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L) Exper.imenta'L techniques:
I

.tl.bsorption: T~ absorption spectra wer-e measured on a Cary! 14
\ I

Spectrophotometer. Careful corrections for base line devf.atLons wer-e

car-r-Led out. The compLexes 1;lere prepared directly in the 1 C:11 pa.th Length

quar-t z cell by addition of rm.crovoluncs of a concentrated. polyr.'ler

solution to the dye solution and ma:~:·.etic stirring. Measur'e;;;(:::nt::: 0"

ccncentrat.ed solutions of the pure d~lC were possible by r-educ.irrj t.he

pat:: lec;J;th I'lith quartz blocks of Imo','I:"1 thickness. A check on t he

relative thtckness is provided by l'i"i:c',lSurements on ccmpcurds obeying

been calculat.ed and are generally nc;.)..ii~ible. 'Turbidity ef'f'ec t a ar-e ,

in any C2.:(::; ccmpensat.ed by the use Cof a l~,olY{:ler' solution in the

refer-211.ce cell.

ti;:; ::··:-:..rlze o:~ uaef'uL concentrations :~~; ll:nit.E:d to values ot t~;e op'cic:al

1-; 2//~. Po correction for absorption \)f the incident beam bef'or-e re::~c::::'n:,;

the s:;£11 observed volume in the micLll,; of tbe square 1 ern cell :nust

be c2Y'ried. out , and can be very impoct:m'c v.hen the pc.lymer- itself 20SC2::JS.

moncchr-onat.or-s ~l '( r',r
~ ..... \.~ .. the c~oice ~f the cxcit~tio~

~luorescence v~ve length. A

.~ r,
-"-..

.'- k~ ,~~.
v ... }....... :~o to 100 .,V
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theemrner-atIon of
I
I

In2thcd

the form Of'\a matrix which is used for direct

of fluoresceht species in solution, according to the

set in

I
The construction of the true actLon and fluex'cscence spectz-a require

~ series of corrections ~~ch r4ve be8~ carefully studied by Pax'ker for
...,

t:'1e case of unpo'lar-Lzed f'Iuor-escence ", As '..Ie were prir;arily in-'ccres·c.:::d

in th~ relative values for the free ~':-;,:l bound dye, there :\2..~~ ~~() ~~:22::l for

2. cJ.libration of the ','lave length dependence of the number ot Cl,U2,ta

re2.cr~Y'l: the cell. An apprccdmate cur-ve can be obtained by r::atcllir.;

action spectrum with th~ aDsorption spectrwn a eye:

kncr::n for tr~e constancy of it;s quantu;,;", jj,elcl as a funct.Lon 0::
?

f"~~i"J.ue Y1--y..)-_ .... "1 _ .....v •

of the quanta ;.:~ emitted at a f'r-equency v 'ili.th a band i:Iidth Bv, It is

d0Jdv = Av(BvLv?v;

deduced

of fluorescent light,

ilY.licate the polarization of .'.. '- ,"

~.;. ~':.:..'

.-~ ..~ -
..:.:... ...........

~n8 pol:~~ization of fluorescence ., ':-.
.Lu
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Vv + Bv

Tne observation of dilutesolutioDS of free dye ~1 a Den visco~s

solvent reveal a large deperdence of the tranS::1ittivity of the gratings

according to the polarization of t~,8 li[;ht. lIne ratio of tl:f2se tra.:-::snittiviti(;s

actual values l1.lth the theoretical equality In tr.8

:;:~ollo:·dJ.ls tl vlillmean the value of.' t for the rr:cnoc[;.ro~:13.tor selecti:"€

the excitation wave Length, t2 the; value for tl:e moncchr-omator...

selectins the eTission wave lenctn. t 1 aLa t2 are sli~~tly depe~dent on
.

tl18 wave length, so that the ass~-i1;Y;;ion that Lv is a constant does not

1.
~'}old aDj! mor-e, I\I()re comp'lacatcd c,~r·_2e~t~:;"o:1 f02:"':nulas 2~e neecco

Tne .......-;.,-~..'~': ,....
..;......... v~'-'

". -. -:-:.'/'",,, 'J "'~' -;._
'- .... '-_.:._--'--

,-..--.7 \ r ,"., :.:
. ~ ~. '-·· .... ;l
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(eouatIon 1). Fo::.."" one excataticn
I

I
to o:;t2.in thG Cyrrected intensity r

!
,':2.Vf; length the 'multiplication of I by Pv leads to the. tz-ue

fluorescence spectrum. If two sp~8ies are present this spectr~~ will

copend on the excitation frequency. Spectra at P:D = 0 and P:D ~ ~

not dC)8nd on the excitation ........ '";
l..~! ';'..1 repr'esel'1t

bound GJ,~ ..

