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suMmARY

Acridlitme titid! tnil)imenm\-lmetimanme (Iyes sii.e knosvtm to display timeraj)et11 IC immterferetmce in

combinations, but the basis for this inmteraction is mmot ummderstoo(l. \\hemi added to I)NA,
represeist at Ives of ends grout) of dyes, wimich alotme are o� )t ically i tmactive, (liSplaye(l st rommg
signsals as niomsitored by optical rotatory dispersioms. However, isimems trypaflavin aral crystal

violet were botim added to the pol�’nmer, only the sigmmal dlue to boummd trypaflavimi isas ob-

served!. This conmh)etition for time polynmer ssas exploredl on the Omit’ Imammd by alteratiomms itm the

conmcentratioims ammd structsmres of the (lycs, and onm the other by the imst’ of (hfferemmt I)0lYflm(’1�5:
poly-cu-L-gltstaflsic acid, apurimmic acid, anmdl l)olYl3sinme. It isas found that time two anmitmo

groups attacime(1 to positiotms 3 mmd 6 of the acnidinme rimmg greatly inmfluemsced time commspctitiomm.
For examnple, 10-nmmetimylacridimme oranmge (lid not abolish the sigmmal of crystal violet its the

Iresemmce of DNA. The polynmer is-mis mulso itmflucmstial, so that the competition appestred re-
versed oms poly-a-L-giutamic aci(l. Simppiemenmtary data obtaimmed frommm spectroscopv sstm(l

fluorescenmce quemsching are also preseiitetl. rFht�se observationis are ihscusserl mmtcrmmss of the
biological pheimonmenoni of therapeutic i nit erferensce.

I NTR0m)UcTI0N

‘fime acridimme amid triplmenmvlmethamse dlyes
are botim knowmi to binmd to I)NA. If timese
dyes produce their toxic actiomms by timis
mechammisni, timeir combined effects nmight be
expected to reinsforce each other. However,
thmese tsso groups of chemicals show ammtag-
onsistic actions. Thus was denmonmstrated by
Bross-niimsg amid Gulbransen (1), utiiizimsg a

strain of Trypaiwsoin a brucei ishmichm is-as
resistamst to parafuchmsini. In this case infected

mice is-crc cured by trypaflavini alomie, bitt

(lie(l svhetm fed ott l)arafudimsimm J)1115 trypa-

flavirs. ( )timer imsvest igat.ors extenm(le(I t imese

observatiotms to ttoim-parafucimsins-rcsistatit
straimss ill 1110, sttt(l to stu(iies of oxygemi amid!

glucose uptake in lit/i’) (2, 3).
Albert (4) lustsdiscusse(l possible nimolecular

bases for this itsteractiomm, immchndhng conmmimoti
or (lual drtmg receptor systenms, sumd drug-
(h’ing initeractiotis ivhiicii cause a (IeCreasc in

time cotmceiitn’atiotm of the mommonmoiccuiar

forns of time active (Irug. 1mma previous paper,

eV’i(letice 555(5 Presetlte(l for time immteractions of



timese dyes in vitro as detected by physico-

cimemical methods, arid the possibility of

complex formations is-as discussed (5).
Ins the presenmt study the competitive inter-

actions of these groups of dyes with certain

biopolynmers is-crc analyzed by optical spec-
trosco�)y and spectropolarimetry . The latter
method hmas beems shois-n by Strver anmd Blout

(6) arid Yamaoka anmd Resnmik (7) to give a

sensitive measure of (lye biisdimmg to optically
active biopolymers. Neither dye alonme in

solutions (lisl)lays optical activity. Hoss-ever,
ishmenm combimied with time polymers there
appears a marked (legree of optical rotation
about time visible absorptions maximum of the

dyes. Sitice these optical activity changes are
uts(loubtedly related! to time process of time
binidimig of dyes (although time direct and

(luamititative relationmshmip nmay mmot be estab-
lished by optical nmethmods alone and this

paper is riot instended for reportimmg such
results), thmcse studies is-crc unmdertakemi to
help defimse further time possible mcchansisms

of timerapeutic interference. Supplementary
data from absorption spectroscopy amid the
quetsciminsg of fluorescensce are also presented.

