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ol) Exoerlmental techniques'-i“;;_A" o f- ' B O ,!
nbcowotion' The absorption speCora were measured on a Car%

| bpeﬂtrophotometer. Careful correctiono for base line deviations were

: vcarfic' out.’ The complexes were prepured olrectly in the 1 empath length

quartz cell by addltion o; nlcrov01uncs of a concentrated oo‘ﬁma?'.

solution to the ye solution and ma'wc°1c stirring. Measurements on

con entrated soluuions of the purerdye were pessible by feducing the

OQL‘ length with quartz blocks of known thickness. A check on the

relative thickness is prov1deo by meaouranents on compourds cbeying

- Beer's law over a wide range of ‘concenty -oa. Turpidity corpections have

been aoculated and are venerally nc.mxglo‘o. Turbldity effec to &re,

in any case, conoenoated by the use ofi" @ ; rolyAm“ solution in the

Tluorescence: The fluorescence K,aSUTL“thS were czrrisd ocut on

Identically vrepared olutﬁong on an ‘minco Bowsann boectro Cluoroneter.
The ¢eaign of the instrument allows the observation of the emission

T . - R SRR i | ' R . ,: TR s 3 A 1 aan b Y e o, A
only in a’'direction perpendicular to the incident beam; therelore

P

the range of‘uSeful'concentrations ie llmited to values of the optical

v,

cenzity sufficiently low to avoid a reabsorption of the flucrescent
light. A correction for absorption of the incident dbeam before reaching

the small observe volume in the midile of the square 1 cm cell must

be cerried out, and can be very important vhen the polymer itsell absorbds.

The correction fa tor 1s the ant“-Wo,u:Lthw of half the optical density.

:ogmmhmsmmm&meUrsaLmeum:mmmcoltm;amfaion

ard fluorescence wave length. A series of zlits define the band width

irvoives recording of intensities-for the 10 to 100 combirztions of § to



Jaey,

the case'of4unpolarizedvf1uor sce':c:2 As we were o”;;a_ily interested

m‘
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et in the form'ofJ: matrix which is used for direct enumeration of the v !
. N . |

mumber of ‘fluorescent specles in solution, according to the method of Weberd.

The -construction of the true action and flucrescence spectra require
a series of corrections which have been carefully studied by Parker for

-

in the relative values for the free and { bound dye, Lhere wes po need for
ca “&u*on of the wave length dependence of the nqmber or
reaching the cell. An approximate curve can ‘e’bbtained by matehing
the anbarentiaciion Spectr&m with thz zbscrption spectrum for a d"e'
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L 1ts quantun yield as a function of the excitation
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The »r“c flucrescence spectrum ‘is erpressed as thie nwicer AQ/dv
of the gquanta & emitted at a frequenczy v with a band width Bv. It is
deduced from the outout Av of the pnotomultiplier through the relation:

: dQ/dv = {w(BvL\in)

wnere Lv 1s the transmittivigy of the out cal system

ST 4 s e B - P ]

Jith a grating monoe JKX&&LOP Bv.
ey Ny deon bt 4 .‘Q ”'13 :'
CO 08 CONSUAND lﬂ cne .['v:..n OJ.

xnsibivity o urve uunollﬂd by t 2, ryoralaniurer.

Solsrization: Tne 1nge“+;on of two Glan polerizing orisms in the

incicent and [luorescent bean allow o depzrate measurement of the Tour

v ~ oo :, . - . 2 i 3 S ”b. ix 3 -
components of fluorescent light, Hy, vy, &y and oy, where »ne capital
£y b dm ey 3 B N 1 . ',-,m‘ PN T o PR - PN
letters indicate the polarization of the [lucrescent light and the
. . & . - -

subscript that of the inc cident light. Vertical polarization (V) indicatées

N

I NV R . A5 IR S CAP Fha TraT Ao el e mrrrs 45 e
trie electric vector perpéerdicular to the plane of the incildent ard observation

bezmz. The pol;:;”a tion o ‘Tluorescerce is classically derf
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Tne- ob.;er'vation of dilute solutions of free dye in ‘o viscous
solvent revea.l a,l& depe'zdenu. of tae oran:fnit ivity of the gratings

‘aceording to uhe oo *‘i ation: o;_ the light. The ratio of these transmittivities

ﬁ)
Q
o
P
bl
S
o)

