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ABSTRACT

/ /7
The following characteristics of T. brucff pyruy~te kinase (PK)

were examined: pH optimum; temp. optimu ; K ’ Mg~ requirement; effect

of heterotropic modifiers; inhibi tion by A and pyruvate. The effects

of some trypanocidal agents on enzyme activity were also noted. 1.

brucei PK resembles the A isoenzyme In response to amino acids and is

sensitive to AlP but insensitive to pyruvate. Inhibition of activity

by Hydroxystilbamidine , Berenil (diminazene) and Isometamidlum was

from 35-50% of control s a 1O~ . With this preparation inhibition by

Antrycide (quinapyramine) a d yparsamide ranged from 5—1 0% of control s
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African bl oodstream trypanosomes of the evansi—brucei subgroups rapidly

but incompletel y oxidize ’glucose (Von Brand , 1951 ) to pyruvate, the

major endproduct. Under anaerobic conditions pyruvate and glycerol are

produced in equal amounts. The distribution of isotope in pyruvate and

glycerol and the amount of 14C02 generated when trypanosomes are incu-

bated wi th [2.3,4_ 14
c] — or [14c1j 

-glucose indicates that the Embden-

Meyerhof scheme is the major pathway of glucose utilization in vitro

(Grant and Fulton , 1957). The high rate of oxygen consumption during

gl ucose catabol ism is attributabl e to a coupl ed L-cz-glycerophosphate

dehydrogenase-oxidase system (Grant and Sargent, 1960). The extremely

high glycolytic rate in these organisms prompted a study of pyruvate

• kinase (PK). In other systems PK is at a control point between glycolysis

and gluconeogenesis, necessitating tha.t a negative cnntrol be exerted on

the enzyme (Seubert, 1971). Feedback inhibition by pyruvate does not

appear to occur (Seubert, 1968). At physiologic levels of enzyme, sub-

strate, and heterotropic modifiers there is negligibl e effect by pyruvate

on enzyme activity (Flory, et al: 1974). We report here on the isolation ,

partial purification and characterization of PK from bloodstream forms

of monomorphic T. brucei. We have also examined the effects of some

trypanocidal agents on enzyme activity.

MATERIALS AND METHODS

Isolation of trypanosomes: Laboratory mice were infected by the
6intraperitoneal route (ip.) with 6xlO trypanosomes in 0.2 ml IRIS—

glucose (TG) buffer, pH 7.4. These animals were the source of the or—

ganisms used to infect rats. Male NLR strain (National Lab. Animal Co.,

1
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Creve Cocur , Mo.) were Infected with sufficient trypanosomes to yield

8x10~ organisms/mi blood~within 72 hr. At the peak of parasitemla

- animals were etherized and bl ed by cardiac puncture using IRIS—glucose

EDTA (TG-EDTA) buffer, pH 7.5. The blood-buffer m1xtur~a was centri-

fuged at 1500 rpm (365xg) for 10 mm in an HB-4 rotor (Sorvall). The

supernatant was removed and the trypanosomes were gently resuspended

In buffer wi thout disturbing the blood layer beneath. The resuspended

trypanosomes were removed with minimal contamination , centrifuged at

- 
- 

2500 rpm (lO2Oxg ) for 10 mm and the supernatant discarded. The pellet

was resuspended In 16 buffer. This last suspension was freed of blood

cells by passage through DEAE-cellulose eluted with 16 buffer (Lanham ,

-
- 1968). By microscopic examination the filtrate contained only try—
- 

- 
panosomes. The filtrate was centrifuged at -2500 rpm (1057xg ) for 10

-
- m m  (GS-3 rotor), the supernatant discarded and the pellet resuspended

-
. In dist. H20 as: 1.0 ml packed cel l volume: 4 ml dist. H20. The cell

suspension was sonicated in the cold (Biosinik , macroprobe, setting 60)

to achieve 99% breakage, which occurred wI thin 2-3 mm , and the soni—
4 cate was centrifuged at 15,500 rpm (32 ,000xg) for 30 mm in a SW 27

rotor at 4°C (Beckman 12 Preparative Ul tracentrifuge). The supernatant

• fraction containing PK activity was stored at — 19°C untIl purification.