mATERIALS AND METHODS

Time dyes amid! polymers used here have
beers previously described (5, 7, 8). 10-

R2NQ’��QNR2

CH3 ci�

TRYPAFLAVIN: RH

10-METHYL ACRIDINE ORANGE:

+
N(CH3)

(CH3) N N(CH3)
2 2

CRYSTAL VIOLET

FnG. 1. Structures of trypaflamnn, 10-methyl-

acridine orange, and crystal violet
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Methylacnidine orange was prepared from
acnidine orange with dimethyl sulfate in boil-
ing toluene (9) . The structures of the dyes

are shois-n in Fig. 1. Apuninic acid was pre-
pared as described by Tamm et al. and by

Petersen amid Burton (10). The phosphate
concentration was determined by the method
of Chen et al. (11). A highly polymenized calf
thmymus DNA preparations was purchased
from Worthington Biochemical Corporation.
Samples of poly-a-L-glutamlc acid (sodium

salt) and poly-L-lysinse (hydrobnomide salt)

svere brought from Pilot Chemicals, Inc.,

Watertown, Mass. The concentration of
DNA is-as determined photometrically with
a molar extinctions coefficient of 6400 at 25�
nm and is thus expressed in terms of phos-

phate residues. Time molar concentrations of

the polypeptides ivere determined by is-eigh-
nig dry samples. The mean residue iveights

is-ere 169 for poly-a-L-glutamic acid and
209.1 for poly-L-lysine.

Time ratio of polymeric site to dye, P/D,

was definmed as the molar concentration of the
ionmizable group of time polymer (phosphates
for DNA and apurinic acid, carboxyls for
poly-a-L-glutamic acid, and amimses for poly-
L-iysinie) relative to time total conscentration

of dye in the solutions. Other details are given
in refercnsce 7.

Optical rotatory dispersions (ORD) and
circular dichroism (CD) is-crc measured at
25 27#{176}with a Cary model 60 spectro-
polarimeter, is-hile a Cary 14 recording spec-

trophotometer is-as utilized for absorption
spectroscopy. Fluorescence spectra, with the
molecule excited at the most efficient is-aye-
length (obtained by studying excitation

R = CH3 spectra, and usually about 460 nm) and

corrected for “inner filter” effects, were ob-

tained at room temperature omi ass Aminco-
Bowman spectrofluorometer, using 1 .00-cm

cuvettes.

Loiv salt concentrations, which favor dye

binding, were used. The details are given
with eacim study. Generally, experiments

is-crc conducted ins acid or neutral solutions, so

that the dyes is’ere in time monocationic form.

Ins all cases the dyes were mixed before addi-

tion of the polymer, so that both dyes is-crc
given aim equal opportummity to “find binding

sites.” Approximately 3� hr elapsed between



600

400

SD

z 200
0

F-

F-
0
ix 0

C-)

F-
ci.-200

ix

-J
ID

-600

-800

400 600

Fio. 2. Optical rotatory dispersion patterns caused by dyes in the presence of calf /hymus I).V.l
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2.21; A, 10.5 j�M trypaflavin, I’/D = 4.76; #{149},10.5 JiM try�)aflaVinm arid 22.6 /4M crystal violet.
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the time of mixing of dyes is-ith polymer and
the measurements. Neither the order of mix-
ing nor time of equilibration seemed critical.
Dyes and mixtures is-crc kept in dim ligimt
except is-hens measurements ss’erc made. Be-

cause of its stromsger ORD signal, crystal
violet rather than parafuchsini was more
often used as time represenstative triphmenmyl-
methane dye.

RESULTS

Competitive binding of trypaflavin and crys-

tat violet for calf thyinus DNA. Ons mix-
ing crystal violet isith native calf thymus
DNA, an ORI) signal is’as observed at 533
nm; it increased with dye comscenstrationms ins

the range of 10-100 �mm, at a DNA to dye

ratio (P/D) betsveeni 20 arid 2. These results
are simown in Figs. 2 amid 3. How-ever, in time
presence of trypaflavinm the signal due to
crystal violet was abolished. In the experi-
merit reprcscnstcd there were in solution 4.5

molecules of crystal violet amid 2.1 molecules

of trypafiavin per 10 phosphate groups at a
DNA phosphate concentrations of 50 �mn. Time

signmal of trypafivimi seenmed only slightly
affected, but mio rotations (line to crystal violet
is-as detectable.