(4\;) i (u\)) is exocr:zmemal’ ‘,' determined from ¢
actual values with the theoreulca; equality : Hy = Vp = Hy. In the
| ffl’o-r:'gng t; will mean the va.liAe of ¢ for '@:.v.e'monocbroma,t- r selecting
The excitation wave ,length, to the valu'e for the ‘..o“ow;.i matar - 5

selecting the emission wave lengtn. t

Y .
z 3 . v AT . Wa e ~i vy - 3 s A Vs “- e
nold any mere. More COmpllCatC‘ ww?ec\,*o“ formules are needed to obtalin

.

the true [luorsscence .,occtru“ and the true polarizaticn. Thelr

. o] g e o e e Tl
Aztes sor«r technilcues: The concentretion of the polymer was .
PR 2 . ~ et . tar 4Y S R A A pte o A
uE:uel”m_'ncﬂ fron analysis of p. csoherus oy the method -of Chen &b al.™.
\ _
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Molecular welght de erri ma.._cmu vere done by light scatterinz.
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shaorption spectra: The chansss in absorption when the ratic of
A o L

esseo. as concentra m,.hc 1 N monomer uni

S e, o o PP A P A s S ey ey e
“rerexse feom 0 to'a value where no further change of absorption ocours
e used ';:@Acalculate: the abscrition specirun of the free and bound dye;

Lhe percentuge q of free dye fqr 3
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of polyizr to oye in. mo can plc».u : "
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. For one excitation

(equation 1)
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Ahsorption spectra: The results given in Fig. 4 were obtained on
|

-6

very d lut te solutlonn (2 10 M) of dye in 1073 M aceuate fer, pH'S.S.

Es
%

e

i

ps to bowd dye

Under these conaitions the ratio of phosphate gro*os
miolecules is higher © than 5 when P:D is higher than 1. We are
therefore Gealing with the "second type® of birding for wnich

the intercalation model has been proposed. The spectra p“euent wWell-

efin d 1gobegt1c point. For values of P:D higher than 20 no more

'Q.

) ; ~

change ol absorption occurs and the quasl totality of the dye is bound.
spectrum with a red shift o; 100 to 150 & in the visible

1, . -

 to tnose already oublisned

_ ,
i
H X o de o 3 5
e ULV, specira obtained
] £

‘o5 difference spe ctr with DNA solutions of egual congcentraticn

were not as accurate,due to the &absorpitlion by the polymer itself,
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Ticult to_evaluate precisely.

the absorpticon pre p ties of the dyes or of the bases ©
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Hoviever, the absolute value of thie chanze of oscillater strengin
correspords roughly to 507 for tno dye vut would corvespond to the
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to the red snlzt observed in ‘he aosormtlon spectrum, w

]2 ' o " } ‘ .

luores»epc; speptra. The xluorescerce soect*a reveal

|

Par&edly in VQC case oLAprozlaVLne (Pig. 5),a shift of the maximum

|
& |
-

of the ;luoresceﬂve band of thﬂ bound dye towards shorte” wave

length, ard a narrowing of the bard. This blue shift muot be related

nicn shows a

similar rarrowing. If the latter was to be explained by an

(D

gap between the ground and the
' ‘

Tirst excited state, the Pormer nould be in the same direction, i.e.

envirommental effect perturblng th

towards red. Shifts of opposite dlrection in absorption and f-uu.e° ence

.(_)

spectra, which bring the mazima closer, stronzly suzgest an
alteration of the-Vibrational pattern, with a higher probebility of
ulation of the low vibrational levels, mluh the subseguent snifts

and narrowing of the bands., A similar effect 1s observed when comparing

B I LAy AP e sy o - i e e P e, S
oL The gnergy O ansier 1r the DMA molecule: So far we have only compared

N

yileid CfFflqoregcence of the bound dye varies with the actual P:D
ratio in the corplex. The fe wlts present four interesting features:
g}Tﬂe relative q¢*nuun yield at 1¢gn‘?;~ ra+1o is cifferent Irom

b) the relative quantum yield at low P D ratio is zero; ¢) the
variaﬁion of the'relatiQe quantum vield as a function of leg 2D is
sigﬁoid?i in shape; d) the quantum yle lQ is a function of the wave

iength of excitation and is higher when the excitation takes place in

el ﬂ*~~on of abso ption of the DA iLselfl.
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Assuming that llri couantaa yield ot
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as evidence for energy transfer both from dye to dye and fram the
purines and pyrimidines to the dye.