Streptomycin Sulfate (SMS) Fractionation: Thawed supernatant from the

ultracentrifugation step was brought to 2% saturation with SMS, allowed

to stand at 0°C for 15 mm and centrifuged at 13,000 rpm (22,000xg) in a

SM 24 rotor (Sorvall). The supernatant was removed and assayed for

protein, specific activity of PlC and the presence of contaminating

~~~~ _ _



enzymes (see below). Ammonium Sulfate (As) Fractionation: The SMS

supernatant fraction was~brouqht to 3O~ AS saturation at 0-4°C, centri-

fuged at 13,000 rpm (22,000xg) for 10 mm , the precipitate resuspended

In dist. H
2
0 and tested for the presence of PK and contaminating

enzymes. Sufficient AS was added to the 30% AS supernatant to achieve

40% saturation. Identical centrifugation , resuspension and assay

procedures were performed as for the 30% fraction. In accordance with

these procedures 45% and 50% fractionations were also performed. Maxi-

mal activity was obtained in the 40% saturated resuspended precipitate.

?yruvate Kinase: PK activity was monitored by noting the decrease in

absorbance of NADH at 340 nm in a 1.0 cm (path length) cuvette at 27°C

on a Cary 15 recording spectrophotometer. The standard assay conditions

were: 4.0 mM phosphate buffer, pH 75 , 8.0 mM MgSO4I 64 mM KC1, 0.14 mM

NADH, 0.6 mM phosphoenolpyruvate (PEP), 1.0 mM fructose—i ,6—diphosphate
(FDP), 1.5 mM ADP, 0.125 units bovine heart.lactate dehydrogenase (LDH), —

and 25 p1 of the enzyme preparation per ml of the reaction mixture.

L-cz—Glycerophosphate Deh~yçIrogena~e: L-a-glycerophosphate dehydrogenase

activity was monitored by noting the decreas-e in NADH absorbance at

340 nm. The assay components were: 0.14 mM NADH, 1.5 mM ADP, 1.0 mM

FOP, 1.5 mM dihydroxyacetone phosphate (DHAP), 25 p1 of the enzyme
preparation and 0.8 ml PlC mix. NADH Oxidase(s): NADH oxidase activity

was determined by utilizing the same assay components as for the PK

assay but wi th del etion of PEP and LDH. PEP Carboxykinase: The presence

• of PEP carboxykinase was determined by following the disappearance of the

enol band at 230 nm at 27°C. The standard assay conditions were: 0.6 mM

2.5 mM GDP , l O  mM FOP, 25 ple n  zyme pr rat Ion, 50 p1 H
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~ ~~~~~and 0.8 ml PK mix. Gel Chrornatoaraphy : When significant contamina—

- 
- tion by L- i-g1ycerophosp~~te dehydrogenase was detected, the prepara- +

tion was further purified on a Sephadex G-100 column using 0.2 H

phosphate buffer as eluant. Protein Assays: Protein in supernatants

was assayed by the method of Lowry (1951). Protein in the 30% and

40% amonium sul fate resuspended precipitates, and Sephadex fractions

was determined by the Warburg-ChrIstian method (1941).

ENZYME CHARACTERIZATION.

Temperature Optimum: PlC activity at 0C , 10°C, 27°C, and 37°C
was determined by the standard assay procedure with all components

equilibrated at the designated temperatures. pH Optimum: 
- 

The pH of

the PlC mix was adjusted to the desired value with either 0.lN MCI or

O.1N NaOH. Mg++ Dependency: PK activity at 0, 0.1, 0.3, 1.0, 3.0,

10.0, and 30.0 mM MgSO
4 
was obtained. The standard assay procedure

was used with del etion of MgSO4 from the PlC mix and addition of appro-

priate amounts of MgSO4 solution. Determination of Km: The standard

assay procedures was used to determine a Km. The amount of PEP was

varied as: 0, 0.01, 0.03, 0.06, 0.10, 0.3, 10, 3.0, 10.0, and 30.0 mM.
pH Effec t at Varying Substrate Concentrations: PK activity was tested

at the following substrate concentrations: 1.0, 1.5, 2.0, 2.5, 3.0,

