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INTRODUCTION

An aspect of the host-parasite relationship of importance in the i§,
chemotherapy of trypanosomiasis concerns the biochemical differences
which exist beiween the pathogenic bloodstream forms of trypanosomes
and the tissues of their vertebrate hosts. Tﬁo impo;tant differences
are that the bloodstream forms of many trypanosomes do not contain
detectable cytochrome pigments nor an active mitochondrial oxidative
phosphorylation (0.P.) system. Despite the lack of an oxidative-

phosphorylating system, trypanosomes of tre evansi-brucei subgroups ‘4

are characterized by an extremely rapia but incomplete oxidation ol
glucose MRTMS rate can be compared with the markedly
Tower rates for many mammalian tumor cells (Arsenberg, 1961) and the 5
appreciably lower rates of most normal! mammalian tissues. Trypanosomes ;,
consume one mole of oxygen per moie of glucose utlilized. The major end
products of trypanosome metabolism appear }o ve pyruvate together with

a trace of glycerol. Utilization of 14¢ 1abeled jlucose by Trypanosoma
rhodesiense revealed that pyruvate was formed by the glycoiytic path-
way and that neither the Tricarboxvlic acid {TCA) cycle nor the pentose
phosphate shunt were of metabolic significance in trypanosomes (Grant

& Fulton, 1957). The formation of pyruvate rather than lactate and

the absence of an 0.P. system fdr the direct oxidation of reduced
nicotinic adenine dinucleotide (NADH) poses a problem as to the mech-
anism of reoxidation of NADH formed in thc glyceraldehyde-3-phosphate
dehydrogenase reaction of glycolysis. Oxidation of NADH, as detected

by formazan deposits, was observed in extra-mitochondrial bodies

throughout’ the cytoplasm of the bloodstream form (Ryley, 1964). This
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cytochemical avidence suggested that the oxidation of NADH might be 4
mediated in an indirect manner by a coupled enzyme system, namely: ;
L-a-glycerphosphate dehydrogenase and L-a-glycerophosphate oxidase.
L-a-glycerophosphate dehydrogenase is an NAD-1linked enzyme catalyzing
‘the interconversion of L-a-glycerophosphate oxidase transfers hydrogen
directly from L-a-glycerophosphate to atmospheric oxygén yielding
dihydroxyacetune phosphate as seen in the following metabolic scheme:

Glucose

1)

Fructose-1,6-diphosphate

Glyceraldehyde — Dihydroxyacetone
-3-phosphate phosphate

AD* Dihydroxyacetone H,0
phosphate X
a-qucerophosphate /2 0,
1 +3-Diphospho
glycerjic acid Glycero]

Pyruvate
Since this cycle does not appear to be associated with the

oxidative phosphorylation of adenosine diphosphate (ADP), the net
energy gain for this oxidative metabolism of gluccse to pyruvate is
two moles of adenosine triphosphate (ATP) formed per mole cf glucose
utilized. However, in mammalian systems approximately 15 times this
amount of ATP is formed through the use of a terminal respiratory
system. It is in the reliance upon the metabolic scheme noied above

that a significant difference is to be found between the trypanosome

parasites and their mammalian hosts. This thesis reports an
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3
attempt to purify and characterize L-a-glycerophosphate dehydrogenasc

from a laboratory strain of Trypanosoma brucei.

L-a-glycerol-3-phosphate dehydrogenase (E.C. 1.1.1.8.) was first
detected in rat muscle by Von Euler & Gunther in 1936, and isolated
and crystallized frow rabbit muscle by Baranowski (1949). The role of
this enzyme in cell metabolism remained largely unexplained until
high enzyme activities were found in the flight muscles of insects
and in mammalian muscles (Marquardt & Brosemer, 1966). Thereafter,

