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operimental techniques: . : ’ \
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Absorotion: The absorption spectra were measured on a c“p%'*u
—— A

Spectrophotometer. Careful correcticns for base line deviations were

carried out. The complexes were prepared directly in the 1 cm path length

o

quartz cell by additlon of microvolunes of a concentrated polymer
solution to the dye solution and majiebic stirring. Measurements on
concentrated solutions of the pure dve were pcssible by reducing the
path length with quartz blocks of knowa thicimess. A check on the

relative thiclkness is provided by measurements on compourds cbeying

Beer's law over a wide range of concentration. Turvldity correciicns hav

seen calculeted and are generally nc::igible. Turbidity effects zre,

in any caze, canpensated by the use o a polyner solution in the

- s T V. 1
reference cell.
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mlaorescence: The fluorescence moasurenernts were carrlesd out on
2y i “ f. N " Je e, e P N o
identically nreper solutions on a:i ‘minco B3owaary Specirolluororeter

The dzsizn of the Instrument allows Thez observatlion of the emiscion
only In a 'direction perpendicular to the incident beam; there
tns ronge of useful concentraticons io Llwmited to values of the opntical

dencity surlficiently low to avold a rorbsorptlon of the flucrescent

the smzll observed volume in the midile of the sguare 1 cm cell must

By

be carried out, and can be very impoctant vwhen the polymer itsell

~

The correction factor is the anti~loszrithym of nalfl the opticel denzity.
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TWC gratines monochranators alicr fhe cholce of the excitatlion

e T s e . . . F S s Fal R R B2y i et A
2ri Dludrescence wave lengtn. A series of clits deline the pand wilin
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nt. A correction far absorption of the incident beam before reaching
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set in the form of @ matrix which is used for direct enumeratio ﬁ of the
rumber of fluoresc nt specles In solution, according to the me thod of vebert, :

he construction of the true action and flucrescence ;ovctLa require
a series of corrections which have been cerefully studled by Parker for
the case of unoolarized flLOTCuCGWCtZ As we were prirarily interesced:
in the relative values for the free ¢nid bound dye, there wes 1o need for
a calibration of the wave length depcendence of the nunber of quante

reacninz the cell. An approximate curve can be obtained by ratching

the apparent action spectrum with thz zbsorption spectrun Jor a dye

kngun Tor the constancy of its cquantun yield as a function of the excltation
frequency3.
The true flucrescence spectrum is axpressed as the nuwoer /v
of the guanta @ emitted at a frequency v witn a band width Bv. It is
deduced Irom the output Av of the protosultiplier througn fhe relation:

[ 2 - JRURp S I S « R
wnere Ly 1s the transmittivity of the ontical system a2t & frequerncy v
PRI > N P QK L Ay
ard Pv the sensitivity of the photom:
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nonoenrenator By is con
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Cihz pensitivity curve supplied by the mundlaciurer.
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components of fluorescent light, Hy, o, &, and O,
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The observation of dilute solutions of free dye in a ncn viscous

solvent reveal a large dependerce of the transmittivity of the gratings

according to the polarization of the licht. The ratic of these transmittivities

(Lv) /(Lv)y, is experimentally cetermined from the carpariscn of

-~

actuel values with the thecrebtical equalify : Hy = Vi = H,. In the

Tciiowing u11¢ mean the value ¢ £ for the moncenrcrator

the excitation wave length, t5 tie value for the moncenronat ar
selecting the emission wave lengta. ty and ¢ are slizghtly cdependent on
the wave length, so that the assusnption that Lv is a constant does not

[N I S Py S R -3 - - o Ay
nold any mere. More compli cate¢ correccion formulas are necded

the true [luorescence snectrum &

derivetion is given in an appendiic,
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* tudy cf the Free Dyes

Purification: From a solution of proflavine “yor'*c':uofri ‘e

o s . N ) |
(X ard K Laboratories) in a l:1 water-cthanol mixture, the i iree
case was repreclpitated vm 0.1 4 ral:l. The orecipitate was

Tiltrated, washed and dried ard

e molecular -

with 0.02 N 4Cl and agrees with predicted value witrin
ol RN 2 E : R I SR [P, [ q AR A e s merm At
2%, Stoclk solutions of the lornic Torm are prepared by addiny the exact

wantity of HCL to a given welgnt of nro; lzvineg and zdédaition

e Y s " '
T puifer to a known volune.