3.5 mM PEP and at the following pH’ s: 6.1, 6.3 , 6.5, 6.7 , 6.9, 7.1-,
7.3, and 7.5. Inhibition by ATP: The specific activity of PlC in the
presence of the following concentrations of ATP was tested: 1.0, 2.0,

3.0, 4.0, and 5.0 mM. Inhibition by Amino Acids: The specific activity +

of PlC in the presence of L-alanlne, L-prol lne, or L-serlne (0.5-1.5 mM)

- - 
I-- 
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was tested. Endproduct Inhibition: The stanoard assay was used with

the addition of pyruvate~~s: 0.5, 1.0, 2.0, 3.0, and 4.0 mM. Effect
-4 -5 -6of Trypanoc~dal Ar’ents: PK was incuba ted with 10 , 10 , 10 or

of the following trypanocidal drugs: Berenil (diminazene),

Antrycide (quinapyramine), Isometamidium , Hydroxystilbamidine, and

Tryparsamide. In these assays a 0.1 mM triethanolamine (TEA) buffer

was used; all other constituents were constant.

RESULTS

Maximal PlC activity was noted in the 40% as fraction. The prepar-

ation showed activity by the major contaminating enzymes (NADH oxidase,
1. -glycerophosphate dehydrogenase, and PEP carboxykinase, and was

further purified on Sephadex 6-100 (Table 1).

Differences in protein concentration between the 30% and 40% frac-

tions was due to the presence of a greater amount of insoluble protein

In the former, The 40% fraction represents an —10- fold purification of

the enzyme. The Sephadex fraction represents a 42-fold purification.

The Km for pyruvate kinase was calculated as 1.75x10 5M . The

phenomenon of substrate inhibition was noted (Figures la, b, and c).

Al though PlC exhibited maximal activity at pH 6.4 (Figure 2) assays

were routinely done at pH 7.5 to provide stability of NADH. The specif-

Ic activity at pH 7.5 was —20% of maximum.

The temperature optimum was 27’C (Figure 3). Activity at 0°C,

IO C, and 3 7 C  deviated from the optimal rate by 75%, 58%, and 14%,

• respective ly .

~_ i 
~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~ ~~~ *‘~riv r~~wo~ ~
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A requirement for magnesium Ions was demonstrated (Figure 4).

Maximal activity was obtaThed at —9.0 mM Mq++.

A pH profile of enzyme activity at varying substrate concentra- +

tions was obtained (Figure 5). At lower PEP concentrations maximal

activity centered at —pH 6.4. This optimum shifted to pH 6.7 at the

highest concentration tested (3.5 mM).

PlC activity was inhibited by AlP in the range, 0.5 to 1.5 nil

(Figure 6). Inhibition was immediate and varied from 40% to 64% of

control values.

Inhibition by amino acids (heterotropic modifiers) was investi-

gated (Figure 7). L-alanine, L—proline , and 1—serine inhibited PlC

• activity. Inhibition by L-alanine (0.5—1.5 nil) was 18—26% of the

calculated specific activity of the control. Serine (0.5 mM) and

prollne (0.5 nil) activated PlC activity but not to any appreciable+ • extent. Inhibition by serine (1.0-1.5 mM) and proline (1.0-1.5 mM)

ranged from 11-27% and 7-32%, respectively.

Addition of pyruvate revealed both activation and Inhibition of

activity depending on the concentrations (Figure 8). The inhibitory

concentrations were 0.5, 1.0, 2.0, and 3.0 niH for 16, 19, 21, and 2%

inhibition, respectively. 4.0 mM pyruvate increased activity by 6%.

• A TEA buffer system was used to test the effects of various
trypanocidal compounds. This change in buffer system eliminated the

problem of drug-phosphate precipitation encountered at even the lowest

drug concentrations used. However, precipitation In TEA still occurred