a key role for L-a-glycerophosphate dehydrogenase in respiration was

postulated. Flight muscle mitochondria of Locusta migratoria show

high respiratory rates with L-a-glycerophosphate. A system is present
for the transfer of hydrogen from extra-mitochondrial NADH to the res-
piratory chain in Locust flight muscle mitochondria consists of L-a-
glycerophosphate dehydrogenase in tne cytosol anu L-z-givcerophosphate
dehydrogenase in the cytosol and L-a-glycerophosphate oxidase in the
mitochondrion. Another system in which L;a-glycerophasphate dehydro-
genase participates is the a-glycerophosphate-pyruvate dismutaticn
reaction characterized in muscle homogenates, a pathway present in
insect muscles apparently devoid of lactate dehydrogenase. Under
conditions of inadequate oxygen supply a partial consumpticn of NADH
with formation of u-glycerophosphate may prevent lowering of the redox
potential of extra-mitcchcndrial NAD-1inked systems.

The purification and crystallization of L-a-glycerophosphate
dehydrogenase from bee thoracic muscles was demonstrated to be fairly
easy to accomplish in contrast to isolation procedures rcported for
other enzymes. The isolation scheme consists of a series of ammonium

sulfate fractionations. Studies on the L-a-glycerophosphate dehydro-
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genase from Trypancsoma brucei attempt to correlate the properties

of this enzyme with metabolically similar enzymes reported for cther
organisms. According to a variety of morphological and biochemical
criteria, parasitologists agree that T. gambiense and T. rhodesiense

(species pathogenic to man) are derived from Trypanosoma brucei. The

findings noted here are compared with recent irvestigations on glycol-
ytic enzymes reported by Seed & Risby (1970).

Since the other member of the coupled reaction pair, L-a-glycero-
phosphate oxidase, has bcen studied pclarographically in members of
the T. brucei subgroup (Grant & Sargert, 1957, 1960), it was thought
that some further understanding of this cycle miuht be achieved by
investigating the properties of L~a-glycerophosphate dehycdrogenase in
these organisms. One difficulty in these studies is that the mono-
morphic bloodstream forms of T. brucei cannot be gruwn nor maintained
in the laboratory in culture. Rather, these organisms are grown and
maintained by syringe passage, principelly in leboratory rodents. By
contrast, polymorphic bloodstream forms of T. gambiense and T. eoui-
perdum will grow in culture, though only as the crithidial forms.
These are morphologically distinct forms which are not transmissible
by the tse-tse fly nor infections tu it. Another objective cf these
studies was to determine whather a further understanding of the metab-
olism of glucose in the system empioyed would provide some leads to
the development of & culture medium to support the growth of these
organisms in vitro. Also, information on the chemical composition
and enzyme function(s) of trypanosomcs could contribute to our under-
standing of possible receptor(s) for chemctherapeutic agents. However,

it is to be noted that selective inhibition of this metabolic cycle in
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member organisms of this subgroup could be of limited value, since

Trypanosoma rhodesiense has been shown to survive under anaerobic

conditions for at least a few hours-(Grant & Fulton, 1957); the
reported survival under anaerobic conditions implies that these organ- :

isms may be able to regenerate NAD for NADH by other means.
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MATERIALS AND METHODS i

Isolation of trypanosonies

Infections with trypanosomes were maintained by syringe passage
. of the organisms into laboratory mice every 48 hours. Male rats,
%; age 6-8 wks. (National Laboratory NLR strain) of approximately 175-
200 g. were injected with 2 X 106 trypanosomes (EATRO 691A) in a voiume

of 0.2 ml. of hlpod and diluent.