P TR )

2 solution of 1ts zinc double

K 3 L - < vy A Raaal s
in chloroforn ard passed © clun. 4 dark bard
Ty T A e e 23 e - - Lanitag T e =
itpuritiss renzains fixed nloroform. Ths clocts
K ot AT oy 3 3 R das

iy rapicdly evaporated and the row i3 recrysta

in solution in the monor: tlor

PR S S I o NEal
Deviatiin oL
T g - o Yo fdm PR i en e oy SdaT o
Jorsation of dimers and higher oovrsermios in water sclutlions
ey edm . - I EIP I 4 P PO R S T g oa e T
seen extensively studied in the o derivatives, mostly
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coservations can be of interest for the theory of absorpiion in dimer

T T ] s dad L] v - s WS ve = yatel i A A N
rolarization of fluorescence: The wave length dependence of p as

a rfunctien of wave length in a very viscous solvent allows the recogrition

ent electronic transiticns. In the absence of rotationzl
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Change of Plucreseence of Proflavine Sclution as a Function o
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/LU Lhe shectra obtainad in thwe

Ahsorption spectra: The results ziven in Fig. 4 were obtained on

very dilute solutlons (2 107 6 My of dye in 1073 i acetate puffer, pd 5.5,

’ 3 ‘~‘l 1 o~ ) L - -~ Ty a e - A 29
Under these conditions the ratic of phosnnate groaps to vowd dye

Fad . . Ry

therefore dealing with the "second tyoe" of binding for wnich
tne intercalation model has been nroposed. The spectra present & well-

- N

efined isobestic point. For values of P:D higher than 20 no morec

L",

crange of absorption occurs and the quasl totality of the dve iz bound.
" e _;- o o . 2 ‘ IR
e 1imiting spectrum with a red smilft of 100 to 150 A in the visible

region i1s similer to those alre:

%3 diff'crence spectra with DA ¢

K
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O
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ceurate,due to the cosorptlon by the polyner itseil.
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wave lenztn transition. The wrodlnw

cre GirTicult to evaluate precicoty.
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meisculia.
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Tluorescence spectra: The [luorescence spectra reveal,

the case of proflavine (Fig. 5),a shift of ¢ h Ehenvis!

.

markedly

"

of the fluorescence band of the tound dye towards shorter wave
lenzth, and a narrowing of the bard. This blue shift must be related

to the red shirt observed in the abscrption spectrumn, which shows a

(x

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

envirommental effect perturbinz the gap belween the ground and the
first excited state, the former should be in the same directicn, i.e.
towards red. Shifts of oppositc direction in absorption and flucrescence

pectra, which bring The maxima closer, strongly suzzest an

2]

alterstion of the vibrational pzttern; with a higher probalility ol

M o e = b 5 4 P Mt e AT T
population of the low vibrationzl levels, with the subseguent chilis
ard
iy
[ 9
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nOLcCule:
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the oroperties of the dyve cound ¢

Ly T =Ty A P N
& end 7 show that the quantun
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crej o) the relative quantun yicid at low 21D retic is zero; ¢) ohe
piaaAy el T = 3 . . - o r S - 3 o PN P4 Es ~ T .
veriction of the rel /e quantwn vleld as a functlon of leg D iz
[ P T P 3 - Q ; Ay v =z oo -3 oo .
2izmoidal in shzpe; &) the quantim yield is a functicn of the wave
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as evidence for energy transfer both Ifrom dye to dye and fram the
. |

purines and pyrimidines to the dye.
1

Fueitation 1a the visible rezion and dye to dye transier: The shepe

—

-

ol the variation of the relatlve ouantum yileld as a function of log P:D

(the actual ratio in the complex) it very similar to that given by

concentration quenching in solutionz of free dyes. The value of P:D
corresponding to nalf quenching in the complex is for beth dyes
approximately 20, which correspords to an average separation of 34 A
between the two birnding sites alcnz the DNA structure. Tais value is
very similar to the hall quenchinz values obtained for concentratilo
Quenchinglg. It 1s not possible to relate this value to the distance
of nall prooability of energy transler in the absence of Infcrmation
on the rechanism of quenching and cil the districution of dye to
SCne necessary numoer of