Fxeitation iﬁ the visible rezion and dye to dye tranof : The shape

of the variation of the relatlve quantum yield as a function of log P:D

02

(the actual ratio in the complex, is very similar to that given by

concentration quenching in solutionsz of free dyes. The value of P:D
correspbnding to half quenching in the complex is for beth dyes

approximately 20, which corresponds to an average separation of 34 A

betuween the two binding SLtes along the DNA structure. This value is

n,J

very similar to the nalf qu enching values obtalned for concentration

guenching+?. It is not possible tc relate this value Lo the distance

=
- of nalf propabllity of energy transfer in the absence of infcrration
on the mechanism of quenching and ca the iistribution of dye to
dye distaﬁces in the complex. Assuning scme necessary numoer of
"jumps”, N, of the excitation eneryy in order to reduce to half

3

the probapllity of radlaulve trg wsition; 2 Dgus..lan distribution of

-~

dve to dye distance with adJUSucb.a width, AR, and a dipole=dipole

“‘Lcanluﬂ of én "gy transfer Nib; = value R

O
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ct
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woaich the nrooabi ty of transfer
onstruct a curve which fits the cupsrimental results. Since it contains

torze adjustable parameters, N, 4n, and R,y it does not shed much light
on the physical mechanisms irvolved. Ir, however, different dyes with

larzely differer t values of Ro deva“Ln & from concentration depolarizaticn”
of the Ires dye could be used, suck: a mathematical model would be o

D

notable interest. A distance for ha f"avnchlnb 5¢ simiizr Lo those

_l

oot ed wnen the relative positlions of;the molecules are at rerdom might

transler uue

enoear contrary to an r;é:'f.pectc-:'4 incr se of provadcility o



to sune’régular,re ﬁion in orientation between dye mo;ééules" ter-

. calated according to the Lerman model. It must bévrcuﬁmbered that the
anzle between traﬁsmtion moments ljluu at a distance n times 3.4 ﬁ
would be 2wn/10 in tnls model so that the average facter co:;2 2rn/10
(3.&-n)6 whi h roverng the prooabilluj of urapsfe‘ in Forste
th&éry19 will notvbe larger than in the absence of some relation
betwsen distance ard orientation. |

An explanation’alternative'to energy trunoxer might be found in
a redistricution of the dye molecules along the polymer between sites

)
L

erenc quenching power as a function of lcading. However, the
i

5 of the measurements of the polarization of fluorescence

a satisfactory proof of the proposed enerzy transier mechanisni,

Fig. 8 and Tavle 2 give the results of measurements of polarization

§0r>u001;at;on or he-complex in the vislble rezion. The polarization

_b' ing related to the angle between the afsofption and emlssion transiticn
moment, decreaééf with transfer of energy from one molecule‘to the cther =
50 that a narallél change in polarization arnd quantun yleld 0rov1des

500d proof of the Vallaltj of the mect anlsm..

TABLE 2

‘Polarizaticn of Fluorescence of tn@ Dye-Diik CoA lex.

Acridine 2:D & 10 25 60 100
DHA 18 175 180 .22 .275 .35
Proflevine P:D 20 L0 30

DA o) .2”: .30 .33

In the case of concentration depolarization of pure dyes, the
polarization drops to zero with the quantun yield. The

PRE I ' Cad - ' o i .‘1 A PR IR IR0 Wi S -~ e ~; -
this case the polarization tends to a limiting value ar low guantwnm




- RD raﬁio ehergyiis indeed likely to be-transferred through

|

iseveral dye molecules so that the angle between absorption and

emission trans;tloq dipoles W’ll be 2m/10 with an equal

probaoility of energy transfer for each value of n.nThe calculation

of the average square ‘cosine gives

10
0 T ', cos?2m/10 = 0.49

.0052 a =

i

leading to p = .135 which can be compared Wwith the experimental
value .175. Introduction of a variadble probability_of energy transfer
as a funbt¢on of n vould increase the calcalated polarization.

A last experiment was performed to confirm directly the

ossibility of energj transfer from dye to dye. Taking advantage

g

. of the relative positions of the &bLO“ptiOn and fluorescence bands

of pound proflavine and acridine orange an experiment of sensitized
flucrescence has been realized with a complex of DNA ard proflavine
(P:D = 20) to which a ;ﬂall proportion of acridine crange has been

added (P:D = 100). By variation of ‘the excitation wave lergth from
4

{000 ﬁ, nere the aaoowot;on of acridine orange is small in-

ccmparison o pr roflavine absorption, to 4900 R, where the situation
is reversed, ard by camparison of the intensities of fluorescence
of this mixed complex with that of a pure proflavine complex, the
pnenomenon of sensitized Iluorescence is clearly demonstrated.