At 72 hours pust infection the rats showed a parasitemia level of

approximately 75 125 X 10’

trypanosomes per ml. of blood as determined
by hemocytometry. At this time the rats were bled by cardiac puncture

or blood was released into the pericardial cavity using Heparin (100

units) as aniicoagulant. Blood released into the pericardial cavity
was collected by addition of buffer (0.041 M Tris, 0.011 M Glucose.
0.0107 M EDTA, 0.07 M NaCl, 0.0027 M KC1 pH 7.5). The blood-buffer

mixture was centifuged at 650 X g for 15 minutes (at 4°C) in a Scrvall

RC2-B centrifuge (equipped with a swinging bucket rotor, H3-4). The
centrifuged rat blood separates into three distinct layers as seen in

Figure 1. The lower packed layer contains erythrocytes on top of which

R L BRL ne i i O R

is the buffy coat containing trypanosomes and some white blood cells
and platelets; the upper layer is serum. The upper serum layer is
carefully removed by pipette and a small quantity of pH 7.5 buffer is
added so as not to disrupt the trypanosome layer. The trypanosomes
were suspended in the buffer by gently swirling a closed 'ooked tip
pasteur pipette near the top of the trypanosome con}aining a layer,
but without any mixing of the red cell material with the trypanosome

layer. The trypanosomes are removed, washed twice in Tris-glucose 1 X
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buffer by peiieting in a centrifuge, and resuspended after the second
wash irn fresh buffer. The trypanosomes are separated from other con-
taminated ceil elements by passage through a DEAE-Cellulose column
(capacity 0.85 meg./gm) eluted with Tris-glucose buffer (Lanham, 1968).

Trypanosonres are coilecied in the eluate whereas the contaminants

adhere to the gel. The purified trypanosomes thus obtained are
tightly peiieted by centrifugation at 3300 x g (4,500 rpm.) for 15
mins. The supérnatant is then removed and the trypanosomes are resus-
pended in .1 M Tris, .1 M histidine, 10 mM EDTA buffer, pH 7.0. The
trypanosomes are washed 2 times in this buffer and homogenized in a
Sorvall Cmnimix (micro-attachment) at 7,500 rpm. for 1 min. using
200 ,, glass peads in a 20% w/v solution (i.e. 1 part beads plus 5 paits
liquid # 20% w/v solution). Cell breakage was routinely checked by
microscopy. All steps in the isolation procedure were carried out at
0-4°C.
hssays

L -a-glycerophosphate dehydrogenase (E.C. 1.1.1.8.) was assayed
according to the method of Marquardt and Brosemer (1966). The spectro-
photometer cuvettes contained in a volume of 1 ml: 50 mM hictidine,
5¢ M Tris, 5 mM EDTA buffer pH 6.6, .18 mM NADH, .5 mM DHAP (sub-
strate) and sample. It is to be noted that the enzyme cannot be
assayed at saturating levels of dihydroxyacetone phosphate ( 1 mM) due
to substrate inhibition. Disappearance of NADH absorbance at 340 nm
was recorded at 29°C. The order of addition components to the cuvette
was: (i) 0.9 ml TEN (Tris-EDTA-Histidine) buffer, (ii) 25 1 NADH
(absorbance checked after this addition), (iii) 50 ul of preparation

to be assayed for enzyme (check for endogenous reaction) and finally

P i ot A+ <t 5 S
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(iv) 25 u1 substrate to start the reaction.

In the reverse reaction 25 ul oi NAD was used and the substrate
added was L-a-glycerophosphate. All enzyme assays were performed at
a minimum of two enzyme concentrations i.e., the rate of the reactions
verc directly proportional to the coiicentration cf enzyme used. Each
experiment was performed in duplicate. A unit of enzyme activity is
defined as the amount of enzyme catalyzing the disappearance of one l
micromole (uM) of substrate per minute per sample volume (25 uL or
50 ul).

A1l en7yme assays except the drug assays were performed in a
Gilford model 230 Snectrophotomeier at 29°C. Drug assays were done
on a Cary model 15 recording spectrophotometer. Protein was determined
by the wethod of Lowry et. al. (1951) with bovine serum albumin as the
standard.

Ammonium Sulfate Fractionation

irypanosome homogenates were prepared as described above. A
supernatant fraction obtained by ceatrifugation of the homogenate f
at 9,500 x g for 15 mins. was subjected to four sequential ammonium »
sulfate fractionations (25%, 50%, 75%, and 100%) by addition of solid
ammnium sulfate over a three hour period for each fraction as cal-

culated from the following equation.

