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Abs~~,ct
Several trypanocidal drugs were tested for possibl e inhibitory

activity towards DNA (p01 . I) and RNA polymerase. These chemothera-

peutically active agents are thought to inhib it nucleic acid syntheses

In African bloodstream trypanosomes. In the isolated DNA and RNA re-
actions those compounds that were most inhibitory include Isometami-

dium, Berenji (d iminazene) and Hydroxystilbamidine. In some cases

inhibition of the DNA polymerase reaction could be rel ieved by the

Input of additional enzyme and/or template-primer. RNA pol ymerase

activity appeared to be inhibited in direct proportion to the amount

of drug bound to the template.
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Introduction

Some chemotherapeutic agents active against bl oodstream forms of

the African trypanosomiases in man and livestoc k incl ude phenanthri-

dinium drugs (Ethidium , Isometamidium and Prothidium), diamidine den y-

atives (Berenil , Hydroxystilbamidine and Pentamidine) and the aminoqui-

nald ine compound, Antrycide. In field use these agents exhibit varying

degrees of prophylactic activity against members of the congolense-

vivax, evansi-eguinum-eguiperdum and brucei subgroup organisms1 .

Studies on the mode of action of these metal-free trypanocides on

insect trypanosomatids includes evidence that Antrycide inactivates

Crithidia ribosomes in vitro2 and selectively affects utilization of

exogenous adenine by C. oncopelti3. Berenil induces dyskinetoplasty in

Trypanosoma evans i4, Is rapidly taken up by the kinetoplast of I. brucei

and I. mega5 and appears to bind preferentially to DNA of high A+T con-

tent6. Other evidence Indicates that Berenil reversibly inhibits DNA

and RNA synthesis In I. brucel in vivo7 and may induce a state of unbal-

anced growth in the bloodstream forms. The effect of some trypanocides

on the RNA polymerase reaction has previously been noted8 and related

to the probable in vivo action of these compounds.

At the ultrastructure level Berenil treated I. rhodesiense show

fragmentation of the kinetoplast DNA (K—DNA )9 as do organisms exposed

to Hydroxystilbamldlne10. Al so , an increase in the proportion of doubly

branched structures of the small circul ar—K-DNA of 1. cruzl was detected

following exposure to Berenil 11 , possibly indicating blockage by the

drug of replication at presumably regularly distributed AT-rich regions

of the K-DNA minicircies.

_ _ _ _ _  
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These and other findings 12 ’13 have led to the suggestion that tryp-

anocida l aromatic diamidin e and phenanthridinlum derivatives exert their

effect(s) by inhibiting nucleic acid metabol i sm or synthesis. The pres-

ent studies examine the activity of some trypanocidal drugs on the iso-

lated DNA and RNA polyinerase reactions. Supportive evidence for the

action of drugs and other molecules on replication and transcription

can be drawn from the effects of these drugs on polymerase reactions

In vitro. Such studies have shown that purified DNA(s) and heterolo-

gous pol ymerase(s) (31,32,33) are useful in assessing potential drug

action on intact cells in culture (32,34,35), isolated nucle ic (31,32) ,
and endogenous enzymes (31,36). The results obtained are discussed

with reference to their likely mode of action in vivo.

Materials & Methods

A. Labeled Compounds and Biochemicals: [methyl -3H-dTTP] and

j [5-3H-UTP] (sp. act. 57 Cl/mole and 21 Ci/mmole respectively) were pur-

chased from the New England Nuclear Corp., Boston, Mass. Unla beled nu-

cleoside-5’-trlphosphates and reaction mix components were obtained from

the Sigma Chemical Co., St. Louis, Mo. as the highest purity compounds

available. Glassfiber or paper discs (Whatman #3, 25m) were used in these

j assays. It was determined that the counting efficiency of radioactive DNA

on the paper discs was -.30% in comparison to 45% on glass fiber discs.

B. DNA Polymerase Assays: (I) E. c.oZA. V~1A po vw.ie.. (s.C. 2. 1. 1. 1) .

Highly purified Fraction VII (General Biochemicals , Chagrin Falls , Ohio)

in the presence of heat-denatured template was used to monitor the effects

of drug additives on the -corporatlon of [3H]dTMP into acid-insol uble DNA.