at the higher drug concentrations with Isometaniidium , Beren ll, and
Antryclde. Hydroxystilbamidine, Beren il , Tryparsamide, Antrycide and
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• Isometamidium Inhibited PK activity at 10 H. The order of efficacy

was: Hydroxystilbam idin~ (52-60~’), Berenil (42%), Isometamidium (35%),

Antrycide (10%), and Tryparsamide (4.9-8.4%) (Table 2). Tn TEA buffer

the specific activity of PlC was —50% of that obtained in phosphate buf-

fer. Addition of drug to the reaction mixture did not affect the pH.

DISCUSSION +

1. brucei PlC exhibits maximal activity at pH 6.4 and 27°C. Most

reported pH optima are at 7.5, the minimal value at which NADH is stabl e

(Bucher and Pfleiderer, 1962). The value of 6.4 is in close agreement

with a reported pH optimum of 6.3 for C. fasciculata PK (Marr, 1973).

The temperature optimum for PlC has been reported to be 25°C and

37°C. This difference has been attributed to the use of a phosphate

buffer and the Inclusion of FDP in the reaction mixture (Flory , et al ,

1974) in contrast to others where imidazole-or TEA buffer was used with-

out FDP (Tana ka, 1967). 
-

• Pyruvate kinase binds two moles of PEP per mole àf enzyme, (Reynard,

et al., 1961). In Table 3 the Km values for various preparations of

PlC are listed. These values differ considerably even for the same

Isoenzyme. It would appear that the buffer system, pH and temperature

used in these determinations are critical . T. brucei PlC activity in

0.1 mM TEA buffer was —50% of the value obtained in 4.0 nil phosphate

• buffer. The concentrations of K+ and Mg++ are crucial to the determi-

natIon of the Km. If the K’ concentration is not at saturating level ,

Mg++ inhibits PK activity (Rose, et al., 1968). Substrate inhibition

‘I 
. 
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of yeast PlC at hig her PEP level s ( 1.0 mM) has been reported (Hess, +

1970).

The Km of 1. brucei PlC, determined from a doubl e reciprocal plot,
+ 

is 1.75 10 5M (Figure Ib). When a Michael is-Menten pl ot was obtained,

the Km value increased to 5.0 1O
4
M (Figure Ia). This difference may

• be accounted for by the fact that the val ues for the doubl e reciprocal

plot lay below the concentrations at which substrate inhibition occurred

(1.0 mM), whereas the Michael is-Menten plot utilized substrate concen-

trations In the range, 0.l—3~nM.

1. brucel PlC requires Mg++ ions for activity. Mg++ plays an essen-

tial role in the reaction mechanism and functions as a component of the

activie site of muscle pyruvate kinase (Mildvan and Cohn, 1965). A hy-

perbolic curve is obtained when Mg++ concentration Is plotted vs. PlC+ activity, with the maximal velocity occurring at about 8 niH Mg++. The

optimal Mg++ range has been reported as 3-8 mM (Carminattl , 1968).

• As an endproduct of the PlC reaction ATP acts as an isosteric in—

• hibitor. This inhibition is immediate and reversible by increasing PEP

or FOP concentrations. These properties are universal for all reported

PlC’ s and lI kewise, 1. brucei PK exhibits sensitivity to ATP. However,

the physiological significance of this effect is questionable when con-

sidered in terms of the dependence by the organism on glycolysis. It

seems unl ikely that In these organisms ATP wou ld accumu late to an extent
necessary to produce inhibition.

PlC isoenzymes [1, M, K (or A)], vary In their response to inhibition
or activation by amino acids. Both the L and A forms are allosterically

by alanine. Only L—alantne InhibIts at physiological levels (Carbonell , 