X = 53,3 (S2 - S]) X = grams of solid (NH4)2 304/100 ml.
7-0.3°S solution
i S,= initial saturation

52= final saturation
(see Kunitz, 1952)

The fractivination was carried out in a crushed ice bath and the
ammonium sul€ate was added with continuous stirring. When each

fractional level was reached, the so]ution was incubated without
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stirring for 1 hour to allow maximal precipitation of proteins. The

solution was centrifuged for 30 mins. at 16,000 x g to remove the
precipitates. The precipitates were resuspended in a minimum volume
and assayed for enzyme activity using the standard procedure.

Enzyme Localization

Initially, hcmogenates were subjected to cifferential centrifuga-
tion at 9500 and at 32,000 x g and the supcrnatants were assayed for
activity. In an alternate procedure, homcgenates were centrifuged
at 100 x g, 4000 x g, 7800 x g, 10,000 x g and 15,000 x g. The
9500 x g pellet was treated with Triton X-100 (10 1 of a 5% solution/
ml of pellet) for 5 minutes.

Electrophoresis

The techrique employed was essentially that described by the
Cancalco Corp. but modifieu to include the use of 14 X 9 cm. buffer
trays, and 7 mm X 12.5 cm. tubing. The buffer used in the electro-
phoresis cf the enzvme prevaration(s) consisted of .025 M Tris and 10%
glycerin (pH 8.3). Gei solutions were either 10 or 12.5% acrylamide.
Elecirophoresis was carried out in the cold (4°C) at 135.0 volts for
18 hours at an amperage o 2-3 milliamps per gel tube. Sample applica-
tion was made by layering the protein over a stacking gel consisting
of 3.5% acrylamide plus .0625% bis-acrylamide. A1l gels were run in
duplicatie.

After electrophoresis the gels were incubated in 1% Naphthol
blue-black stain in 7% acetic acid for one hour, then destained under

continuous ctirring in 7% acetic acid for 48 hours at room temperature.

The gels wre scanned at 280 nm in a Gilford Linear Transport carrier x

(Model 2410).
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Each identically prepared gel was incubtated for 1 hour in Nitro-

blue Tetrazolium (NBT) stain (50 mg. NAD, 5 mg. KBT, 2.5 mg. Phenazine
methosulfate, 0.1 M g-glycerophosphate to a vclume of 100 ml.) in the
dark. The incubation of these gels was similar to the NBT staining
procedure except that the reaction was carried out in dark, tightly

sealed, test tubes. The mechanism of the NBT staining reaction is as

follows:
L-a-glycerophosphate NAD™, Phenazine Tetrazolium salt
Methosul€ate (NBT)
Dihydroxyacetcne NADH/ \ Phenazine+ Formazan
Phosphate Methosul fate (Purple ppt.)

At the conclusion of the one hour incubation the gel was scanned
spectrophotometrically. Cvidence of a non-specific dehydrogenase
reaction with thc Nitrablue Tetrazolium stain was determined by employ-
ing the same staining reaction but without inclusion of the specific
substrate, (a-glycerophnsphate). Under these conditions no staining
reaction was observed.

Isoelectric focusing

The isoelectric focusing technique used was essentially that of
Ede~ (1972). The focusiny was carried out in a disc-gel electro-
phoresis apparatus. The gel mixture contained the following com-
ponents: 3% ampholyte range pH 3-10 or range pH 5-8, 4.6% acrylamide
w/v, 0.024% w/v TEMED and 0.6% ammonium persulfate. 0.05 M sulfuric
acicd was used as the anode solution and 0.3 M sodium hydroxide as the
cathode solution. An ampholyte layer of 4% carrier ampholyte and 5%
sucrose was placed on top of the gel and electro-focusing was carried

out in the cold (4°C). A current of 2 milliamperes per tube, 135 v
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was passed for 30 minutes to remove polymerization catalysts.

