bruycei

excrating pyruvate in the form of alanine has not



been established.  The extent fo which bloodstream

form T.b, brucei depend on the transhydrogenation

pathway for NADPH preduction should be further invest-
gated. It is also important to know how essenticl
de novo synthesis of fatty acids is to bloodstream
trypanosomes and the effects of inhibition of this
system on the parasite. The localisation of NADP-
linked ME should be investigated using more sensitive

methods.

cr

Further studies should be carried out to
establish what other trypanosomal anzymes are
present in the plasma of infected animals and th>
effects these may have on the host. Studies should
also be cagried“6ut to establish to what extent

elevated enzymes in plasma of trypanosome-infected

animals arise from host tissue damage.

The novel transaminations by T.b, brucei lysates
should be investigated further to obtain information
on substrate specificity.zinhibition. optimal
conditions ofvactivity and also the end products of
the reactions. The methionine transaminating enzyme
should be studied thoroughly because if the transa-
mination pathway of methionine catabnlism occurs in
trypanosomes, poisonous intermediates may be

released into the host plasma contributing to the
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pathogenjcity of trypanosomes. Studies should also

be carried out to establish the importance of these

transaminations to bloodstream trypanosomes. The

properties of these transaminase(s) should be

compared to those of hostmammals with the hope of finding

differences which could leaed to development of anti-

trypanosomal drugs.

From the results of this study it is possible

te draw the following concliusions on the amino acid

metabolism in bloodstream form T.b. brucei:-

i)

(ii)

(iii)

(iv)

Glutamate pyruvate transaminase is involved
in thé excretion of pyruvate in the form of
glanine.

Glutamate oxaloacetate transaminase is
possibly invblved in a series of coupled
reactions leadipg to a transhydrogenation
between NADH and NADP® in the parasite.
Additional activity of glutamate pyruvate
traﬁsaminase and glutamate oxaloacetate
transaminase in serum of rats infected

with T.bbrucei is of trypanosomal origin,

Bloodstream T b.brucei lysates can transa-
minate leucine, isoleucine, valine and
methionine with =-keptoglutarate as amino

group acceptor,
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