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Abstract - Merhylene Blue. Thlonin, Azure A, ~\zure B, and Azure C vere found to htnd ilrollgly to DNl\ 

prohnhly urn interralation. Binding afl ini ly a the result o f  several faaturs ~ ~ ~ l u d i n g n  moment along the loncax~i 

and d ~ p o I ~ . d i p ~ I e  coupling both constrmcd by steric effects 

INTRODUCTION 

I t  haslongbeen known that planar, heterocyclic molecules interact r i th,and pigment nuclae acids. l nh ib i t~on  o f  synthesis and tmnser~ptum o f  OXA' 

preupitating inhibit ion o f  p r o t e n  synthesisZ ,s when basic dyes arc adm~mitered to  biological systems. Among ihp many I m i c  dyi.s. 

Methylone Blue, Thionin, Azure A. Azure B, and Azure C are excellent nuclear aains3.' and have been shown to inh~hct n u e l r u  i11vs10n.b The 

pharmacdo~ca l  propertaes o f  these dyesvery probably result from the blnlllngof the drue to DNA. 

Deorytibonucle~a acid has been implicated as the rn uruorrcrptorforantineoplastic drugs such a8 the anthracycl~noe,~.~ acfinomycin? ~ o r a l y n e , ' ~ ~ ' ~  

andelliptielne,12 antlt~prnosomaldrugssuehrs thephenanthnd~nes,~~ ant~hacterlal drugs such as herbcnne14 and e~h inom)crn , '~  ml anlirnrlrrcal 

druga sue11 as the acridines13 and isoquinolines.16 Thew hetem~y~l lc  m d e c d e i  have heen shown lo b d  to  D N A  urn intercalation where Ute I)Ni\ 

hchr unwmds and the moleeulc mtuates l t r l f  between thc haw aud urn external ~ l a a k m g  where the molecule is hound Lo the surface of 

the hel,r.20.2L 

Since many phenofhiame analoe hind to D N A  ui. inlercalauon.lt is probable chat hkthyIene Blue, Thmnm, h u r e  A, Asure B, and AIUW T. h d  

to D N A  i n  like fashion The partly extended D N A  molecule eontrinlng intercalated moleeule layeadiffem from natlvr D N A  in several properties 

measurable in solution including. (=) The D N A  helix e locally longer and stiffer enhancingitsu~seosity; (I) Tho mieroanrirunment o f  Lho mlrr- 

d a t e d  mo leeu l~  18 changed resulting in  spectral alterations, and (c) Thc average mass per umt length o f  the D N A  moleeulc a decrc=sod reducmg 

its xdimentatmn eoeffic~ent. The present w a r t  investigates the binding of Methylme Blue, Thlomn, Azure A. Azure R, and Azure C lo D N A  u s q  

viscosity measurement, spectrofluorometric htration, ultracentrifugation methods, and MO ealeulationa. 

An increase in  speei6c viscosity and a docrease tn the sedimentatnon coefficient is obrewed when D N A  interacts with t h c r  homologs. Faeh respective 

anereas~ and decrease is generally proportional with the magnlludc o f  each association eonstant. 

Speclroscopw rtudms whth Methylme ~ l u e , ~ ~ . ~ *  Thianin, Azvre B , ~  and Azum AZ6 lndicafe that they l l ind to D N A  w t h  r maximum of 0 2 2  

m o ~ a c u ~ c ~  DNA phosphonls atom. he the expected i f  the mo~ocu~os at .andom, S U ~ J E ~ ~  to tho restnctioll 

that adjacent spaces may no t  be o r ~ u p i e d . ~ ~  Al l  dyes in  this study were found to  bind ta  DNA with a maximum of 0.22 t 0.02 moleeulesper DNA 

phosphorus atom. 