Thereafter, a sample solution of 6% ampholyte, 4% sucrose and sample
(protein between 125-175 ng) in a volume of 25 ul1 was layered on top
of the gels but under the ampholyte layer with a microliter pipette.
The voltage and curvent were restored and the gels were electrophoresed
for 18 hours during which time the amperage dropped to 0.2 milliamperes
per tube. At the end of 18 hours one half of the gels were stained

in Nitroblue Tetrazolium stain. The duplicate gels were measured and
cut into 4 mm segments by use of a device with paratlel mounted razor
blades. The ampholytes in the gel segments was é€luted into 1 ml. of
water for one hour. The pH values on the eluted exiracts were

recorded on a Radiometer Bmszmk2 Acid-Base Analyzer. From these

data, a pH gradient was constructed. After the pH valucs were

obtained from the extracts, three mls. of Nitroblue Tetrazolium stain
were added to each test tube containii.g a gel slice and incubated in
the dark overnight. The isoelectric point was calculated trom both

the whole gel and the staincd segments and identical results were
obtained with each duplicatg sample.

Assays to determine the oH curve of enzyme activity utilized the
standard assay procedure except that the pH of the TEH buffer was
altered with either hydrochloric acid or sodium hydroxide and the
enzyme was allowed to incubate in the buffer for five minutes before
the reaction was started.

Assays to determine the temperature curve of enzyme activity
were standard, except that the samples were preincubated for five
minutes at the appropriate temperatures and then assayed.

Determination of the Michaelis-Mentén constant (Km) utilized the
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same assay procedure noted above except that the amount of substrate

(dihydroxyacetone phosphate) was varied.

To determine the inhibitory effect of sulfhydryl reagents on
enzyme activity, the reagent, NADH, and sample were incubated for
10 mins. before the reaction was started.
Reagents

Trishydroxymethylamino methane (7ris), Dihydroxyacetone phosphate
(Dimethylketal Di-monocyclohexylamine salt), N-Ethylmaleimide (NEM),
Iodoacetic acid {IAA), p-Hydroxymercuribenzoate (PHMB), reduced
Gluthathione (GSH), DEAE-Cellulose, Nitrcblue Tetrazolium, Phenazine
Methosulfate, g-Diphosphopyridine Nucleotide (NAD, NADH), and «-gly-
cerophosphate were obtained from Sigma Chemical Co. Ammon 1 um persulfate
Acrylamide, N,N'-Methyiene Bisacrylamide, N,N,N',N'-Tetramethylethylene-
diamine (TEMED), and riboflavin were obtained frcm Castnan Kodak.
Ammonium sulfate was obtained from Baker. Heparin was purchased from
Scientific Products Co. and Ampholine pH 3-10, pH 5-8 from LKB, Sweden.

A1l chemicals were of reagent grade.

N

b
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RESULTS
Differential centrifugation of cell-free homogenates at different
gravitional forces did not permit localization of enzyme activity in

a discrete fraction (see Table 1). Cell-free preparations of

Trypanosoma brucei exhibit L-a-glycerophosphate dehydrogenase

activity in both the particulate and soluble fractions. The particle
bound enzyme activity of the low speed, 9500 x g sediment material was
partially released from the sediment upon treatment with Triton X-100
for 5 mins. The soluble fractions (9500 < g and 32,000 x g) exhibited
specific activities similar to that obtained for the particlulate
fractions at 9500 x g.

It remains uncertain as to whether the presence of enzyme in both
the soluble and particulate fractions reflects enzyme compartmentation
or is a manifestation of the isolatior method. Since the release of
L-a-glycerophosphate dehydrogenase €rom the particulate fraction(s)
occurs upon vigorous homogenization, the enzyme way be naturally
present in the cell in both;a soluble and particulate state. Ii was
seen that the application of various amounts of homogenization to
isolated organisms at different stages of parasitemia produced differ-
ent particle/soluble enzyme activity ratios. Likewise, tie marked
release of enzyme activity into a soluble-fraction upon treatment
with a non-ionic detergent (Triton X-100) suggests that two distinct
enzyme activities are differently localized in situ, one that is par-
ticle bound (but releaseable by various snlubilization methods) and
a second that represents the soluble enzyme (within the cytosol).