The standard assay syste~ contained the following constituents in a final
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volume of 0.1 ml : TRIS-HC1 , 10imole; MgCl 2, 0.7~imole; 2-mercaptoethanol ,

0.l~mo1e; 2Onmoles each of dCTP, dGTP, dATP; 20 nmoles dTTP containing
l~CI [3H]-dTTP; E. col i DNA polymerase, 0.2 Units and heat denatured Calf

Thymus (CT ) DNA, 0-l0iig, pH 7.4. Incubation was carried out at 37°C for

60 m m .  after which the mixture was assayed by the filter paper disc pro-

cedure of Bol1um 14. The filters were batch washed 2X (30 mm /wash) with

5% trichloroacetic acid (TCA) containing 1% pyrophosphate (Na4P207), 2X

with TCA containing 0.1% ATP, then 2X wi th abs. EtOH (5 mm /wash) and

finally wi th ether for 5 m m .  The total volume of wash fluid for each

disc was 10 ml. Subsequent to the ether wash the discs were dried for

10 mm at 30-50 C, placed in vials to which 10 ml toluene based scintil-

lation fluid was added (5g PPO + 0.15g POPOP/liter toluene) and counted

In a Packard TriCarb Liquid Scintillometer.

(ii) Co2~-Thynva VNA po~qine..~a.~~ (replicative deoxynucleotidyl transferase).
• CT-DNA polymerase (General Blochemicals, Chagrin Falls , Ohio) in the pre-

• I sence of heat denatured template was used to monitor the effects of drug

additives on the Incorporation of [311]-dTMP into acid-insoluble DNA. The

standard assay system contained the followi ng in a final vol ume of 0.lml :

KH2P04, %moles; MgC12, 0.8~moles; 2-mercaptoethanol , 0.1 moles; lOnmoles

each of dCTP, dGTP , dATP; l Onmoles dTTP containing 0.5pCl [3H]-dTTP;

CT-DNA polymerase, 0.06-0.6 Units and heat denatured CT-DNA, O-lOiig,

pH 7.0. Incubation was carried out at 37°C for 60 mm and the discs

treated as described In (I).

C. RNA Polymerase Assays: E. coU K 12 RNA potymexa.6e (E.C. 2. 7 .7 .6) .

(General Blochem ica ls , Chagrin Falls , Ohio) was used to monitor the effects

of drug additives on the DNA-Dependent incorporation of [3H]-UTP In to

~ 
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acid-Insoluble RNA. The standard assay system contained the following in

a final volume of 0.1 ml: TRIS-HC1 , %mole; 2-mercaptoethanol , l.2umole;

4Onmole each of AlP, CIP, GTP; 40 nmole hIP containing O.5pCi of [3H)-UTP,
pH 7.9. Immediately prior to performing the assay(s) the following

components were added : MgCl 2, 0.4iimole; MnC1 2, O.1~jmo1e; C. col i RNA

polymerase , 0.1-0.8 Units and O-l0~g DNA template. Incubation was

carried out at 37°C for 30 mm and the discs treated as described in

(1) above except that the last 5% TCA wash contained 0.01% hIP.

D. Drug Solutions: All drug solutions were made up in .015M,

NaC1 , pH 6.0. Freshly made up solutions were kept in the dark at 4°C

until used. Under these conditions solubility problems were encountered

with Antrycide and Bayer 2502.

A _ _ _ _ _ _ _ _ _ _- —  •- -- • —  - - -  • -•  ::~~~:— --
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Resul ts

The dependence of the DNA polymerase assay on both template-primer

and enzyme Is seen In Fig. 1. The rate of incorporation of (3HJ-dTMP

with Increasing amount of enzyme Is nearly linear over the range used , 0-0.4

Units/assay. A maximal rate of incorporation of [3H]-dTMP occurs at a

concentration of —8O~g/ml heat-denatured CT-DNA. These results indicate

that in the DNA polymerase assay system used in these studies (—9O~ig/m1
DNA + 2 Units enzyme/ml) the DNA Is at saturating level and the enzyme

Is limiting. The DNA concentration of 9~ig per assay is equivalent to

-29 miimoles as deoxyribonucleotides. At this l evel any drug interfering

with the ability of the DNA to act as a template-primer would be expected

to cause considerabl e Inhibition of the reaction rate.

In this and all other assays duplicate determinations were performed;

the agreement between the two values was almost always within 5% of the mean.