The difference sp«ctrun (column 3) has 1Ls maximm near DQOO K
wnich corresponds. to the emission maximwﬁ-of acridine orange. In.
the absence of the sensitized fluorescence of acridine orange one
might expect the excess emlssion of .the mixed complex, excited at
different_wave'length; to vary as thc absorption of the acridine

orange, i.e. na excess enis ion (column 3) at 4000 & should be
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; TAELE 3 o i
b : : ' o '

" Sensitized Flugrescence of Acridine Orange by Proflavine iA
‘;va - J

the Proflavine-Acridine Orange-DNA Complex. '

Wave length = Wave length of emission”
of excitation ’

sec0 - ss0R  -se0®  seo0 k-
12 3 2z 3 12 3 12 3
4000 & 7 33 26 5.5 32 2.5 29 16 131 .5 § 5.5
4500 & 27 49 22 21 4 27 11 24 13 A5 11.57
1900 2 8 37 29 7 kT k0 . 3.6 24 2L.A 1.6 1k 9.8

"1 = Fluorescence of the proflavine-DNA complex; 2 = flucrescence of the

proflavine-acridine orange-DNA complex; 3 = difference.
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some twenty fold less than 1t is at 4900 ) Thls is clearly not
the case, tqus demonstrating the transxer from proflav1ne to acridine ' _' : i_« '
io:ange. Andltlpnal proof is glven_by the varlation of the;polarizatlon o
of Tluorescence emitted at 5300 & with exciting wave length : P
o (4200) ='.175 and'pb(uéoo) = .28. For these wave lengths | |
about 80 of the'fluorescence is from acridine orange. The polarization

of a simple proflavine-DNA camplex (P:D ca. 20) is .24. .

Ixcitation in the U.V. and base to dye transfer: It now appears

possible to attribute the ehenge of quantum yieldrupdn excitation in
the U.V. to sensitized fluarescence, involving transfer of excitation g'
from the purines and pyrimidines«to-the dye. Such an hypothesis ’
nas alre aay been advanced by hernan to explain relatlve uncerrected
action spectra of qulnacrine and qulnecrlne—DNA complexes.
Polarizatien measurements at very high P:D values are
impossible, due to the high.absorptidn by DNA. The values for
*hterﬁediate P:D ratios reported in Fig. & indicate a smaller value
than in the v*31ole. Quantltatlve deduptlons are however difficult
because dye to dye transfer is Stlll exfect;ve and transfer of
excltation through the iong waye lehgth perpendicularly polarized
transition of the dye is.likely to be imnortaht It nust, however; be
pointe d out that the same conside ratlons used to explain the
e ¢1mit1ng yalue of polarlzatlon of the dye at 1ow P: D ratio for
VLolOle exciltation should hold for the angle between the absorptien
- transition dipole of the bases ana tﬁe‘emissios trensition dipole of
the dye with modifications dué’to'slightiy different geometfy of base
ana dze oalrs and the dlffereﬂu 00351ble orlentations of the transmtlons

'lu ths Qje. The" net result snvqid be a posltlve polar*zation, this



-

 between given base pairs. It will sirmltanecusly help to solve the - H

~ problem of efficiency of base to base transfer to which a first approach

"-18-_

rovides an explanation of the 1nversion of polarlzation of the 2600 R
absorption band‘of qulnacrlne bound to DNA which appears in'the curves

published by Lerman Table 4 gives some data obtained with proflavine '

" and acridine oranue complexes in the U.v. region.l

More careful studies of the polarlzatlon_and of the efficlency of_
the sensitization as a function of wave length (with narrow band width)
in the region of DNA abSorption are needed to analyze the efficiency of

transfer as a fuuction of the optical properties of lnd vidual bases

- and dyes and to gain eventual-ln;ormatlon on preferential intercalation

can be made on the basis of the preceding results.