Time miature of this competitions cant be seen
in Fig. 3. Here time molar rotationmt due to
crystal violet alonte at 600 minis is 1)lotted

against the crystal violet concenstrations.
\Vitim additions of a constant anmmoumit of trypa-
flavimm there ssas a nmarkcd sul)l)rcssion of time
signsal of crystal violet, far beyomid that ex-

pected frommm a 1: 1 competitions for bimidimmg

sites. With 2 crystal violet nmmoiecules for

cver�- trvpaflavins ins solutions there was 90 %

suppressiomi, arid at a 1: 1 ratio there ivas
nearly cotmmplcte abolition of the 0111) signal.

Time blockade was not lifted event whmeni there

is-crc 5 crystal violet nmolecules for every

trvpaflavins nmolecule. Since optimal (lye

bitsdimmg occurred at P/D values bctsveems 3

anmd 5 (7) amid ins Fig. 2 both dyes togethmer

broimgimt time ratio only up to 1:4, it was

Time definit ions of time nmmolar rot mstionm of time dye

in the presenmce of time polynier is given immreferemmee
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FIG. 3. U/ed of trypaflavin on OJID signal of crystal violet ((‘fl a.s a function of (lye concentration in

i/ic presence of calf thymu.c D.V1

[1)NAJ, 50 �tin; NaClJ, 0.4 mimi; p11 6.55. No buffer was presemit. S (a), rio trvpaflavini; A (h), 10.5

j.tM trypaflavinm.
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Fna. 4. (‘ircular (lid/troism studies of lrypaflaein (7’!?) and (‘rystal violet (CV) in the presence of calf

thyiiius D.V.1

[1)NAJ, 61.4 j�im; [NmtCIj, 0.4 nmlM; 1)11 6.55. No buffer was presemit. #{149},28.7 j�if trypmiflavimi, P/D 2.14;

0, 16.1 �mm crystal violet. P/I) = 3.81; A, 28.7 �sn try�)aflmtvimi amid 16.1 Mm (rystmil violet.

I I I I

possible thmat sill time as-ailable sites is-crc

occupied. However, ins time experinmemit miFig.

3 amid ins othmer studies thmat follow, ins which

tisere is-crc many sites still available, trypa-

fiavimi made these sites inmaccessible to crystal

violet in some matitser.

Circular dlichmroismlm studies also shmow-ed the
same pisensonmemson. Figures 4 amid 5 sum-
mmirize similar conmpetitive stundlieS ins whmicim

circular dicimroisnm was used to nmsonitor time
crystal violet inmteraction ivitis 1)NA. Crystal
violet corscenmtrations of 4-16.1 �mi showed

bindinmg (P/D between 15.4 amid 3.81), and

agaimi equal conscetitrations of trypaflavimi

nmarkedly repressed time crystal violet signal.

There was little reciprocal effect of time crys-

tal violet on the trvpaflavin signal.
Time Spectral (lata reveal a complicated



was observed for both dyes ins a three-com-

pomment system: apurimmic acid, trypaflavimm,

and crystal violet.
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FIG. 5. Effect of trypaflavin on circular dichroisnn

amplitude of crystal violet in the presence of calf

thyinus DVA

The amplitude is the difference ins the readings

of ellipticity at 630 and 520 nmnm. [1)NA], 61.4 MM;

[NaCIl, 0.4 mM; pII 6.55. No buffer was present.

0 (a), mso trypaflavin; � (b), 14.4 MM trypaflavin;
A (c) 28.7 MM trypaflavin.
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pattern of cimansges (Fig. 6). At loss ratios of

trypafiavin to crystal violet there was a
small drop ins intensity (compare curves a

and d in Fig. 6A) , which was indicative of the
occurrence of competitive binding to DNA
between these tss-o dyes, but as the concen-
trationi of trypaflavin is-as increased the
curve approacised that of crystal violet in

solution (Fig. 6C). Time shoulder at 550 rim
reappeared first, while the maximum at 590
rim appeared last.