Partial purification of the enzyme was achieved by the use of
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ammonium sulfate precipitation. Supernatant fractions were obtained
by differential centrifugation of the cell homogenate at 9500 x g (

(see Table 2). Supernatant fractions were subjected to four ammonium

sulfate fractionations. Each sequential fraction was assayed for
specific activity ard contains approximately 35% of the enzyme from
the homogenate or 66% from the 9500 x g supernate. The enzyme specific
activity in the 50% ammonium sulfate rraction represents a 15.9 fold ;
purification compared to the initial homogenate, and an 11.8 fold
purification over the supernatant fraction. The several fold purifi-
cation of L-q-glycerophosphate dehydregenase by ammonium sulfate was
also obtained for bee L-a-glycerophosphate dchydiogenase where
crystallization of the enzyme occurred merely by the use of an

' ammonium sulfate precipitation procedure (Marquardt and Brosemer, 1960). f

Enzyme purity of the 50% ammonium sulfate fraction was determined F#

by polyacrylamide disc gel electrophoiesis. 1lhree closely associated
bands are seen on the 10% and 12.5% gels.' The 12.5% gels offer the
best resolution. Spectrophutometric scané and gel photographs are seen

in Figures 2 and 3. Correspondence between protein band(s) and

enzyme band(s) localization was achieved by the use of two stains, an
enzyme specific stain (Nitroblue Tetrazo]fum) as well as a general
protein stain (Napthol blue black). The polyacrylamide gels reveal
that the 50% ammonium sulfate ‘cut contains purified anzyme plus some
contaminating proteins. A faini staining region of contaminating
proteins in the Napthol blue black gels is seen to the right of the
enzyme band(s). This is significant u that hexokinase, aldolase and
acid phosphatase from T. rhodesiense are known to precipitate within

a range of 45-75% ammonium sulfate saturation (Seed and Risby, 1969).

‘.‘ﬁ«r—u M
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It is possible that the contaminating proteins may be other trypano- ﬁ

somal glycolytic enzymes. Nitroblue Tetrazolium staining reveals oands
at the same place as the three distinct bands in the Napthol Blue
Black stain. The three distinct bands are the enzyme L-o-glycerophos-
phate dehydrogenase ‘Baranowski, 1963). The optimum pH activity for
both the ammonium sulfate fraction and crude homogenate occurs at
pH 6.6. A fairly broad activity rarge is noted from pH 5.0-pH 7.5.
This broad pH optimum range is similar to the pH activity curve of the ;i
bee thorax enzyme but differs from the narrow range pH curve of the
rabbit muscie enzyme (pH 7.0 - pH 7.5).

The reverse reaction (a-glycerophosphate to dihydroxyacetone
phosphate) was also tested for its pH optimum of activity. A narrow

range of high activity was found at pH 10.0 - 11.0. Enzyme activity

—~—gy

decreased sharply out of this range. The narrow dH optimum of the
reverse reaction has alsu been reported in preparations from Trypanosoma
rhodesiense (Grant and Sargent, 1969). The equilibrinm of this reverse

-10

reaction at hydrogen ion corncentrations above 10 M favors the

i formation of L-a-glycerophosphate from dihydroxyacetone phosphate.

The influence of temperature on the stapility of the enzyme was

tested. The enzyme maintains fuil activity when incubated for 5

minutes at 50°C (see fig. 5'. Between 60°C and 70°C all enzymatic |
activity is lost. The enzyme is stable at 2°C and/or at -70°C for 3-4 ,‘
months.