~~~~~~~~~~~~~~~~~~~~~~~~ 
--~~~~~~~~: 

--
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• 1973). The 0- and 8-alanine forms are without effect, and this dif-

ferential in specificity~ iou1d seem to el iminate the possibility that

alanine inhibition of the L and A forms is due to the structural simi-

larIty between alanine and pyruvate. The marked differences between

the responses of the I and M isoenzymes support the view of allosteric

rather than isosteric inhibition. Weber, et al., (1968) support the

idea of competitive inhibition. Variation in inhibition in the simul-

taneous presence of known inhibitory amino acids has led to the sug-

gestIon of mul tipl e regulatory sites.

Activation of the three forms of PlC by various amino acids has

been reported. Polar side chains decrease Inhibitory potential and

serIne activates both the A and H forms by approximately 25% (Ibsen

and Trlppet, 1974).

L brucel PlC resembles the A isoenzyme most closely in its response
+ - to amino acids. L—alanine inhibits whereas-L-serine and L—proline both

Inhibit and activate enzyme activity. Activation by serine occurs at

• 0.5 mM. Serine activation is dependent upon PEP concentration with an

Inflection point at 0.6 mM, the value used In the present assays. In

subsequent experiments variation In the PEP concentration plus increase

in serine concentration will be done. Activation by L-proline appears

to be unique to T. brucei PlC. The possibility of minor contamination of

• the final enzyme preparation with transaminase and/or decarboxylase ac-

tivities may mean that the effects noted for the amino acids (where

• inhibition ranged from as littl e as 7% to as high as 32%) could be con-

tributed to by competing reactions. 
• + 

•

I ~~~‘~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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• T. brucei PlC appears to be insensitive to feedbac k inhibition by

pyruvate. Over a concentration range of 0.5 to 4.0 mM pyruvate, enzym-

atic activity varied from 80% to 106% of the control value. This ab-

sence of feedback may merely reflectactial pyruvate excretion by these

organisms.

• The effects of several classes of trypanocidal compounds were noted.

The four classes examined were: arsenical (Tryparsamide), diamidine

(Hydroxystilbamidine and Berenil), phenanthridine (Isometamidium) and

quinaldine (Antrycide). It has been demonstrated that the oxidation of

keto—acids Is a key reaction in arsenical inhibition. (Peters, et al.,

• 1946). This does not appear to be the site of action In trypanosomes

which lack ct—keto acid oxidases (Ryley, 1955; Grant and Fulton, 1957).

Chen (1948) and Marshall (1948 ) identified the hexokinase reaction as
+ 

the site of arsenical inhibition. However, Cantrell (1953, 1954) showed

that glucose utilization in 1. eguiperdum was identical in both control

and experimental groups. Flynn and Bowman (1974) have reported inhibi—

• tion of ~~ brucef and 1. rhodesi~nse PK by melarsen and attribute try-

panocldal activity to reaction with intracellular thiol groups.

Tryparsamide (disodium N—phenylglycinamide p—arsenothioglycellate)

exhibits moderate trypanocidal activity and is valuabl e because it passes

the bl ood-brain barrier. In viva , Tryparsamide is probably reversibly

• hydrolyzed to arsenoxide and thioglycollic acid (Hawking, 1963). Try—

parsamide minimally inhibited T. brucei PlC (4.9% and 8.4% at 10 7 and
• 

• 1O 6M, respectively). The minima l inhibiti on noted may be due to con—

formatlona l and/or structural changes In the enzyme during the purifica-

talon process.

- ___________________________
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Two aromatic amidines tested were Hydroxystilbamidine and Berenil.

Diamidines appear to be t’apidly absorbed by trypanosomes (Girqla—Takl a

and James , 1974). Berenil has been shown to penetrate the kinetoplast.

(Newton, 1967). It has al so been suggested that Bereni l interferes

with carbohydrate metabol i sm (Bauer, 1958). Both Hydroxystilbamidine

and Berenil inhibited PlC activity at 10 7M (Table 2). Berenil inhibi-

tion suggests an action on carbohydrate metabol ism, in vivo .

Although isometamidium inhibited PlC activity by 55% at 1O 7M, gen-

erally Phenanthridinium compounds appear to exert their effect only af-

ter a latent period of 3-7 cell div isions. It has been postulated that

these compounds Inhibit the formation of some metabolite necessary for

cytokinesis, the delay suggesting the presence of a pool of that metab-

ol ite (Hawking, 1963). The mode of interaction between drug and enzyme

is unknown.

The j
~ 
vivo mode of action of Antrycide is thought to be similar

to that of the phenanthridines. In comparison with other compounds

tested, Antrycide exerted minima l inhibitory activity on PK activity,

I.e. 10% at lIf 7M. -

We are currently Investigating the nature of the drug—induced in-

hibitions of enzyme activity and are examining some mol ecular charac-

teristics of the enzyme protein , e.g. subunit composition. The immu-

nogenic properties of the purified preparation will also be examined.