The reaction was completely dependent upon the addition of DNA. When

dGTP, dATP or dCTP were omitted from the reaction mixture, either singly
• or In combination the incorporation of 3H-dTMP was reduced to less than

• 5% of control values . In the presence of 9~ig DNA/assay the reaction pro-

ceeded at a constant rate for 90 mm , and the effect of enzyme concentra-

tion ~~s found to be l inear up to a concentration catalyzing the Incorpor-

atlon of 400-450 picomoles of [3H]-dTMP during .a 60 mm Incubation.

E~~ec.t~ o~ T panocA4aL Agen.to on ~the VNA PoZ~fme.wAe Reae..tA.on

Figures 2A , 2B and 2C illustrate the effects of various drugs on DNA

pol ymerase activity. Isometamidlum and Ethid ium completely inhibit at

lOOpg/ml , indicating high affinity for the template and/or enzyme. Bere-

nil , Hydroxystilbamidine, Propamidine and Stilbamidine ~~e almost e~~aliy
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effective as inhibitors , all approaching 80-90% Inhibition at the con-

centrations tested. Other evidence (see Table 1) suggests that these

compounds interact with the enzyme but that binding is not as tight as
that which occurs wi th Isometamidium and Ethidium . Al though Primaqu i ne

has been reported to inhibit DNA polymerase activity15, this drug stim-

ulated the rate of Incorporation of [3H]-dTMP. The somewhat reduced

effectiveness of Antrycide and Bayer 2502 may be a consequence of solu-

biuity problems, al though Antrycide was almost as effective an inhib-

itor as the diamidines . Similar results were obtained using C. col i

DNA polymerase (Fraction IV) or calf thymus DNA polymerase.

Vepende.nc.e o~ tht RNA Po ttj rne .itw Ao6o~y on Ternpea te and Enz~jme

As shown In Fig. 3 the rate of incorporation of L:3H)-UMP with arith-

metic Increase in the amount of enzyme/assay is very nearly linear over

the range, 0-12 UnIts/assay. Wi th heat-denatured CT-DNA as template the

incorporation of [3H]-UMP Is highest at lO0~g/ml. Under the conditions

employed in the standard assay system the DNA is saturating.

• • E~~ect6 o~ TkypanocJ 4cJ~ Age~n.t6 art ike~ RM& PoLym~.na.oe. Re.~c..tAort

In Figs. 4A-B, 4C-D, and 4E-F drug inhibitions are compared using

heat-denatured or native CT-DNA. Both Ethidium and Isometamidium show a

• • ~8O% inhibition of activity, probably reflecting a tight template binding.

At higher concentrations Berenil inhibits activity wi th heat-denatured
• DNA, contrasting with a 10% or less Inhibition when native DNA is used.

At lower concentrations Antrycide stimulates activity with native DNA

whereas at higher concentrations Inhibition approaches 100% with both

sources of template . Propamidine appears to stimulate activity with

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ . _ -~~~-•~~~~~ -~~~~~~~~~~~~~~~~~~~~~~
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heat-denatured DNA and exhibits only about 20% inhIbition at higher

concentrations with either template. Primaqu ine and Bayer 2502 both

stimulate activity somewhat at low concentration with heat-denatured

DNA but inhib it activity by 40-50% at higher drug concentrations using

either template. Hydroxystilbamidine and Stilbamidine exhibit similar

curves of Inhib ition. At-low Stilbamidine level s polyinerase activity

is stimulated in the presence of heat-denatured DNA.

E~~ect o~ a Con~~a.n.t Arnoan.t o~ V’uLg 14) on E. coiL VNA PoLtjmvr~a4e AciLvLty
U~ Lng Atte.kna.t~ Enzyme and VWA Concentka.tLon4

Figure 5A reveals that at the lower DNA concentration inhibition of

polymerase activity is somewhat alleviated by the higher enzyme l evel in

the case of Ethidlum (38% of control at 0.3 units vs. 19% at 0.1 units).

The ex tent of inhibition wi th Berenil Is the same (—30% ) at both enzyme
levels, whereas no Increase in activity is seen with either Antrycide or

Isometam idium.

At the higher DNA level (Fig. 5B) incorporation In the presence of

Ethidlum or Berenil is similar , I.e. activity at either enzyme level is

near 30% of the control value. Similarl y, the inhibition by Isometamidlum

is near 25% of the control value. Wi th Antrycide (55% of control at 0.1

unit), additional enzyme slightl y enhances incorporation, to the extent of

27% of the control value at 0.3 units.