The apparent Michaelis - Mantien constant (Km) for dihydroxyacetone
phosphate in the presence of saturating NADH is .3225 mM as seen in i

Figure 6. Dihydroxyacetone phosphate concentrations above 1.0 mM do

not fit a linear Lineweaver - Burk plot. The substrate inhibition
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exhibited was also found with the bee and rabbit erzyme (Baranowski,
1963; Marquardt and Brosemer, 1966 a). The enzyme fails to utilize
dihydroxyacetone as a substrate.

The effects of sulfhydryl reagents on the enzyme are seen in
Table 3. The enzyme is inhibited at fairly high concentrations of
N-ethylmaleimide (NEM) and p-hydroxymercuribenzoate (PHMB) but is not
affected by iodoacetic acid nor is activity stimulated by reduced
Gluthathione (GSH). Similar effects have been noted by Grant and
Sargent, for the enzyme isolated from T. rhodesiense (1956).

The Trypanocidal drug, Berenil (4,4' diamino-diazobenzene
diaceturate), inhibits L-a-giycerophosphate dehydrogenase at high
concentrations (50-100 ﬂg/ml reaction volume, see Figure 7). The
inhibitor concentration range is at the edge of the physiological
curative dose administered (1 MCD), This in vitr) data may be con-
trasted with a concentration of 5,ug/m1 ireaction volume wiich has

recently been shown to inhibit the Escherichia coli and Micrococcus

lysodeikticus DNA polymerase(s) (Pol. 1) (M. Zahalsky - personal comm-

unication). These results suggest that L-a-glycerophosphate dehydro-
genase may not be a primary site of action of the drug.

The isoelectric point of the purified enzyme was cbtained by iso-
electric focusing in polyaciylamide gel {see Figure 8). The PI is
pH 6.4 as may also be the case for the bee L-a-glycerophosphate dehydro-
genase, where crysta!]izétion by amuonium sulfate precipitation was
achieved at pH 6.4. Since crystailization occurs at pH 6.4 in the bee
enzyme isolation scheme, it i5 not surprising that the PI should also
be at this pH. The staining reaction seen at the proximal portion of

the gel may be explained by the higher pH optimum of the reverse

T O Oy W AR TRV (0 o T 707 50, YA 0 T o Y S s B s 5 MR o . ) 447 5 5
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reaction a-glycerophosphate —— dihydroxyacetone phosphate. At %‘“

these higher pH's a small amount of residue enzyme will stain intense-

1y, although only trace quantities of residue enzyme are present.
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DISCUsSioN

The presence of L-a-glycerophosphate dehydrogenase activity in

both the soluble and particulate fractions of Trypanosoma brucei cell

homogenate is similarly detected in cell-free preparations of other
organisms (e.g. rabbit muscle and bee thorax).

As reported for bee thorax muscle and rabbit muscle, treatment of
particulate fraction(s) with a membrane solubilizing agent such as
Triton X-100 releases enzyme into the supernatant. In these studies
we have been unable to discern any marked differences in the properties
of the enzymes within the particulate and soluble fractions. The
appearance of enzyme activity in these two fractions appears to be a
more general characteristic associated with other reported trypanosome
enzymes, viz. aldolase, hexokinase, and acid phosphatase have been found
in both the soluble and particulate fractions after differential
centrifugation ot cell free homogénates. Because of the uncertain
localization of enzyme activity obtained in these studies it is necess-
ary to establish a standard differeniial centrifugation procedure
utilizing marker enzymes, as has been done for rat liver (De Duve and
berthet, 1954). Likewise, it is'desirab1e to attempt to localize the

dehydrogenase-oxidase system in Trypanosoma brucei, since cytological

and bicchemical evidence from other systems have shown that L-a-gly-
cerophusphate is an intermediate in the synthesis of glycerophosphatides
(Kornberg & Pricer, 1953).