Effect of alteration of chemical structure of

dye on competition. When the free amino
groups of trypafiavin were converted to time
dimethyl-substituted form, lO-methylacri-

dine orange (chemical structure No. 2) , the
Cottons effect ms-as still mansifest. Both crystal
violet and lO-methylacridine orange at cqui-

molar concemitrations displayed their respec-
tive ORD signals in the three-componsenit

system (Fig. 7). However, the signal of crys-
tal violet ms-as somewhat decreased. Para-

fuchsimi, as isell, gave an ORD signal in the
presence of lO-methylacridine orange.

Effects of other biopolyrners. Other bio-

polymers were utilized in competition studies

to determine whether the structure of the
polymer also influenced the nature of the
competitors. DNA ms-as converted to apurimsic
acid. This polymer is essentially a denatured,
single-stranded DNA free of purinc bases

(9). In this case (Fig. 8) the Cotton effect

425 475 525 575 625
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FnG. 6. Effect of trypafiavin on absorption spectra

of crystal violet in the presence of calf thymus D.V1

A. Absorptions spectra of crystal violet at van-

oils levels of trvpaflavini conscenmtratiomi . [Cryst mu

violet], 8.1 4\n; [NaCll, 0.4 mM; [l)NAJ, 61.4 MM

(except forspectnunme). 0 (a), l4.4�ii trypaflavinm;

a (b), 28.7 Mmm; L� (c) 43.1 MM; #{149}(d), ho tryptu-

flavin; 0 (c) aqueous crystal violet in the :ui)semice

of 1)NA and trypaflavins.

B. Absorptiomm spectra of tr’S’l)aflntvini mit various

levels of crystal violet comicemitratiomi. [Trypa-

flavimmi, 28.7 viI; [NaCl], 0.4 niM; [1)NAJ, 61.4 MM

(except for A). #{149},8.1 �M crystal violet; �. 16.1

MM; 0, tio crystal violet; A, aqueous trypatlavinm

in the absenmce of 1)NA amsd crystal violet.

C. Influemmce of trvpaflavins commcemut rat iomm on tue

intenmsity of time absorptioms mmmntxinmsumis of crystal

violet (cv) at 590 mmm. [Crystal violet], 8.1 MM;

[DNAI, 61.4 viI; ]NaC1], 0.4 nun. Note that the
curve approaches the value of aqueous crystal

violet as a linsit.



06

a

400 500 600

WAVELENGTH, NANOMETERS

>-
F-

U)

z-

Z�

0-

U)’.

0
0

654

w
-I-
C-

00

>w
a:0-

�L,J

ow

C:,

0

GREENBLA11� ET AL.

08

I I I I I I I I I I

440 460 480 500 520 540 560 580 600 620 640 660 680

WAVELENGTH, NANOMETERS

Fn�. 7. Optical rotatory dispersion� measurements of crystal violet and JO-inethylacridine orange in the

presence of calf thymus D.V.1, showing role of (lye strw-ture and competitive binding

[DNA], 90.7 MM; ]NaClJ, 0.8 mit; 1)11 6.5. No buffer was present. A (a), 22.6 MM crystal violet; 0 (b),

22.6 Mmt lO-nuethylacnidimme orange; #{149}(c), hotis crystal violet ammd lO-metimylacnidimme orange at the sanme

commcemit n-at iomis.
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I-mCI. S. Optical rotator!, (lispcrsion curves of

apCiriniC’ adi(l in. the presence of dyes

[/�pCnn’immi� 8(i(I], 0.5 numm inn all s:umnples. ‘hue solu-
tionis were bumffered at p11 8.0 itt 0.005 mm sodiunmu

Plsosl)lmate i)uf’fer. #{149},3:3.6 MM crystal violet, P/I) =

14.9; 0, (;1.6 MM try�)stflavimi. P/D = 8.12; A,

(‘ryst �d violet aml(1 t ry�ntflavimi it t he sanise commcerm-

mat O)tuiI.