If 2. fraction q of free'dye: :C.: ,:'.5.11':3 ~i.;:. sclutio["~ the inter1si.ties

-., ......

I~ (varue octatned far the free cl:,'" f'or- the 53':::1e coupf,e 'c:t wave

~01atio~: I~ - I'

is

o h
........ -0.. ,;, ... le:::.;t.h ~J2.ir:

T~.....
.,.. ..La q

r..,
.. -

1~ 3
th;; r:l;~"" 8.osorbc.::-;·· r \ !

'./J.
·'-l-_':"\.
v ...... \,;

~ ;:" -
"'- ~-"_.v

2.:~.;. ..

i~ccura.cic:s intrc~' vI >'-::'l1i-':
<.J ........~ .;._

... ..::cr.:.j"~ion arxi fluorescence meac
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Study cf' ti.e Free Dyes
I

?Ul"ific(').tj,.on: From a solut~i..CJ;; of pro:fJ2.vi;~l2 r-,ydrc';;'l:J..o~iC.E:

(X and K laboratories) in a 1: 1 'i3.'ce:--·c,tl::':J..."lol ni:ctur'e;, t':1e! free

case '11as reprecipitated \'Jith 0.1 __ oj pl""accipitate

0.02 ?'J SCI and agr-ees with

quanti.ty of Eel to a &lven weig:lt of pr-oflavine ar-d ac.ditio;1

of~ rx.:'l~fe:'" to a 1(l10~TJ. voume ..

baze.

passed of.'

r-'; ~-}...... ... .....-.. chlo:.~ofoY~ "

r ·.-.."r~;
~. .:. ..... ::'n solution in the mono; _-,;::'on:~c

Deviat; .... :0

cxt0~sively studied in

D.,V.

-- ~
'~~t_~l~ ;"",;..:.:':":

u;:....,,;: ..........

,.... ..~ .:: .'- "
v.:... ...... v...:..

. . .
::~J0G:~)-::_C~~1

r:r;: .....
_.:..;.--'-' ........





ooservations can be of interest foY' the theory of absorption indirr~r

!

molecules if the ciifferent e.Iectr-orii,c tr2.nsitions are \'1211 iddrltifiecL
;

?ol3.l"ization of f'Iucr-escence ; Th'':: Haw:; length dependence of p as

a func t Lon of '.i::'~'le length in c.. very Vj_3COUS solvent a.l.Lovs the recognition

of dif':rer.;:nt electro:-J.c transitions. In tl;2 absence of rotational

d~poles through:

p =
')3 co:» c - 1.

--_..•--;:;---_.-
CJS~ u. 'y. ~

-:
,:J_:::~ ~....:..:::.-

t:r2.n

'"-0
10

0 ' > "1
J~ coneiti. ".. CC::'·l·(:ctio~-~
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P.coflavi~-:2
I

Solution uS a Function of
!

CO:1centl'"'ation. 4400 ?. ... , Q
:'~:;:L::sio;1 5100 .::..•

106 molar conc. Intensity o~)t .:.. c:.::~1
at: ~',: .: '~:,.J

~(~'~·i..si ::~r

...~...

Cor-r-ec"t.:iO:1
,..