The ratio of quantum yield in the U.V. to quantum yield in the visible

-has been pleéted in Fig. 9 as a function of P:D for the case of

acridine. orange. The hlgner values coizined (approxlmately 5) in

“comparison with proflavine (approximately 3, see’ Fig. 6) are likely

to be due to the better overlap of the fluorescence spectrum of the bases
vith the absorptlon specurum of the dye. For the lowest experimental

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

the respective coefficients of absorption of DNA and the bound -

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

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

a Qje molecule, 1.e. the ratio absorbance (complex)/absorbance (bound
" in the polymer

dye) is 2.4, II the "free path length" of exc1tation energy/was infinite,

wnlch means - a totally efficient tra nsfer with no loss of energy,

‘>the ratio of senSLtlzatlon snould then increase 1ndefin1tely with the ratio

P: D The exyerlment shows that in fuvt tnis ratio increases only

sllchtly to level off for values of P D of the order of magnitude of 40.
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’the larée difference in the change of quantum yileld occuring upon oindino

=20~

V‘This provxdes a valﬂe for the path leﬂuth of excitation from base to base

I

equal to ten or twenzy base pairs, after wnlch the excltation energy ‘has

been released 1nto vibrational quanta This result is to be expected from o

the neterogeneity of the base palrs, and could account for the absence of

 fluorescence of DNA as such. It gives an experimental basis to. theoretical -

‘discuSslons of the concept of exciton migration in the DNA molecule.

' ulnllar experiments with homopolynucleotides in the helix and coil

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

properties will be valuable to investigate the geametrical requirements

fon e“erby transfer and the posslbility of longer path length of

exggtauion (or exciton) migration.

Suantum yield‘ca'the isolated bound-dye:'So far we have neglected

v

oﬁz the dye to a large excess of polymer for acridine orange and
pro Lavine.“The simple effect of viscosity should be an increase actually

ooserved in the case of acridine.orange, while in the case of proflavine

. olnglnb,reou;ts in quenchino. Slight changes of absorption spectrum in
CoR

thgﬁ_resence of large quantities‘of’purine nucleotides have been reportedl
aqé we have measured the change in fluarescence of the dyes under the -

;ollozlnu circumstances: a) When bound to excess of polyadenylic acid,

_ oogn in the hellx and in tne coil: cocfl“uration, b) in presence of

;LO"? M concentration of dlfferent rucleotides. The results are given

#

%
in anle 5.

% These orelnnlnary results woulo lead to the notion that the binding

H

conscant can te Influenced by the nature of the base and the difference

between the two oyes may be due to different coupllng with dlfferent

 bases. Lne ennanceﬂent of fluorescence of acridine orange by AP should be compared
'xdth vhe oruoosed formation of a coﬂolex on the - basis of phosphorescence

- measuremnents 20.
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: . ‘ Variation of th% Intensity of Fluorescence of the Dyes in thp Presence'e?};ff_-ref?
of Excess of Mono and Polynucleotides. ‘.;-, S !

| Mucleotide  P:D - Acridine orange 5"-1: . Proflavine
: | ‘ ) chanbe nolarizatioq N % change B polarization

ot

PolyA coil 200+ 100.;7f-v.28;"'f e .e'f‘io:e a6

s PolyAbhelix;'200_' + 100 |  ~1.23 ”f.‘f'lﬂl f:" O,e; ".,v*';25”:'
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SYNOPSIS
Dye-macromolecule complexes provide good models for the study

.of the effects of coupling between chromophores. In addition to modifi- :
‘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 nane-

, radiative transition increases with thelnumber of excitation transfers

so that an arrey of oscillatars close to one another becanes non-

" fluorescent.

The insertion of a dye molecule, acting as a tran.for the
excitation energy, in the highly erdered system of -.chromophores
constituted by the’purine andvpyrimidine hases of native DNA has
given results supporting the intercalation model of Terman and
providing an experimental approach to the problem of the path
lenQ h' of energy migration in the DNA 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 fluarescence of the DNA.



where I' is the observed value without polarizers ard the true

APPENDIX

calculation'of the correction factors due o ‘the variation in

transmission ‘throuzh the monochromators with the polarization of

"~ the li@ht..

The transmission of the horizontally polarized component does not
vary in the narrow range of an absorption_or of alfludrescence'baﬁd. |
‘The unpolarized light produced by the source wouli,normally glve
foﬁr fluorescent cbmponents'feiaﬁed by the relations: |

' Vo = H, =By Vy=H, (1+p)/(1-p)

Due to the instrumental factors tl and t, the instrument gLVes.