Of special inmtcrcst is-as a mm’sarked quenicim-
iisg of time fluorcsccnice of trypaflavims ishems

conmmbimied ivitim crystal violet imm time presemice

of apimritsic aCi(l. (Crystal violet itself is nsonm-

fluorescenst.) ins Fig. 9 it cans be seen that
quencimimmg by crystal violet alone or by

apurimsic acid alomse is considerable (curve a

compared w-itim curves b arid c), but this is
further emsisansced by presence of both sub-
stances (curve il) . We have discussed else-

ms-here (5) time niature of time quenching in the

absence of polynmers. Figure 10 illustrates the
less dramatic spectral alterations that oc-
curred islmen crystal violet amid trypaflavin
were both boumsd to apuriniic acid. There is-as
a nmarked imypochromicity in both cases, and

440 460 480 500 520 540 560 580 600
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FIG. 9. Fluorescence spectra of trypafiavin in the

presen(e and absence of apurini(’ acid and crystal

violet

L� (a), 30.8 MM Irypaflavini ommlv; S (b), 30.8 Mit

t rypaflavimm 550(1 16.8 Mit crvst mil violet ; 0 (c)

30.8 Mit tryl)aflavimi amid 0.5 nuM al)tnnini(- acid,

solutiomm buffered as mm Fig. 8; 0 (d), 3O.8MM trypa-

flavimm, 16.8 MM (‘rystal violet, itmul 0.5 mit apuninic

acid, solutiomi buffered as itt Fig. 8. The cxcii ation

wavelemmgtlm was 460 mmnm.
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Fro. 10. Absorption of dyes in the presence and absence of apurinic acid, .shawing effect of binding on
spectra

[Apurinic acidi, 0.5 mM; lNaCll, 1 mmmii; pIT 8.1. a. �, 30.8 MM trypaflavin onmly; 0, 30.8 �iit nrypaflmuvin

and apurinsic acid. b. #{149},16.8 �M crystal violet only; 0, 16.8 �iit crystal violet nund apmmnimnic ntci(1. c.

0-0, 61.6 jiM trypaflavin, 16.8 MM crystal violet, and apuninic acid; - - -, sinmmple sunsnmation of open

circles in parts a and h. d. Ahsorptioni of crystal violet (CV) at 590 nm mutime presence of muptmninmic muci(l,

showing the effect of various concentratiomms of trypaflavins (TR).
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changes svere observed in the positiomis of time
absorption maxima. The crystal violet maxi-
mum and satellite simoulder developed a bi-

modal appearance. Ins Fig. lOc it cans be
seers timat shigimt chanmges did occur from time
expected simple summations ins time three-
componscnt system, but these is’ere miot
prominent witimin time conscenitrations raisge of
this study. Figure lOd emphasizes the failure
of trypaflavin to influence time absorptionm
intensity of crystal violet at 590 mmm.

Poly-a-L-glutamic acid, with ionsizntble car-

boxyl side chain groups, has a random coil
conformation in neutral or alkaline solution
but exists as an a-helix at pH 5 or lois-er.
With this molecule competitions betweems
crystal violet arid trypaflavin ss�as greatly
reduced, and showed a reverse trend (Fig.

11). Whereas only 0.5 molar equivalent of
trypaflavin was sufficiemit to reduce the

signal of the crystal violet-DNA system by

90 %, 4.5 eq of trypaflavin were msecessary to
reduce the signal of crystal violet-poly-a-L-

glutamic acid by only 50 %. Conversely,
crystal violet suppressed time sigmial of trypa-
flavins greatly when poly-a-L-giutamic acid

was preserst, just as trypaflavits did for crys-
tal violet in time presensce of I)NA.

Tise spectroscopic data regardimmg time ins-
teraction of poly-a-L-glutammmic acid ansd time
dyes revealed certainm qinatmtitative timid quali-
tative differemsces. The spectrunm of try-

paflavins boummd to j)oly-a-L-glutanmic acid!
appeared to resemble time hypocimronmicity ob-
served witim i)NA, but time spectrum of crys-

tal violet is-as quite (hfferenmt (Fig. 12). The
peak at 590 rim essemitially disappeared, arid
the former simoulder at 550 tim became time
dominmanst peak. A ness’ nmaxinmum, mmot pre-
viously seen, appeared at 505 nmm. Studies
mmii! be published later conmcernmimig timese spec-

tral cimaniges, but at the presemit time they are
best explained by formations of a crystal

violet aggregate, is-hmicis takes place omi time
polymer chains at conscenstrations loiver thmans
that of time aqueous solutions. Time fluores-
cence of trypaflavini was emihsanced by tise
presensce of the polymer (Fig. 13). Hoss-ever,

in the presensce of crystal violet and time

polymer there is’a.s quensching.
As one might expect, poly-L-lysine, a posi-

tively charged polymer, gave no ORD signmal
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FiG, 11 . Optical rotator!, (lisper.sion niea.sure,nents of crystal violet an(l trypaflavin in the presence of