10-0 llc

~ ')-' r- ~

L 04 ?l ').l. .:...l. • J v: " C~~,j --tit.;

2 40 ., ","; 2 1.08 21.2I- .' '-";"

5 0" c ..., w; ?') 22.4..I.J.. .-.....) -"'-..J

10 140 r-
'0' :J 1 ~') 21.~\.-'

~
_. .,)':"

~
..',--------
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Absorotion SDectra: Tne re3ult~ given in Fig.
, -';;"";'~~

4 ,':ere obtaiIled on
'I

very dilute f,o~ution:J (2 10-,6 i·l) of' dye in 10-3 :'1 acetate buffers p:-r 5.5.
I

Uodcr- these conO,itions the ratio of phospcate ~o~p:::, to bcurd dye

spectr~ oot~ined

''::;0 iiltercalation mode), has been proposed; 'I'';,'3 spectra present a. ':i;.:;ll-

d~fined isobestic point. For values of P:D r~&~er tha~ 20 no ~ore

change o:~ absorption occurs and "C:12 quasi totality of the dye is bcund ,

o
'J::le ll.;·:litirlC spectrum "vrl th a r-ed s:-ift of' 100 to 150 A in the' visible

similar to those alre:c,::y ,:)ublisilec.~ -r~;~~ U.V.
.J,. .... '::

:.:.3 difi'crence spectra v..'ith D:-IA so Iutions of equal concent.r'at.Lcn

j~~~ypocl1rC(ilicity of the

2:..S; dif'ticult to evaluate pr-ec i.cc.t.y ,

concr-Lbut.Lon of at least ')
~:.--, 3 0:' pyriJ':idines.

2Ct;~;J3..Y·isc;1

,/ .:~~:;~1 trle s)c~tra obtatn..ed in t~~c

of

. ..
2..:):.:o-:.~r·~:~-()~-:.

. ..
:;~~"c..C:"C~~:·l ~)~~c

cue to coupl Lr r-n-.
J... .... _.

.... -_ ..~ .-\'
..)..-... .. _' ..... _.

~.~ -- '--.-
.-'-''';'' :.:'-::;'~_0':'1;.
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~luor2scence SDectra: The fluorescence spectra reveal,
I

mar-ked Iy in trie case of proflavine (I'iS. 5) ~a shift of the' max.imum
I,

of the :rluorescence band of the bound dye t.owar-ds shor-t er- ','.'ave

ler;[:;th" ani a narr-owtng of the band. Tnis blue shift must be related

to the red shift observed in the absorption spectr..u..'11, v:hic:l sho.es a

SiIii.ilar r.arrovrins. If the latter ';:3,.S to be explained by an

envfr-ormenta.L effect per-turbfng the gap between the grou",::l a'ld the

first excited state, the fon~er should be in the same direction~ l.e.

to~~~ds red. Sr~fts of opposite direction in absorption an~ flu~escence

spectr-a, Hhich bring the maxirna cLoaer , stro:161y s:.:z.sest an

population of the Low vibratio;;:::.2- levels~

, ,
~JlOj_cc;u.J..e: So

~C~l.e properties of t.he free dye ~C() the: pr-oper-tLes of t ne dye b02-::i to

ratio in cOF.plex. pres8nt

~)T~e r2l~tive qu~~tu~ yield ?:~ ratio is dii".f"e~er;.t

cne ; b) trl8 relative quantum yield CJ..t Iv".r ?:D r2:C.l.O is zer-o; c) ~>"2

-, ".;
...L.....

of the

lir:litir~, ,-.-,-,.... - ............

.J''';
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as evidence for energy transfer both fro:n dye to dye a;il i'rqn the
I

purines and pyrvDidines to the dye.
I

E::zcitation ~ the visible ~ion 2-.:d dye to dye': trD.ils.fer: T:'1e shape

of the variation of the relative quantum yield as a funct Lon of log P:D

(the actual ratio 1..'1 the complex) to

concentration quench.ing in so Iut.Lons of free dyes. The va lue of P:D

correzponding to naIf quenching in the compl.ex is for both dyes

approxirrat.ely 20, Hhich corresponds to an average separation of 34 ~.

between the two bin::ling sites alo::g the DN../;. structure. TrQs value is

very si.:i:ilar to the half quench.lr.o; values obt.a lned ror... concentz-at.Ion

Quenchin~19. It is not possible to rela~e tr~s value to the distance

t:jurJpS11 ,;I~ of the excitation ener'.::v in order to reduce to h2.1f

trie pro:x:;.bility of radiative tran;:;j.tiGn~ a gaussian distributio:'1 of

:-r::>:::--~2niS!7l of ener-gy transfer with

the c;,yTir,:':::;ital results. Sin.ce it





anj.Le between transition moments lylr.::; at a distance n til11es

to 3J.~e reZUlarre12tion in orientation

, calatedaccording ito the Lerman mcdc.i,

bet~een dye molecules

It :nust be re;:-.emberecl

:iJnter-
1

I
that the

I
i

3v4 ~

.'lQuld be2nn/10 in this mcdef, so th2.t the average factor cos2 2r.n!lO:

(3.4.n)6 ,{hieh soverns the probability of transfe~ in Fo:ster

j!J1 explanation alterr.a.tive to en2r&J transfer might be f'ourd in

a redistribution of the dye molecule~ alon3 the pol~ncr between sites

" -necu.rcs of the measurements of the polariz3.tion of fluorescence
':-:i
T"·'

9r~illde a satisfactory pr-oof' of th:' pz-cposed cnerf:Y t ransf'ez- mscharu.sn,

3'ig_ 8 and 'Iao Ie 2 give the rc~~ults ()~~ measur-ements OI--- po'Iar-Lzat.Lon

~Q"{' ,:;.:cit2.tion of the ccmp.Lex in tL::: vi3101e rc,;ion. The po lar-Lzat.Lon,

bein2; ::-'elatcd to the angIe between ::::It: absorption ard eml.ss.ion transition

rr:CE,er,t> decreases uith transfer of e::cIYJ i'ro:n one molecule to the other

so that a parallel crXL~e in polarization arc quantum yield provides

'l'ABLE 2

Polar'izaticn of Fluorescence

) ..c~('lc.li-:.e ?:D " 10 ./ .." 60 1000 '--.-J

.,.......~.\ T -: p .U5 .180 '") ') .275 .35;....;.; "6-. </,ILt:...

?:·c,Jt12vi~-..e ?:D 20 40 30

::X,.:_ ) .24 .30 • -)j

stron;:;





P:"D ratio, energy is indeed lil(ely to be transrerr-ed through

several dye molec~les so that the angle between absorption and
<
\.

ernission tra.nsitio~ dipoles will be 211lVIO with an equal

probability of energy tr~~sfer for each value of n. The calculation

of the average square cosine gives

1
cos2 a :;; Io

10
~ cos2 2nn/10 = 0.49
n = 1

Lead.Ing to p = .135 which can be compared 'tIith the experimental

value .175. Intrcduction of a variable probability of energy transfer

as a function of n would increase the calculated polarization.

A last exper-Iment was performed to confirm directly the

possibility of energ:i transfer frO::i dye to dye. Taking advantage

of the relative positions of the ab3c~ption and fluorescence bands

of bourn p~oflavine and acridine o~ar~e an experiment of sensitized

fluorescence has been realized wi~h a complex of Dli~ and proflavine

(P:D = 20) to ~~ch a s~ll proportion of acridine orange has been

added (?:D ~ 100). By variation of the excitation wave ler€th fro.~

o
4000 A, where the absorption of acridine orange is snBll in

ccnoar-Lscn to proflavine absorpt.Lon, to 4900 Po, "There the situation

is reversed" arrl by cQ8parison of th2 intensities of fluorescence

of this rmxed ccmpLex wi.t.h that of a pure proflavine conp'Iex, the

phencmenon of sens.LtLzcd r'Iuor-escence is clearly demonstr-at.ed ,

TI1C difference specty~~ (column 3) n~s its ITaxil~~ near 5400 A
~'!hich cor-r-esponds to the emission rm..xirnrn of acridine orange , In

the absence of the sensitized fluo~e3cence of acridine orar~e one

:l'.isnt expect the excess enission of t:J.c mixed complex, excited at

different wave length; to vary as thr: absorption of the acridine

orange, 1.12. t!:1eexc8ss G:D.s:;;ion (co lunn 3) at 4000 ~ should be,
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Sensitized Flu9rescence
'!

the Proflavine-Acridine Orange-DNA Complex.