Upon binding wnthDNAalldyes display a hathochromic s h B  o f  2 to  3 nanometers in tho excitation spretraaceompanied by a significant decrca;r in 

fluorcsemee. Both phenomena can be attributed to the ~nteraction o f  the heterocyclic ring system o f  the hound molecule with tho purine and 

pyrimidine bases 06 the U N A . ~ ~  

Affinity o f  the phenothiazine dyes for D N A  appears to involve a comhinat~on of factors. Hiiekel M O  caleulat~ons reveal an apparent correlation 

between the n moments along the long axis o f  the molecules and hindingaffinity. Methylene Blue and Thionin which haye no n moment along the 

long axls show a~milar assoelatlan constants compared to the other homolog even though they are rt opposite ends o f  the methylation apecfrum 

Steric conformation of the molecule may also he a factor involved with binding affinity, Other than Thionin, addi t~on o f  methyl p u p s  to the  

parent ringstrvcture generally decreases bindingaffinity I t  is possible that methylation resttics hindlng 80 that i t  can oecur with the methyldtrd 

amino groups protruding i m m  the helix l imiltng the area that thc molecule can h m contact with the base pairs o f  DNA. However methylrtlon o f  

the ammo groups may only involve stenc-electronic effects. 

Aeorrelat~on between Ouoresence quenehingand the asoc8almn constant foreach dye 15 apparent. The valucs for each molecule satisfy tho following 

ernp~rical equation: K = constant where K is the a i ioc iat~on constant, V is the ratio between the fluorescenee l n t ~ n s i t y  mut ted  

by the hound and the free dye when excitation is produced under the same eondltions o f  wavelength, concentratton, temperrme. and solvent, and 

fho constant is 3.1 X 10'. The quantity V isa  mearure of the aharge mns fe r  interaction. A small V d u e  results from a large transfer i n l -  

cating intmate dipole-dipole coupling between the heterocyclic molecule and the D N A  base p a n .  Affinity far D N A  b y  these hetomcyc:ltc lhgands is 



the rosul, ol ssvoral lactom ,""lUding n murnrrl, al"llg the long axin and dipole-dlpole coupllng botl, constrained by atetie 
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Plot of binding data for Azure C. Cf ts the free dye concentration and r is the ratio of bound dye 
per nudele acid phosphate. 
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Wnle rnone o f  thcsc indlndual procedurpr ~ ~ ~ ~ u s o c a l l y  lmrove~ whether or nut n given moloculc hmds to ONA u m  inten.alil#un. rar l l  

result leads toward iueh a eosclusiot~. 

MrZTF.It1AI.S 

Thmnln, Azure A. h r r e  R, and Amre C m r e  obtained from Eastman Kodd. Co. Methylene Blue wasohtamed from hlCI<. Al l  <lye$ xcri. p ~ ~ n f i c c l  

b y  column chromatography using neutrrl aluminum oxide as the rdiorhcnt and an alcohol-benzene mixtun: as the Calf th)rnw IlSA war 

purrhasrd from Calhiochem and ~ i t l , o u t  further purifiertlon. Prellminav hlnding m d m  conducted using thia ONA with proflav~np or 

e t h d ~ ~ ~ m  bromidc gave result8 similar lo t h ~  ~ i t e r a t u r e . ) ' ~ ~  FLosphon,dINA concentrat~on was delennined spce l rop lau lon~~~ ica l l y  usmg the 

exti!~ction eoef f iemf 6412M-'cm-' a t  260 nm Uncterml phage A DNA was purchased from Miles l rhorator~es and used w t h n u l  f a n l ~ c r  panf8- 

cation. Phosphorus-DNA eoncentration was deternitled usmg the e ~ f i n ~ f i ~ n  c o e f f i c ~ ~ n t  6700  am-' at I 0  nm. 