¢ye distances in the complex. Assurning

g

iumps™, N, of the excltation ener:y in order to reduce to hall

dyve o dye distance with adjustabﬁe width, AR, and a

macnanism of energy transfer with « value R, for the distance at

ce T P . - PR > ~ e 3 + R ] - i
ien the probability of transier 13 eguzl to 1/2, it is possible to
T B LA ok Y -~ - ~ I=3 < B e S >
comziruct a curve which £its the oporimental results. Since it contnins
e TR e i P > 3 S T . R
Coose adjustable parameters, N, 41, aud X5, it does not shed much 1ish

on the physical mechenisms involved. 17, however, different dyes with

joN
(D
e}
@]
i
5

ineely different values of Ry detornined fram concentration ¢

R Dy . - - oy~ A Y Y 3 . -~
¢l the frec aye could be used, such a mabthematical model would be of

ative positior
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to wme re;ular.reﬁatiOn in orientation vetween dye molecules Inter-
. ' |
calated according to the Lerman mcdel. It must be remembered that the

. }
anzle between transition moments lying at a distance n times 3.4 2

w

would be 2wn/10 1n tnls model so that the average facter cos2 2wn/10:
(3.L+n)6 which governo the provability of transfer in Forster
Th J19 will not be larger than in the absence of some relation
betzen distancz and orilentation. '

An explanation alternative to energy transfer might bve found in
a redistributibn of the dye molecules alony the polymer between sites

of different qucqbnlng DOWEr as a lunction of loading. However, the

uics of the measurements of the polarizztion of fluorescence

o

vpyvide a satisfactory proofl oF the proposed encrgy transier mechanisni

Ty T s 1 P - £ o~ e Eal Ed 4t
nd Tavle 2 give the rciulis o nmeasurements of polarization

[
03

[ee}
)

Jor excitation of the complex in frhe vislble rezion. The polarization,

T gy e S 4 m
TSNSy relzte

2

to the angle between thez absorption and emission transition

£

mament, decreases with transfer of enerzy Ifrom one molecule to the other
50 that a parallel change in polarization ard quantum yleld provides
zoed nrool of the validity of the mechanisn.

TABLE 2

Ao

Polarizaticn of Fluorescence of tha Dye-DiA Complex.

Aeridine 2:D S 10 25 60 100

Zrollzvine »:D 20 iy 26
SR ) L2U .30 .33

e = 4, - . % Ik et S N L ~ E — p

I the case of concentration cdupolarizaticn of pure dyes, the
N B R Y P B S N e Y. TV oy e a4 “
wolarization dross to zero with the «uaniunr yileld. The fact that in
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several dye moleches so that the angle between absorption and

_P:D ratio, energy is indeed likely to be transferred through

emissi tran51tloq dipoles w1ll be 2m/10 with an equal
procablility of energy transfer for each value of n. The calculation

of the average sguare cosine gives

1
cos® a =10 I_ _ . <¢o03? 2m/10 = 0.49

.135 which can be consared with the experimental

‘

leading to p
value .175. Intrcduction of a variadle DrOOabllltJ of enerzgy transfer
as a function of n would increase the calculated polarization.

A last experiment was performed ©o confirm directly the
possibility of energy transfer froa dye to dye. Taking advantage
. of the relative positions of the abscrpticn and fluorescence bands
of bound proflavine and acridine orange an experiment of sensitized
flucrescence has been realized with a complex of DNA and proflavine
(P:D = 20) to which a small proportion of acridine orange has been
added (P:D = 100). By variation of the excitation wave lergth from
4005 & wnere the absorption of.ac ~idine orange.is small in’
ccanariscn to proflavine absorption, to 4500 ﬁ, where the situation

is reversed, ard by camparison of the intensities of flucrescence

O

&

T this mixed complex with that of a pure proflavine complex, the
phancouenon of sensitized Cluorescence is clearly demonstrated.