Have length Wave length of emission*
of excitation

5200 A 5400 Jt 5600 ~ 5800 ~

1 3 1 2 3 1 2 3 1 2 3

4000 ~ 7 33 26 5.5 32 26.5 2.9 16 13.1 .5 ~ 5.5

4500 A 27 49 22 21 48 27 11 24 13 4.5 ~\.5 7
~;

4900 ~ 3.6 21.4 1.6
-:

9.88 37 29 7 "47 40 24 11,.4

~l = Fluorescence of the proflavine-D~ffi complex; 2 = fluorescence of the

proflavL~e-acridineorange-DNA co~plex; 3 = difference.
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some twenty fold less than it is at 4900 ~. This is clearly not

the case, thus demonstrating the tz-ansrez- from proflavine to acridine,

orange. Additipnal proof is given by the varia.tion of theiPolarization
o .

of fluorescence emitted at 5300 A \\'ith exciting wave length:

P (4200) = .175 pnd p (4900) = .28. For these vmve lengths

about SO;~ of the fluorescence is rron acridine orange, The polarization

of a sruple proflavine-DNA canplex (P:D. ca. 20) is .24.

Excitation in the £.y. and base E£ dye transfer: It now appears

possible to attribute the change of quantum yield upon excitation in

the V.V. to sensitized fluorescence, involving transfer of excitation

fro~n the purines and pyr1midinesto the dye. Such an hypothesis

has already been advanced by Leman to explain relative uncorrected

action spectra of quinacrine and quinacrine-DNA complexes.

Polarization measurements at very high P:D values are

impossible,. due to the high absorption by DNA. The values for

intennediate P:D ratios reportcd in Fig. 4 indicate a s~aller value

t han in the visible. Quantitative:: deductions are however- difficult

because dye to dye transfer is still effect~ve and transfer of

8xcitation through the long i~(lve lenGth perpendicularly polarized

trar~ition of the dye is liy£ly to be Luportant. It must, however, be

pointed out that the same considerations used to explain the

LLuitir~ value of polarization of the dye at low P:D ratio for

visible excitation should hold for the angle between the absorption

transition dipole of the bases and the Qnlssion transition dipole of

the dye with mcxiifications dU'2 to slightly different geornetry of base

ana dye: pairs and the different possible orientations of the tFcillsitions

in t~2 dye. The'net result should be a positive polarization; tbis

1
!
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provides an explanation of the inversion of polarization of the 2600 J?

absorption bandlof quinacrine bound to DNA which appears in!the curves
, I
\ I

published by Leman, Table 4 gives some data obtained with p~qflavine

and .acridine orange canplexes in the U.V. region.

More careful studies of the polarization and of· the efficiency of

the sensitization as a function of 'dave length (\dth narr-ow band "ddth)

in the region of DNA absorption are needed to analyze the efficiency of

transfer as a fur£tion of the optical properties of individual bases
\

and dyes and to gain eventual, information on preferential intercalation

between given base pairs. It \'1111 simultaneously help to solve the

lYroble.l1 of efficiency of base to base transfer to which a first approach

ca~ be made on the basis of the precedirlg results.

T:'1e ra~io of quantum yield in the U.V. to quantum yield in the Visible

has been plotted in Fig. 9 as a func td.on of P:D for the case of

acridine orange. Tne higher vatues cctatnec (appr-oxlrate'ly 5) in

co.nparison with proflavine (approxirY'ately 3, see Fi.::. 6) are likely

to be due to the better overlap of the fluorescence spectrum of the bases

\uth the absorption spectrum of the dye. For the lowest experimental

value of P:D = 6 the ratio of sensitization is 2. Taking into account

the respective coefficients of absorption of DNA and the bound

acridine orange (approximately 7000 and 30,000, respectively) this

means that nearly all the energy absorbed by the bases is transferred to

a dye molecule, i.e. the ratio absorbance (complex)/absorbance (bound
in the polymer

dye) is 2.l.J. If the "free path Lengt.h" of excitation energy/was infinite,

which mear~ a totally efficient tr~nsfer with no loss of energy,

the ratio of sensitization should then increase indefinitely 'tlith the ratio

P:D. TDe experiment shows that in fact this ratio increases only

slightly to level off for values of P:D of the order of magr~tude of l.JO.
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TABLE 4
I I

Polarization.of ;Fluorescence of the Conp'Iexes in the U.V. R~ion
'\ I

(Emission between 5200 and 5500 ~) I
. . . . ...

Excitation 2600 2700 2800 2900 3000 3100 3200 3400 3600
vtese length

A.O.-DNA

P:D "" 25 .175 .160 .150 .130

P:D "" 50 .20 .17, .16 .10 .05 .13

Pro-DNA

, ,',P:D ::: 30 .15 .18 .17 .17

P:D = 60 .19 .17 .19 .18 .18 .07 .11 .27
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Tnis provides a val~e for the path length.of excitation from base to base
I , .