,5.9 pull J)Ol!/-a-L-glutamic (lci(l, pH 6.4, showing effect of competitive binding

.,%,_. 0, 8.4 Mit crystal violet omilv; #{149},38.0 Mit trypaflavimu Cimily; Lii, 8.4 Mm cr�-stal violet amm(1 15.4 Mi!

t rvl)afl Cvi mu.

B. 0, 8.4 Mit (-rystal violet cuulv; #{149},38.() Mit tr\-l)aflmuvimm ommly; �, 8.4 Mi! crystal violet amid 38.0 Mi!

trypaficuvi mm.

(�. 0 , 8.4 Mm (r\iIttul violet ommly; #{149},77.0 Mi! trypafimuvims only; 1, 8.4 MM crystal violet ans(l 77.0 Mit

t rypaflavin.

I ). 1ffect of t rvpaflavimm (Til) omu time Cot t omu effect of crystal viC)let . [Cryst al violet] , 8.4 MM. 0 , ob-
serve(1 rot at iomi at 575 minim nisi mmumsoi)serve(1 rotationu :mt 530 mmnn; #{149},ohserve(l r Cl :ttiC)nm at 500 tmm.

ivitis eitimer dye sinmgly or ims combimsation

lits(lei’ t hme present exj)erimmmenital Comidlit iOt5S.

I)ISCUSSION

Time data presented here stress how
mumarked time influemices of dye amid polymeric

structure are on time conipetitive binsdinsg of

two �F0D�)S of dyes. Tlmese effects may not be
sects clearly, if at all, ishmeni studies are domse

ivitim one dye ahonme. I”or exanmple, L#{246}ber(12)
imas foummd timat 10-nwtisylacridimme oranige has

a 5-fold higiser bimsditmg comsstammt isitis 1)NA

titans (l( ies trypafiavi is at concemstrations imear

those used ins this study. However, 10-
met hylacridine oransge fails to simow strong

conmmpet.ition for bimsdinmg sites wimenm usedl to-

getimer ivith crystal violet. It is possible to
suggest a basis for timis distinction ivimems omse
conisiders Imow 1 0-nmmetimylacridimie orange

differs from trypafinivims: time reactive free
anmimso groups are no lommger available, amid time
bulk amid cross-sectiommai projectioni of 10-

metimylacridimse orammge is greater. It imas, in

fact, been suggested (12) tisat acridine

orammge is extermmally boummd ivhile profiavin is

intercalated ims time DNA imelix. Whetimer time
free anmimio groups of proflavims assist in immter-
calatiomm by some emsergetic mechanism, as
suggested by Gilbert and Claverie (13), or
whetimer the proflavin reaction is due only to

time remmmoval of time steric hindrance of time
four additiommal methyl groimps is difficult to
say.

If bulk or cross-sectiommal projection are
important, there must be a variation

in time availability of dye-binding sites. As
Vanmaoka arid Resmmik (7) imave pointed out,

bimsdimmg does mmot hmave to be random. For aim

explamsatiomi of our results, binding may isot
onsly be nomsransdommm but nmay involve selec-
tive availability of sites. Trypaflavins, for

exanmple, imas otily to bind a few- of time avail-
able sites to make time rest immaccessible to
crystal violet, since ins time absenmce of trvpa-
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Fia. 13. Fluorescence spectra of trypaflavin and crystal violet in the presence and absence of poly-a-L-

glulamic acid at an excitation wavelength of 460 nut

0 (a), 30.7 MM trypaflavin, 5.9 nmin poly-a-L-glCnt annie acid, no crystal violet I)resemit; A� (6), 30.7 Mi!

trypaflavini, mseither crystal violet nsor poly-a-L-glutamic acid l)reSenit; #{149},(c) 30.7 MM trypnuflmuvinm,

16.8 MM crystal violet, mmo poly-a-i-glutanmic acid PreSenst; 0 (d), 30.7 MM trVJ)aflnuvimm, 16.8 Mi! (‘rystal

violet, amid 5.9 rn� poly-a-L-glutanmic acid.

flavin crystal violet cani bind DNA at P/i)

values loss’er than the ratio of trvpaflavimm

required for blockade.
Presumably, steric effects of time 1)NA

imehix is-ould be imivolved iii time commcealmenst
of sites. This is made clear by time studies of
apurimsic acid and poly-a-L-glutamic acid.