The difference spectrum (colunn 3) has its maximum near 5400 )

ynich corresponds to the emission maxim A of acridine orange. In
the absence of the sensitlized flucrescence cf acridine oranze one
mignt expect the excess emnlssion of the mlxed complex, excited at
different wave len zth, to vary as the absorptiqn of the acridine

orense, i.e. the excess emission (column 3) at 4000 % should be

AN
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TAELE 3

i ‘
Sensitized Flu@rescence of Acridine Orange by Proflavine i$

* !
the Proflavine-Acridine Orange-DNA Complex.

Wave lenzth Wave length of emission”
of' excitation '

5200 £ 5400 R 5600 & 5800 &
1 2 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 & 21 k9 22 21 48 27 11 24 13 A5 11.57
4900 & 8 37 29 7 k7 40 3.6 24 214 1.6 134 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 it is at 4900 X. This is clearly not

the case, tnus demonstrating the transfer from proflavine to acridine
orange. Aadltlonal proof is given by the varlation of the polarizatlon
of fluorescence emitted at 5300 R with exciting wave length :
p (4200) = .175 and p (4900) = .28. For these wave lenzths
about 80% of the fluorescence is from acridine orange. The polarization
of a simple proflavine-DNA camplex (P:D ca. 20) is .24.

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

possible to attribute the change of quantum yileld updn excitation in

the U.V. to sensitized fluwescence, involving transfer of excitation

e,

from the purines and pyrimidines to the dye. Suen an hypotheéis

nas already been advanced by Lerman to explain relative uncorrected

action spectra of quinzerine and quinacrine-DNA complexes.
Polarization measurements at very high P:D values are

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

ntermediate P:D ratios reported in Fig. 4 indicate a smaller value

}J-

than in the visible. Quantitative deductions are however difficult

ccause dye to dye transfer is still effective and transfer of

o

excitation through the long wave length perpendicularly polarized
transition of the dye is likely to be important. It must, however, be
pointed ocut that the same considerations used to explain the

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

visiole excitation should hold for the angle between the absorption
transition dipole of the bases and tﬁe emission transition dipole of

the dye with medifications due to slightly different geometry of base
and dye pairs and the different nossible orientations of the transitions

in the dye. The net result should be a positive polarization; this
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provides an exnlanatlon of the inversion of polarlzatlon of the 2600 )|
absorption band{of quinacrine bound to DNA which appears in'the curves
published by Lerman Table 4 gives some data obtained with pnoflavine
and "acridine oranoe complexes in the U.V. region.

More careful studies of the polarization‘and of the efficiency 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 functiOn of the optical properties of individual bases
and dyes and to gain efentgal information on preferential intercalation
between given base pairs. It will sirultaneously help to solve the
§roblem of efficiency of base to base transfer to which a first approach
can be made on the basis of the preceding results.

The ra@io of quantun yield in the U.V. to quantum yield in the visible
has been plotted in Fig. 9 as a function of P:D for the case of
acridine orange. The higher values cctained (approximately 5) in
canparison with proflavine (approxirmately 3, see Fig. 6) are likely
to be due to the better overlap of the {fluorescence spectrum of the bases
with the absorption spectrﬁm of the dye. For the lowest experimental
value of P:D = § the ratio of sensitization is 2. Teking into account
the respective coefficients of absorption of DNA and the bourd
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 2.4. If the "free path length' of excitation energy/was infinite,
which means a totally efficient transfer with no loss of energy,
the ratio of sensitization should then increase indefinitely with the ratio
'Rﬁ.ﬁweHEMmamsmmsUntinimttMSrmnohmmm%SOMy

slightly to level off for values of P:D of the order of mzgnitude of 40.
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TABLE 4 K
Polarization.of Fluorescence of the Canplexes in the U.V. Region