I

equal to ten or twenty base pairs, after \vhich the excitation energy has

been released into vibrational quanta. This result is to be expJcted from"

the heterogeneity of the base pairs, ard could account for the absence of

fluorescence of DNA as SUCh. It gives an exper-imenta), basis to theoretical

discussions of the concept of exciton raigration in the DNA molecule.

Similar experiments \V'ith hcmopolynucleoti,des in the helix and coil

shape, and the use of dyes with different gross structure and electronic

properties will be va.luab'Ie to investigate the gecmetrical requirements

fop. energy transfer and the possibility of longer path.length of

e1~~tation (or exciton) ml.gratdon•

.,' '.)lantliJi1 yield of the isolated boun::l dye: So far we have neglected

trw large difference in the .change of quantum yield occuring upon bin::iL'1g
j

oft the dye to a large excess of po.Iymer- for acridine orange ani

proflaVine. The simple effect of viscosity should be an increase actually
~7

oO~FVed in the case of acridine. orarr;e , i'lhile in the case of proflaVine

binPL~ results in quenchL~s. Slight c[~es of absorption spectrum in
'j;

th12presence of large quantities of' purine nucleotides have been reported7
i-~

8..1'1. we have measured the change in fluorescence of the dyes under the

fqUovli.'1g circumstances: a) vrnen bound to excess of polyadenylic acid,
ft}i:

oO#h in the helix and in the coil conf'Lgur-at.fon; b) in presence of
.1.~ I

lOrrr ;:,1 concentration of different nucleotides. T'ne results are given

'; These preliminary results wou.Ld lead to the notion that the binding

constant can be influenced by the natur-e of the base and the d.if'f'er-ence

between the th-O dyes ma.;r be due to different ccupling with different

oases. The enhancement of fluorescence of acridine orange by Al'ilP should be compar'ed

~Qth the proposed formation of a co~plex on the basis of phosphorescence

measure.'Tlcnts20•



TABLE 5
I •

Variation of th~ Intensity of Fluorescence of the Dyes 111 t¥ Presence
. • • . ~ I

. , .,
\ of Excess of Mono ani Polynucleotide::.>.

!I;"'ucleotide P:D Acridine orange Proflavine

Ilf hang polarization %change polarization/p c. ze

polyA coil 200 + 100 .28 0 .16

PolyA helix 200 + 100 .23 0 .25

fu"IP 104 + 66 0 -15 0

'll1P , 104 0 0 -25 0
\\

104 0eMP 0 0 0
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SYNOPSIS

Dye-nacromolecule complexes provide goed models for the study
, .

of 'the effects of coupling between chromophores. In addition to medifi­
\

cations of the visible and U.V~ absorption spectra of the dyes at

small interchromophore distances, very efficient energy transfer has

been demonstrated at longer distances ~ The probability of ncn­

radiative transition increases with the number of excitation transfers'

so that an arra:j of oscillatcrs close to one another becomes non-

fluorescent.

The insertion of a dye molecule,. acting as a trap.for the

excitation energy, in the highly ordered system of 'chromophores

constituted by the purine and pyrirr~dine hases of native DNA has

given results supporting the intercalation model of Lerman and

providing an experimental approach to the problem of the path

~ength of energy migr-ation in the DN.C\. molecule. The average excitation

path length seems to be of the order of only ten base pairs, a

result which can explain the lack of flucrescence of the DNA.
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APPENDIX·

Calculation 'of the correction factors due to the variation in
~~............;.o____ ----

transmission ·through ·2 monochrorra.tors ~.~ polarization 2£.

~ light.

The transmission of the horizontally polarized ccmponent does not

vary in the narrow range of an absorption or of a fluorescence bam.