AC KNOWLEDGEMENTS

We extend our appreciation to Dr. J. Joseph Marr and Dr. Edgar Stec k

for hel pful discussions. We are grateful to the following drug companies

who provided generous samples and information on the compounds: Farb-

werke Hoechst, A.G. (Berenhl); Imperial ChemIcal Industries , Ltd. (An—

trycide); May & Baker Ltd . (Isometamidium , Hydroxystilbamidine).

~~~~~~~~~~~~~ + ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~ • 
-
~~~

-— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•‘

~~
‘

~~~~ ~~~~~~~~~~~~~~~



• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

w i-
C

~1~~ l~~ II
• 4•) 4-)

.1- 0 U) U)
41 0 41
U) r 0  •

‘0 4’ • o
~ ‘~~ E

~~. 
o.j c~ ‘— r— , 4’U C . i— I I i— I S ~~ I C~ I ‘.0 I S I U ~~41 . . . . . . >, >

4’ ‘o- E a a ~‘ a a • 
-

‘0 0) 4)
S U

~ 
.‘; ~

o ~~ - I U) I ‘.0 S s .— I S I I 40
S 4) WI . . . . . . .

~~~ ~~~~
C uo. l a 0 0 - a a a ~~

- >,
• 0 ‘~~~ I x x0 2

10 1..
U 0 40

l~~~ ~~~‘4- •

41
N 4’

~~o ~~~~~~~~ ~ 0E~C ‘.1)1 0. 0. ~~ 0. ~~ C.~ LQ 0. ~~ (~ LU 0. ~~ C.~ LU I.

In I— ‘0
‘0 0 ‘4-
C C

c i  .1- ci
l1-~~~~I ~~ 0 U)
41 El U) U) ~~ - a
4’ ~..i .— N. C~ ,-. 41 0. E• 0 . . . 4) U)

• c’, a a a
~~ 0. 0

• 
.

• . S
U 0. ‘0

• I S 40CI 1. ‘0 U U I_ N ‘-~ N
ol 41 C ‘0 11.. 0.

.pI  0. 1.. 1. w ‘.n
41! ~~ ci I~~ ii.. 0. 0. <

• 401 Il ~~4’ Q.
S—I C In V) N101 t~. 4 0 ‘.5)4’01 C’~J 4-’ C 0 0 .CQ
45 d~~ ‘./) 40
I. ~~~ C ~~~4’ 04’ 0 ’  104k 41

~~~. In 4/) m



~~.—- . .—• -••—• ~~~~~~~

--- - -
~~
-— -

- 13

-

.

C
0

C 4’  O~
. U) U) + +

U .0 C’i (~ In ~~ ‘..j ~~It) ‘.0 C’) ‘0
0.. C

45
U,
40
C -
.4-

41 C
4’ .

~~~
‘0
~~. 4)4.)
~ •‘- o r- ‘- ‘.0 • ‘0 U)

a a ~~- ~~->~ .r- 0. 0 0 0 
• 

0 
• 

0
uc a a a o . a a 0

~~
-

• 41 +5 +1 +5 +5 +5 +5 +1
U U C
~~~ 

.4- IS) ~~ 0’. ‘.0 c’ r.- ‘.‘)
1- ‘.4- E ~~~ U) 

~~ ‘0 It) C’..) c)
.r- ...

• ~~~ ~~~~~~~~~ ° 0 T ° T ~ °
‘0

5 C
e

•1~•
p-.
‘0 P’ ‘0 i’. N. ~0 N. N.

S- S.. I I S I I S I
• 4 ) 1 0  0 0 0 0 0 0 0U Cu— .— i— I— ~—0 4 10

• I-.
‘I-0
VS
4)
U 11-