In these experiments the presence of additional enzyme generally re-

suited in increased Incorporation. However, with the exception of Ethidlum

(Fig. 5A), allev iation of inhibition did not occur. In the case of Antry-

dde or Isometamid ium additional enzyme either resulted in no increase in

incorporation (5A) or relatively diminished Incorporation (5B), sdggestina

that their interaction with DNA polymerase is greater than the affinity

shown by Beren I 1 or Ethidlum.
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E~~ec.t o~ Tn.qpanoc14c2 Ageivt~ on the T.&ne Dep endence o~ RNA SyntJlea.i~4.

As noted in Fig. 6 the extent of drug inhIbitions increased some-

what during the first 20 m m .  Subsequently the rates of synthesis tended

to increase and the rate achieved in the presence of Berenil nearly

equaled control values after 45 m m .  These results suggest that the ob-

• served decrease in inhibition may be due to the formation of a drug com-

plex with the product macromolecule as this accumulates , thereby rel eas-

• ing template sites which then become availabl e for polymerase activity .

It should be noted that in this Figure the ordinate designation as ‘% of

Control ’ is appl icabl e to all time points on the abcissa.

Recoven.y o~ DNA Po mvta.6e Aa-tLv~L.ttj WJ ~.th Temp&vte P’th~ex on. Enzyme AddLt~ort.

The results noted in Table 1 attempt to determine to what extent

[3H]-ThP incorporation could be recovered by the input of additional tem-

plate-primer or enzyme at 2X and 3X normal assay levels. The annulment
of drug Inhibition by the addition of DNA or enzyme appeared to identify