The unpolarized light produced by thc· source would.normally give

four fluorescent components related by the relations:

Vh = Hv :z Hh ; Vv = Hh (1 + p)/(l - p)

Due to the instrumcntal factors tl and 1;2 the instrument gives:

HA = lIh; VA = t 2 Hh; ~ = t:I: Hh and Vi = tlt2 (1 + p)/(l - p)

The correct intensity of fluorescence in unpo1arized incident light is:

I ::: l'
4 - 2p

1 + 0
(1 - p) [1 + t1 + t 2 + tlt2 1 - P ] (1)

where I' is the observed value without po1arizers and the true

polariiation of fluorescence

V' - t2 H'v v
p :::

Vv:+ t2 Hv
If starting ~~am a solution of free dye at a 'given concentrat1on~

e;nitting an intens.ity 16~ the addition of the polymer to a' given

ratio lets. a f'raction q of the molecules remain unbound, with an

unpolarized fluorescence~ and binds a fraction (1 - q) of the molecules

which now give. rise to a polarized emission~ the polarization of

fluorescence of the bound. dye PI can be calculated from the actual.

values of the intensities of fluorescence of the two solutions~

I' and Io, the value of q, and the corrected polarization of fluorescence p

of the solution containing the polymer. If the subscript I stanis for

the bound. dye the four components of the emtssf.on are:
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. Vy = tit2 Rho q + tlt2 Hhl (1 + Pl)/(l -Pl)

I\r == t l (Hho q + Hhl)

Vh + t2 (Hho ~ + H.ru.)
I,

Hh lIZ RhO q + Hhl

. Hhl (2 Plil - Pl)
Too polarization P = ~__

2. I~ ~ Hh1 (2 Plll - Pl)

=------------------------------

"In most cases. a negligible error is intrcduced by the replacement
1 . 1 + Pl

of I~ q [(1 + t 1) (1 + t 2)]- by 16 q [(1 + tl + t 2 + tlt2' ) (1 - Pl)]-l
1·- PI

Pl is then the root of the equation

(4) 2 pi (1' - I~ q) - Pl [2 P (I' + Ib q) + 4 (It - I~ .q)] + 4 p l' = 0
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__ P: D between 5 and 50.

FIGURE LEGENDS

Fig. 1. Optical properties of proflavin+ in 10-1 M acetate. buffer, pH 5.5.

__ Absorption spectrum,S x 10-6; ~._ Absorption spectrum, 10-3;

-- - - Fluorescence s~~~t~, 2 x 10-6; Polarization of

fluorescence.

Fig. 2. Optical prop~tie5 of acridine orange monocation in 10-1 M

acetate buffer, pH 5.5. Absorption spectrum, 5 x 10-6;

_._ Absorption spectrum,S x 10-4; - - - - Fluorescence,

2 x 10-6; Polarizati9n of fluorescence.

Fig. ~. Titration of proflavine ani acridine orange cations with polyphosphates.

Top: Proflavine, 2 x 10-5 M,. Pure aye; - - - - P:D ... 0.25;

___• P:D =0.75; •••• P:D =1.25;

Bottom: Acridine orange, 2 x 10-5M.,__ Pure.dye; - - - - P:D = 1;

•••• P:D = 2; _._ P:D between 5 and 50.

Fig'. 4. Changes in absorption by fixation on DNA.

Top: Proflavine' total concentration, 2 x 10-6 M in 10-3 M acetate buffer.

__ Free dye; __ P:D ... 4; - - -- P:D > 20.

Bottom: Acridine orange total concentration, 2 x 10-6 ~ in 10-3 t1

acetate buffer. Free dye; - - - - P:D >20.--
p = polarization of fluorescence of the cQ~plex with P:D = 50.

Fig. 5. Shift of the absorption and fluorescence spectra of the free' and

bOund dye (P:D = 100). (Relative ~alues obtained by fitting the

maxirrurn values arbitrarily to 1). __ Free dye; - - - - bound. dye.

Fig.' 6. Relat~ve quantum yield of bound proflaVine as a function of P:D.

Open circles, excitation in the visible; closed~irclesJ excitation

at 2600 ~.

Fig. 7. Relative quantum yield of bound acridiIle orange as a function of P:D •.
Closed circles, excitation in the visible; open circles, excitation

at 2600 A.
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Fig. 8. Change of the polarization of fluorescence of the ccmplex

excited in the visible with the loading of the DNA.

Fig. 9. Change of the sensitization ratio (ratio of quantum yield for

excitation at 2600 Xand in the visible with the loading of

the DNA.
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This report
sponsored work.
m1SS10n, nor any

was prepared as an account
Neither the United States,
person acting on behalf of

of Government
nor the Com~

the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.