-

~~~~ ~iIIi
- ~~‘ — I-

-~~~~~~ ________ ~
- —— - 

~~~~~~~~~~~~



_ __ _

_

14

.,

S
‘4-ci

ci
I.
4) Li Li Li Li Li Li Li
10 Li- 0 0 0 0 0 0

4) 5.. 0 N. P.. N. U) It) LI) N.
‘.5) ci 0 C’) C’) C’) C.J 1~4 (si C’.J
40 0.
C
.4-

~‘ 
. 5-

4,
41 -
40

C

A. CO N. P. N. N. N. ‘.0 5’.

In .E
4.’ 4) . ci ci ci ci ciC 41 4) 4.)

U) 0 0 0 40. 40
• I’) >, N N N .C.15) In 40 40 40 0. 0.

41 C I ~~ U) U) 15) 45)
u- 0 1. - 1- 0 ~~ ~~ 0.0 Li ci E E E .0 S.. 5.. .0

• 
40 ‘4- — — 4-4 0. 5— I— 0.

+ 4i -41 ~~C •

ci

VP

I; In
10 0 0 0 0 0 0 0 0.0 u- .- u- u- .- - .- p- u-
.
~~ ~~ x x x x x x x x

U) C’) U) 0’. C’) InCs) N. 5’. CO CO N.

1..
0
0.

4) 4)
C .40 ‘00 U U ~~ ..J 4.) 4.)
.4- 45) 45) 40 40

• - -
.~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• S.. > > U U U40 4) 4.) ~~ ~~• 0. • - ..J J ~~1 U U S.-41 .0 .0 U) U) .0

~~~ 
•



-- —-~ ---— ~~~~~~~ - +-•~~~~~ --~~~~~~~~~ •-~~~~- - - -- -- -~~~~~~~~

S

- 
15

LITERATURE CITED

Bauer, F. (1958) “Uebe~ den Wirkungsmec hanismum des Berenil (4,

4’—diamidino diazoaminobenzol) bei Trypanosorna conaolense. II

Zentr. Bakteriol . Parasitenk. Abt 1 orig. 172:605. In Experi-

mental Chemotherapy. (1963) F. Hawking. Vol. 1. Academic • 

+

Press, New York, p. 178.
Cantrell , W. (1953) “The Effect of Mepharsen on the Glucose Metabo- 

+

F lism of T. eguiperdum .” J. Infectious Diseases. 92:191.

Carbonell, J., J. Fel ice, R. Marco, and A. Sols. (1973) “Pyruvate

Kinase. Classes of Regulatory Isoenzymes in Mammalian Tissues.”

Eur. J. Blochein. 37:148.

Carninatti, H., L. de Ashua, E. Recondo, S. Passerson, and E. Rosenqurt.

(1968) “Some Kinetic Properties of Liver Pyruvate Kinase.” J. Blol .

Chem. 243:3051. -

4 Chen, G. (1948) “Effects of Arsenicals and Antimonials on the Activ-

Ity of Glycolytic Enzymes In Lysed Preparations of ~~ equiperdum.”
- 

.3. Infectious Disease. 82:226.

Flory, W., B. Peczin , R. Koeppe, and H. Spivey. (1974) 51Klnetlc

Properties of Rat Liver Pyruvate Kinase at Cellular Concentrations

of Enzyme, Substrates, and Modifiers.” Biochem. .3. 14:127.

Flynn, I. and I. Bo~anan. (1974) “The Action of Trypanocidal Arsenical

+ Drugs on Trypanosoma brucei and Trypanosoma rhodesiense ” Conip.
• Biochem . Physiol . 48B:26l.

• Grant, P. and ‘.3. Fu I ton. (1957) “The Catabolism of Glucose by Strains

of Trypanosoma rhodestense.” Biochem. 3 66:242.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J



• S

- 16
S

• Grant, P. and J. Sargent. (1960) “PropertIes of L-ct-G1ycerophosphate

Oxidase and Its Role ~in the Respiration of Trypanosorna rhodesiense .”

Biochern. 3. 76:229.

Grant, P., 3. Sargent, and 3. Ryley. (1961 ) “Respiratory Systems in

the Trypanosomidae.” Biochem. J. 81:200.

Hawking, F. (1963) Experimental Chemotherapy. Vol. 1. Academic Press,

New York.