Hy = VR =ty Hpg HY =ty Hyoand W = ty5p (14 p)/QL - D)

The correct intensity of fluorescence in unpolarized incident light is:

I=1 o 1+
(l-o)Ll+tl+t2+tlt21—p] (1)

polariiation,of fluarescence. .

ot @)
p = '

V\',"!‘ t2 H\',

. If ‘starting fram a solution of free dye at a'given concentration,-

emitting an intensity I!, the addition‘df the polymer to a given

- ratio lets a fraction q of the molecules remein unoourd, with an -

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

whlch now give rise to a polarized emission, the polarization of
fiuoreScence of.the bound dye‘pl can bé caiculated from the actual.

values cf the intensities of fluorescence'of the two solutions,

' I"and Io, tne value of q, and the corrected polarization of flucrescence p

of tne solution containing the polyrerg Ir uhe subscript l stands for

the bound dye the four camponents.of the emission are:



R T'ne polariza‘cion p=.

-

et o @ + tl‘cz th (1 i pl)/(l "pl)
. ~1 ¥(HG Z tl (Hho q + th) .
{;L  ff?vh - t2 (Hho q + th)
N i‘_’.'Hh Hno q+ Hm ;

R "_j?gﬁé%ga‘,wwwﬂwv“”"

(2 P/l - Pl) ,
2 H  + th (2. pl/l p1)

. hea2p . 1wp g2p
(va..gzaq)g;.____i (1+tl+t2+tlt2.._...i).l L
ST b Q@ -o). l-p 1l =Py

4-2pl SR o l+p]_l

211 g (1+cl)-l (l+t2)"l+ (I' - 3:' Q) — (1+ 1t + tp + t18p —)

(L -py) . . 1-pp 1-

_jIn most. case.;, a negligible error 1is mtroduced by the renlacement

1+ Py

- oflI(') a [(l, +__tl) (1 + t2)3 ;by _I q [(l + tl + ‘62 + t51“02 —1 1 "'Plﬂ -

l'- pl

p1 is then the root of the equatlon

'@x ;2p1u'-rq>-mc2pu=+rq>+ua'-rqn+up1'€o.”
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Fig. ‘l.. Optical propert:.es of proflavin"' in 10“1 M acetate. buffer, pH 5.5,
o Absorption spectrum, 5 x 10‘5 ___ Absorption Spectrum, 10'3
"‘-- - Fluorescence spectrum, 2x 10 6 3 . Polarization of - ‘
‘ .fluorescence. . | ‘ _ | . |
Fig. 2. bptical properties of acridine ora_nge monocation in 10-1 M
" acetate buffer, pH 5 5. ____ Absorption spectrum, 5 x 10"'6;‘ :
——— Absorption spectrum, 5 x 10"‘ ----- Fluorescence,
2 x 1076 ; ______ Polarization of fluorescence.
. Fig. 3. Titration of proflavine and acridine orange cations with polyphosphates.
~ Top: Proflavine, 2 x 1073 M, ____ Pure aye; - - - - P:D = 0.25;
. __PD= 0.75; +... P:D = 1.25; _______PDbetween 5 and 50.
Bottom: Acridine orange, 2 x 107M. ___ Pure.dye; - - = = P:D = 1;
Ceese PD=25 . PD between 5 and 50.
Fig. 4. Changes in absorption by fixation on DNA.
Top Proflavine total concentration, 2 x lO"'6 M in 1073 K acetate buffer.
__Freedye; ____ PD=U4; == =-=P:D>20. A
Bo'ttorn: Acridine orange total concentration, 2 x 10=0 M in 10=3 ¥ -
‘acetate buffer. ____ Free dye; - - = = P:D > 20. |
‘ 'p = polarization of fluorescence of the camplex with P:D = 50.
_ Fig; 5. Shift of the absorption and fluorescence spectra of the free and
| bound dye (P:D = 100). (Re%ative values obtained by fitting the
- maximum valoes arbitrarily to 1). o Free'dye; - - = = bourd dye.
Fig. 6. Relative quantum yield of .bound proi‘iavine as a function of P:D. '
Open circles, excitation in the visible; closed circles, excitation |
at 2600 %. o | |
Fig. 7. ‘Relative ‘quantum yield of bound acridine orange as a function of P:D.
Closed circles, excitat;on in the visible; open circles, excitation

at 2600 .
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',k"-i;t'.Fig 8 Change of the polarization of fluorescence of the complex L

o j' excited m the visible with. the loading of the DNA. o

g vFig. 9. Change of the sensitization ratio (ratio of qua.ntum yield far ‘i,,é

excitation a’c 2600 R and .’m the visible with the loading of

‘che DNA. S A
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. This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of 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,
o w... 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.