Here tue “opening” of time mmmolecimlar cots-
formation of apurinic acidi reduces time

aggressive conmpetitionm of trypaflavimm sects
is’ith native DNA. With poiy-a-L-glutaflmic
acid, there is evens a reversal of time effect.

Here it nmav be that, withm accessibility en-

aired, strommg ionic ammd hmydrogen bommds cams
be formed bet.weems crystal violet ammd time
biopolynmer. Time sum of timese bonsds numay be

greater isitim crystal violet, msith its greater
cross-sectiomsal �)rojectioIs, timamm is-ith trypa-
flavims (2.5 X 102 A2 commmpared to 2.0 X 102

�2) Ots time opens coil of apuritmic acid it is also

possible to see insteractions betw-eerm trvpa-
flavins amidi crystal violet in a somewimat
clearer fashmioti timami previously observed ins
aqueous systenms (5). Time mmmutual competi-
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tion its alterimsg ORD sigmial and fluorescence
quenschsing may be takems as evidence for such

ineraction.

In our attempts to finsd models in vitro for
chemotimerapeutic insterferemices, admittedly

is-c cams at presemmt only speculate on thme
identity of the biopolymers iimvolved. How--
ever, ive can conclude from time evidermce

presented here with four kiisds of polymers

thmat no binding occurs ivithm poly-L-lysine,

and no interference irs bimmdinsg of the dyes
ivitis apuriiiic acid, but conmsiderable inter-

feremice takes place is-ithm mmative DNA amid

is’ith poly-a-L-glutamic acid. With a plausi-

ble assumption that time loss of optical ac-

tivity is associated witim time release of dye
from the polymer surface, native DNA,
having ionizable pimosphate groups as is-eli as

bases, binds to trypaflavins preferentially,
ishsereas poly-a-L-glutamic acid, Imavimsg only

carboxvhic groups as probable binsdinmg sites,

binmds to crystal violet ins just time reverse

manner. If chmemotlmerapeutic interference

should occur by simple exclusions of trypa-

flavin by crystal violet, poly-cn-L-glutamic
acid is a possible candidate amid carboxyls are
the site of time action. If time interference is
caused by some interactions betiveems boumid
trypaflavins arid unbound crystal violet,

DNA is a possible model polymer for time

situatiors in vivo.

Reference to the biological system, isimich

first stimulated this study, also indicates the

profound influence of time nature of the
polymer. In hemoflagellates, where timerapcu-

tic insterference is manifest, tlmere are two
prominent DNA sites, time nucleus and the
kinetoplast. The latter, aim organelle involved
in mitochondrial replication, constitutes a
relatively large mass of extranuclear DNA. A
characteristic pattern of acridimse actioii at

low concerstrations on the hemoflagellates is

kinetoplast loss without cell death. Tubbs
et al. (14) investigated the relationsisip be-
tim-ecu the base content of DNA and the

binding of acridines. They conicluded that an
AT: AT site (a pair) would have a relatively

stronger affinity for acridinses timan a GC : GC
site or a mixed locus (imoms-ever, grossly, and
at higher dye to DNA ratios, time percentage

of GC in a DNA molecule determines the
amount of acridine bound). Noting this

study, Guttmaus and Eisenman (15) pointed
out that a correlation exists betiveen the AT
content of the kinetoplast and its percentage

loss in various strains of crithidia (forms re-
lated to the pathogenic hemoflagehlates).

F�immally, it should be isoted that ORD and

CD methods are greatly superior to conven-
tional absorption spectroscopy for studies of

imsteractiors between therapeutically potent

but optically inactive dyes amid optically

active biopolymers, as is clearly demons-
strated in the presemst work.
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