four categories of effects: (I) fully al l eviated [Antrycide, Isometami-

d ium, Stilbamid ine) or by no less than 70% of control values [Bayer 2502,

Berenll j by additIon of either 9.25 or l8.5~g DNA/assay , (Ii) recovery of

50-60% of activity by Input of additional enzyme (Antrycide ., Berenil ,

Isometamidium, Propamidlne and Stilbamidinel , (iii) no recovery of activity

upon addition of DNA [Propamidlne] and (iv) stimuiatory effect by the ad-

dition of DNA [Hydroxystilbamidine, Primaquine] or enzyme (Bayer 2502,

Primaquine]. When the alleviation of inhibition of a particular drug is

• compared for added DNA vs. added enzyme the 70-95% effectiveness of DNA ,

- ~~~~~~~~~~~~~



in the case of Antrycide, Beren il , Isometamidium and Stilbamidine con-

trasts with a recovery of only 35-60% of activity when additional

polymerase Is added.

These data appear to be consistent with the findings of Waring 8

who noted that inhibition by Ethidium and Suramin in the RNA polymerase

reaction was related in a competitive fashion to the concentration of

DNA. In those cases noted here, where recovery of approximately half

normal incorporation was obtained by the input of additional polymerase,

competitive annulment of [drug:enzymej interaction and/or possibl e dis-

placement of charged drug mol ecules from the primer terminus or templ ate

binding sites on the enzyme may account for the observed alleviation(s).

The results in Table 1 prompted an examination of the consequence

of the order of addition of components in the assay procedure. In Table

2 it may be noted that when the template-primer was added as the final

component the inhibitions obtained were significantly higher than when

drug or enzyme was added last.

.
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DISCUSSION

In the absence of pharmacologic barriers to the establistr~ent of

effective bl ood titres in the animal host16 , and barring problems in the

transport of drug molecules across the trypanosome cel l boundary17 , the

distinction between slow (24-48 hr onset) and the more rapid acting

(—2-10 hr onset) trypanocidal agents18 could reflect differential uptake

and bind ing affinity by multipl e intracellular loci , e.g. nucleu s, kinet-

oplast , lysosomes, cytosol. The lethal effect (clearing ) by these corn-

pounds on trypanosomes may also reflect a composite of damaging events

rather than a select chemotherapeutic target. Such effects could include:

(I) release and/or activation of lysosomal enzymes, (ii) Inhibition of

• replicative and transcriptive enzymes in situ and (iii) stoppage of nu-

cleic acid synthesis due to non-covalent interaction wi th the DNA template6.

• Interference with glycolysis , the sole energy deriving pathway of the path-

ogenic bl oodstream forms’9, also represents a possibl e additional target of

these metal -free trypanoc ides20.

Under field conditions the demonstrated efficacy of the less toxic

d iamidine and phenanthridinium derivatives for different subgroup species

• of African bloodstream trypanosomes1 suggests that differences In species

susceptibility may be a consequence of subtle differences in membrane and

enzyme structure, hence the possibility of altered binding affinities

within these organisms. Slight alterations in molecular composition or

t conformation, could also expla in the sensitivity of some drug—resistant

strains to other trypanocides, frequently of a different chemical class21.
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Some lines of evidence which support a -binding affinity by cationic

trypanocides for intact trypanosomes and organel les in other cells in-

clu de reports of tight cellular bind ing22 and stabil ization of lysosomai

membranes by Suramin23 , marked sensitivity of kinetoplast DNA to Antrycide24,

the appearance of lysosomes filled with Stilbamidine (chemotherapy granules)25’26,

combination of nuclear DNA but not RNA with Hydroxystilbamidine26’27 and the

shared ability by Ethidium Bromide and Antrycide to block nucleic acid syn-

thesis28’29. Al though Insect trypanosomatidS have a demonstrated usefulness

In determining the uptake of antiprotozoal drugs by intact cells and their

particula te fractions30 investigations on the mechanisms of drug action may

more rel iabl y lie with direct in vivo studies on bloodstream forms in the

trypanosome parasitized host7 .

The present studies confirm the findings by Waring8 on the potent in-

hib itory effect by Ethidium and Prothidium on RNA polymerase, and extend

this line of investigation to other trypanocidal agents and their effect(s)

on the DNA polymerase reaction. Our find ings also correlate with the known

ability by these compounds to complex with template-primer. The inhibitions

In incorporation of deoxynucleoside monophosphate by both slow (Antrycide,

Isometamid lum , Hydroxystilbamidine) and more rapid actlnq trypanocides

(Berenil), and the Inability to recover control l evels of incorporation by

the input of additional enzyme With either class of drug , suggests that in

the isolated state DNA polymerase exhibits a somewhat non-specific affinity

for these compounds. The cationic character of the drug molecules at the

as say pH, and therefore their potential for Interaction with anionic polymers,

also suggests the formation of several equilibria in solution during the

--—- -- - 
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reaction period. The most significant of these would seem to be the

association-disassociation for [drug:template] vs. [drug:enzyme] at

saturating drug level . In the case of Antrycide, Isometamldium and

Stil bamidIne the 70-95% rel ief of inhibition upon Input of additional

template-primer , in contrast wi th the results obtained wi th Propamidine,

• may signal drug displ acements resulting from shifts In binding affini-

ties. Consequently, a resumption of incorporating activity could occur.

We are currently attempting to isolate DNA polymerase from bloodstream

organisms to extend these Initial studies to the trypanosome enzyme.
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Table 2. Effect of the Sequence of Addition of
Components on DNA Polymerase Acti vity

DNA Added Drug Added Enzyme Added Turbidity
DRUG mM Last Last Last

Control - 100 100 100

Antrycide W57 0 0.224 0.7 11 0.6
Antrycide W570 0.336 1.1 2.2 1.3 +

Bayer 2502 0.348 40 88 82 0
• Bayer 2502 0.522 34 91 - 92 0

Berenil 0.039 30 64 63 0
Berenil 0.058 25 61 50 0

Ethidium Br. 0.025 15 114 16 0

• OH-Stilbamidine 0.188 36 50 50 0

+Isometamldium 0.035 22 42 33 -

Primaquine 0.440 67 119 131 0

Propamidine 0.354 18 38 33 0

Sti l bamidi ne 0.097 27 41 59 0
Stilbamidine 0.145 25 45 54 0

All values shown are percent of control . The Controls represent assay with E. col i
DNA polymerase (pol. I) and heat-denatured CT-DNA in the absence of drug. The 100%
values represent approximately 400 picomoles [“H]-dTMP incorporated in 60 m m .  Com-
ponents of the assay are as described under ‘Methods’ . After buffer and appropriate
precursors wer~ mixed , the DNA , drug and enzyme were added . The mixtures were in-
cubated at 0-4 for 10 mm between each of these three final additions.

Turbidity was assessed visually in the reaction mixtures in the absence or presence
of DNA polymerase: there was no change upon the addition of enzyme. 0 means no
turbidity or precipitate ; ± means perceptible turbidity but no visible precipitate;
+ means moderate turbidity and perceptible precipitate .
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Figure 1.

Dependence of E. col i. DNA polymerase activity on heat-denatured CT-DNA

and enzyme. Increasing amounts of CT-DNA were added to 0.2 unit of DNA polymerase (Pol I)

(o—o) and increasing amounts of enzyme were added to 9.5 pg CT-DNA (~
—

~)•

Assay conditions and components are described in the “Methods”. Subsequent assays

contained 0.2 unit of enzyme and 9 to 10 pg of heat-denatured or native CT-DNA in

a total reaction vol ume of 100 ~l.
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Figure 2A.

Inhibition of E. coil DNA polymerase activity by Antrycide (quinapyrammne ,

dimethosulfate form) ~—4, Bayer 2502 X—~ and Primaquine -~——<. Each assay

contained 0.2 unit enzyme and 9.3 pg heat-denatured DNA. The Control asssy in

this experiment incorporated 150 pmoies of 3H-dTMP in 60 mm at 37°.

Figure 2B.

Inhibition of E. coi l DNA polymerase activity by Berenil (diminazene)o—o

Ethidium bromide ~J—.-~ and Isometamidium v—v. Assay components and conditions

were as in Fig. 2A. The Control assay in thi s experiment incorporated 252 pmoles

3H-dmP in 60 mm at 37° .

Figure 2C.

Inhibition of E. coil DNA polymerase activity by diamidine class trypanocidal

agents: Hydroxystilbamidine ~~
-_-_