The ammonium sulfate purified L-a~glycerophosphate dehydrogenase
was obtained at relatively low yiéld, presumably because a large

fraction of enzyme remained particle bound. Analysis of the purified
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ammonium sulfate enzyme preparation b disc-gel electrophoresis

reveéls that the 50% ammonium sulfate 'cut' appears to consist mainly
of the enzyme. Impurities in this enzyme preparation are seen in

the disc-gel to the right of the enzyme-localized band. It 1is
interesting to note that after storage uf the 50% (NH4)2 804 enzyme
preparation at -70°C the dense band which previously appeared to the
right of the enzyme band dissappeared and instead one sees a faint ;j
region of contuminating proteins. However, under these same conditions
L-a~-glycerophosphate dehydrogenase did not exhibit any loss in activity.

The hign statility of this enzyme readily permits its isolation and

subsequent maintenance.

The appearance of ihree distinct electrophoretic bands suggests

that T. brucci a-giycerophnsphate dehydrogcnase may be present as

isoenzymes. We have no furthcr evidence on this matter and this

i possibility needs to be cxplored.

F The isclated enzyme appeai's to have a pH optimum in the near
neutral range and claose to the host blood pH for the reaction: dihy-
droxyacetone phosphate ——>L-a-glycerophosphate. At higher pH's the
reverse reaction is active. From the reports of other investigators

it anpears that this step is not.rate 1imiting in the overall reaction

! (Grant & Sargent, 1960). The observed pH optimum appears to be

F identical to that found for the bee thorax enzyme (pH 6.6) but different

from the rabbit enzyme optimum (pH 7.5). The bimodal curve obtained

with the T. brucei enzyme is also seen with the rabbit muscle enzyme

(Baranowski, 1963). The reaction favoring the formation of L-a-glycer-

P N ge———

' ophosphate is of metabolic significance in that L-a-glycerophosphate j

may be used to synthesize glycerophosphatides amongst other compounds.
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The Km of .3225 mM is similar to the Km c¢f the enzyme isolated
from the bee thorax. A Lineweaver - Buik plot reveals substrate
inhibition of the rabbit, bee, and trypanoscme enzyme(s). It is
possible that the decrease in activity at substrate levels >1 mM may
play a role in controlling the flow of glycolytic intermediates through
the glycerophosphate cycle.  Although the enzyme is inhibitable by
PHMB and other sulfhydryl reagents, the high concentrations required
to effect inhibition is similar to that found with the rabbit enzyme
but contrasts with what has been reported for the bee enzyme where
much lower mular concentration of PHMB inhibit enzyme activity. Since
neither 1072 M idoacetate nor reduced glutathicne (10'2 M) affect the
enzyme at the concentratinns used, these data suggest that inhibition
of trypanosome respiration by Sulfhydryl-reagents, or stimulation, as
previovsly reported, may occur elsewhere in the glycolytic pathway
(Fulton & Spouner, 1959). GCecause PHMB and NEM inhibit the enzyme
in vitro (though at relatively high concentrations), it may be that
the inhibitory effect in vivo may occur at the level of glyceralde-
hyde-3-phosphate. This postulated site of action remains to be tested.

Berenil inhibits L-a-glycerophosphate dehydrogenase at molar
con.entrations which approximaté the estimated curative dose as may
be given tc a parasitized host. Since the observed inhibitory
concentration in vitro appears to be at the edgc of what would be a
physiological level in vivo, it remains uncertain as to whether this
enzyve site of interaction in situ represents a primary mode of
action of the drug.

The isoelectric point, PI’ (zero effective charge on the protein)

was calculated to be pH 6.4. This value is considered to be highly
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significant in view of the fact that the bee onzvme exhibits least

solubility at this point and crystaliicas out cf solution. This
property may very likely be applied to the isclation of L-a-glycero-
phosphate dehydrogenase from T. brucei.

The enzyme properties reported on in this thesis (Km,pH optimum,
temperature stability, and substrate inhibition) appear in part to be
similar co those obtained for the enzyme isolated from bee thoraces.
Since this enzyme appears to play a key role in the metabolism of the
pathogenic nhloodstream trypanosomes, the studies initiated here may
be extended to advance our understanding of the metabolic pathways
of pathogenic trypanosomes - some of which may represent suitable

targets for chemotherapeutic agents.
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