Ibsen, K. and P. Trippet. (1974) “Effects of Amino Acids on the

Kinetic Properties of Three Noninterconvertable Ray Pyruvate Kinases.”

Arch. Blochem. BIophysics. 163:570.

Krebs, H. and L. Eggleston. (1965) “Role of Pyruvate Kinase in the

Regulation of Gluconeogenesis.” Biochem. 3. 94:3c.

Lanham, S. and 0. Godfrey. (1968) “Isolation of Salivartan Trypano-

somes from Man and Other Mammals Using DEAE-CelIulose.” Exper.

- 
- 

- Paras. 28:521. 
- 

-

- 

- Lowry, 0. (1951) “Protein Measurement with the Folin-Phenol Reagent.”

Chem. 193:265.

Marr , 3. (1973) “RegulatIon of Aerobic Fermentation In Protozoams.

III. Apparent Unimportance of Pyruvate Kinase in Carbohydrate

Metabolism.” Comp. Biochem. Physlol. 498:531—545.

- Marshall , P. (1948) “The Glucose Metabol ism of 1. evansi and the

Action of Trypanocides.” Brit. J. Pharmacol. 3:8.

Newton, B. A. and LePage, R.W.F. (1967) Prefential Inhibition of

Extranuclear DNA Synthesis by the Trypan~:ide BereniL. Blochem. 3.
- - 

105:50 +

a

S



a- -

+ • 
17

Peters, R., H. Sinclair , and R. Thompson. (1946) “Analysis of the

Inhibition of Pyruvate Oxidation by Arsenica ls in Relation to

Enzyme Theory of Vesicatioh.” Biochem . J. 40:516.

Reynard, A., 1. Hass, 0. Jacobsen, and P. Boyer. (1961) “The Cor-

relation of Reaction Kinetics and Substrate Binding with the +

Mechanisms of Pyruvate Kinase.” J .B iol . Chem. 236:2277.

Rose, I. and Z. Rose. (1968) “Glycolysis: Regulation and Mechanisms

of the Enzymes.” In Comprehensive Biochemistry. Vol . 17. M. Florkin

and E. Stotz, ed. Elsevier Publishing Company, New York, p. 93.

Ryley, 3. (1955) “Studies on the Metabol ism of the Protozoa: VII.

Comparative Carbohydrate Metabolism of Eleven Species of Trypano-

somes.” Biochem. 3. 62:215.

-
. 

Seubert, W., H. Henning , W. Schoner, ~nd M. Lage. (1968) “Effects of

Cortlsol on Level s of Meta bolites and Enzymes Controlling Glucose

Production from Pyruvate.” Advan. Enzyme Regul . 6:153.

+ 

+ Seubert, W. and W. Schoner. (1971) “The Regulation of Pyruvate Kinase.”

Current Topics In Cellul ar Regulation. 3:237. -

Tanaks, 1., Y. Harano, F. Sue, and H. Morimura. (1967) “Crystalliza-

tion, Characterization and Metabolic Regulation of Two Types of

Pyruvate Kinase Isolated From Rat Tissues.” J. Biochem. 62:71.

Takia-Girgls, P. and James, 0. N. (1974) “In vitro Uptake of Isome—

+ tamidium and Diminazene by Trypanosoma brucei. Antimicrob. Agents

and Chemother. 6:372-374.

Von Brand, 1. (1951 ) “Metabolism of Trypanosomldae and Bodnidae.”

• In Biochemistry and Physiology of Protozoa. A. Lwoff, ed. Academic

Press, New York, p. 177.

a

- 
_i - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A



_________ -

S -

18

Warburg, 0. and W. Christian. (1941 ) “Protein Estimation by

Ul traviol et Absorption.” Btochcm . Z. 310:384.

Weber , G., N. hea , and N. Stanin. (1968) “Sequential Feedback

Inh ibition and Regulation of Liver Carbohydrate Metabol i sm

Thr;: . . r ~ Ccntrol ~f ~:~~~~~~~
- +
-
~~~ AL ti v;ty .” ir. ! i v ~.~~-~~- s T r 

______

I 

~ / ~ t•_ 
t 

— ‘•- ‘—

S -

V

U

I. -

_  
_