~~~, Propamidine D’—~’and Stilbamidine ~~
—

~~~~~•

Assay components and conditions were as in Fig. 2A. The Control assay in this

experiment incorporated 350 pmoles 3H-dTMP in 60 mm at 370~

. 
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Figure 3.

Dependence of the E. coli RNA polymerase activity on heat-.denatured CT-DNA

and enzyme. Increasing amounts of CT-DNA were added to 3 units of E. col i K12

RNA polymerase (o—o) and increasing amounts of enzyme were added to 9.1 pg

CT-DNA (A A ) .  The assay conditions and components are described in “t1ethods~’.
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Figure 4 (A,B).

Inhibition of E. coi l RNA polymerase activity by Antrycide ~ ~~, Bayer

2502 X or Primaqumne ~ ~~ • Experiments were performed using both

heat-denatured CT-DNA [4A] and native CT-DNA [4B] at 9 pg per assay.

Figure 4 (C,D).

Inhibi tion of E. coi l RNA polymerase activity by Berenil o— -o, Ethidium

bromide ~J—O or Isometamidium v—v. 4C, heat-denatured CT-DNA; 40, native

CT-DNA.

Figure 4 (E,F).

Inhibition of E. col i RNA polymerase activity by Propamidine ~

Hydroxystilbamidien ~~~~~~~~~~~~~ or Stil bamidine ~ ~ 4E, heat-denatured CT-DNA;

4F, native CT-DNA. Assay conditions and components were as in Figure 3. The

control assays for these experiments incorporated approximately 200 pmoles

(3300cpm ) 3H-dTMP per 60 mm at 37°.
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Figure 5.

Effect of increasing amounts of enzyme and heat-denatured CT-DNA on drug

inhibi ted E. col i DNA polymerase activity . 0.1 and 0.3 unit of enzyme was

tested in the presence of a constant amount of drug and 22.6 pg DNA/ml (A)

and 90.5 ug DNA/mi (B). Antrycide [~
__.4J 50 pg/mi ; Berenil [o___-o] 100 pg/mi ;

Ethidium [ D—O ) 10 ~g/ml ; and Isometamidium 
[v—v) 25 pg/mi . Controls

[X—X] did not contain drug.

I

U?,

-

.

.i 1
~
0 .  -

0 0 . 3  

• 

0 0.1 0~3

E. cofl DNA POLYM ERASE IUn ItsI A ssa y )

- - -~~~~~~~- 
--



S

Figure 6.

Time dependence of E. coli RNA polymerase activity in the presence of

trypanocida l drugs. The assay conditions were as described in the “Methods”

and contained 9.1 pg CT-DNA and 3 units of enzyme. Drugs were tested in the

fol lowing ainounts~ Berenil [o _oJ 40 jig; Isometamidium [v—_v] 5 jig; Antrycide
[
~----~)] 20 pg and Hydrozystilbamidine [

~
__

~~~) 30 pg. The dashed line (---)

represents the 100% incorporation level at each time point -in the absence of

any drug.
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