FISJORESCENCE MEASUKEMENTS 

A Spex Fluorolog was used for measurement o f  e r e i t n t m  spectra. E x c i t a t m  and cmiisiun monochrometes werc positioned for maxhmum atgsd 

correspondlng to the ahsorphon and nuorercence maxima. AI~~UUU 0fo.40 a I no x M dye in 0.1 M ~ ~ i ~ ( u ~ ~ @ ~ d ~ ~ ~ ~ ~ ~ t h ~ ~ ) ~ ~ i ~ ~ -  

methane) and 0.001 M sodium el1lor8de adlusted to 7.5 were added to three separate 2 00  m l  solutions in a standard f luorometr~e c w e t t e  (a) 

m lu tmn 1. Buffer: 0.1 M T m  @H 7.5) and 0.001 Msod,um chlondc: (h) mlutlon 2 TINA: 1.4 X M phosphonlr-IINA. 0 1 M Tns @H i.i), 

and 0.001 M and (c) 3. DNA want, 2 x fir p ~ l o s p h o r u r - ~ ~ ~ .  o I M T ~ S  @H 7 4 ,  alld o 001 M S O ~ I I U ~  CIIIOT,<IP. 

Tltratlons run at room temperature. Speetronuolimetric evalu~t ion o f  thc concentration o f  bound dye moleeulci was calcala ld as d e ~ r n l d  

by I . c P ~ c ~  and ~ a o l e t t i . ~ ~  

I 2  - 5 
Ch = - 

(V - l ) k  

where ch is thc concentration of the bound dye i n  moles per liter. II is the fluoreicence mtennty o f  a given concentration oi l lye in iolutiun on?. Iz 

is ths f luoresenm intenstty o f  a given concentration o f  dye m solution two, k s the number which r=laler I l uo re rnnw intenat) with <lye con. 

centration i n  solution one (1, = kc,), and 1' the rauo of  to II for a even concentcatm o f  dye. Due to the d u n c r i z r t m  o f  the pllrrluthiarine 

homologs at high concentration, the mar imum n value o f  0 22 mol~eules pcr I)NA phosphorvaatom was obtained by ertropoldtios of t l ~ e  ~ r r c r a l  

pomts ohtained a t  l ow dye concentration. 

The equilibrium constank are ~ ~ r n p ~ t ~ d  ming least-qulroi curie fitting o f  the data.32 

ANALYTICAL ULTRACENTRAFUGATION. 

Sed~mentafion coeffimonk were determined by boundvy sednmentstion in  a Beckman m o d d  E rnalylleal ulWacentnfu@ usmg ur optic-, r l  I ?  mm 

charrod-filled Evan type I 1  centerpiece and plain  art. windows w r e  used. The sodmentation solvent consisted of 0.58 m l  o f  1 0 0 0 M  sod~um 

ch~ondennd o . ~ o o M T ~ ~ ~ @ H ~ . ~ ) .  be were 1.00 x 10-'1v. T ~ C  in the arnp~~ was 2 0 ~ 1 .  o f  I 5 x 10-4 ,trrlra~ IINA 

in  0.100 M Tris @H 7.5) Run eondit~ons were 26,000 rpm in an An-D rotor at  20.0' wi th aphotogrsph taken every R msnates. A Schoefd ft lm 

densilometer was usod t o  trace the absorption denaty. Sedimentatm coefficients were determined at 20.0' and are uncorreetd fur vircos~ty, 

buoyancy or D N A  concentration. 

VISCOMETRY. 

V i ~ m i v y  was m~asured Uith an O8twdd ~ i s o m e t e r  a t  25.0'  solution^ wore o f  2 0 ml. dye (1.00 X 10+M)r h u f f ~ r  and 5 11 ml. calf 

thymus DNA (1.43 X l W 4  M),n buffer. The buf fermlut ion was 0.100MTris @H 7.5)and 0.001 Msodium ehlorirle. Denatbcs wrc: d r t r r r n n d  

Sodev flow dl@& densimptpr 2 5 . 6  Specl& umnsxv determmcd asmg Lhe lmffer as the pure mluent. 

MO CALCULATIONS 

Hiickel MO calculations were madeusingaeomputer p m p m  reported in the literahlre 33 
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