4 .
(Emission between 5230 and 5500 R) f

Excitation 2600 2700 2800 .2900 3000 3100 3200 3400 3600
wave length ' : _ :

A4.0.-DNA
PD =25 J75  .160 .150  .130
P:D = 50 .20 7. .16 10 .05 .13
~ Pro-DNA
CPD =300 .15 a8 a7 .17
= 60 .9 .7 .19 .18 .18 07 11 .27

; ?:D
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Tnis provides a value for the path length of excitatlon from base to base

equal to ten or tweﬁty base pairs, after which the excitation en;rgy'has
been released into vibrational quanta. This result is to be expeLted from'
the heterogeneity of the base péirs, arnd could account for the absence of
flucrescence of DNA as such. It gives an experimental basis to theoretical
discussions of the concept of exciton migration in the DNA molecule.

Similar 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 inveétigate the geametrical requirements
qu energy transfer ard the possibility of longer path length of

exq%tauion (or exciton) migration.

tuantum i;eld of the 1solated bound d/e. So far we have neglected

thﬁ large aifference in the change of quantum yield occuring upen binding
oﬁgthe dye to a large excess of polymer for acridine orange and
prgflavine. The simple effect of viscosity should be an increase actually
ob%§rved in the case of acridine oranze, while in the case of proflavine

. birding resuits in quenching. Slight changes of absorption spectrum in
thgépresence of large quantities of purine nucleotides have been reported!
agé we have measured the change in fluarescence of the dyes under the

fq%lowing circumstances: a) When bound to excess of polyadenylic acid,
py 82

both in the helix and in the coil configuration; b) in presence of

:% These preliminary results would lcad to the notlon that the binding
conétant can te influenced by the nature of the base and the difference
between the two dyes may be due to different coupling with different
bvases. 1ne enhanéement of fluarescence of acridine orange by AMP should be compar
with the proposed formation of a complex on the bagis of phésphorescence

I“E&~UI'€.T€'"1~;S2O



Nucleotide

polyA coil

PolyA helix

AVP

or

Variation QgAthe

t

R

e

TABLE 5

Intensity'of Fluorescencé‘of the Dyes in the Presence

~of Excess of Mono and Polynucleotidés.

oM
3
-

P:D

200

200

104

104
104

Acridine orange

Proflavine
4 change  polarization % change polarization
+ 100 .28 0 .16
+ 100 .23 0 .25
+ 66 o -15 0
0 0 25 0
0 0 0. 0
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SYNOPSIS |

Dye-macromolecuie complexes provide good models for the study
of the effects 6? coupling between chromophores. In addition to mcdifi-
cations of the visible and U.V: absorption spectra of the dyes at |
small interchromophore distances, very efficient‘energy transfer has
been demonstrated at loﬁger distances. The probability of non=-
radiative transition increases with the number of excitation transfers-
so that an array of oscillatars close to one another becames non-

- fluorescent.

The Insertion of a dye molecule, acting as a trap.for the
excitation energy, in the highly érdered system of -chromophores
constituted by the purine anivpyrimidine bases of native DNA has
given results supporting the intercalation model of ILerman and
providing an experimental approach to the problem of the path
1ength‘of energy migration in the DNA molecule. The average excitation
path length seems to be of the crder of only ten base pairs, a

result which can explain the lack of fluarescence of the DNA.



-23-

APPENDIX

Calculationigg.the'correction factors due to the variation in

transmission througz h the monochromators with the polarizatlion of

The transmission of the horizontally polarized cqnponent does not
vary in the narrow range of an absorption or of a fludrescence bard.,
The unpolarized light produced by the source would ‘normally gilve
four fluorescent components related by the relations:

Vph=H,=H,; Vy=H (1+p)/(l-p).
Due to the.instrumental factors t] and t, the instrument gives:

By = Hos Vi =ty Hys 1y =ty Hy and V) = 638 (1 +p)/( - p)

The correct intensity of fluorescence in unpolarized incident light is:

I ! o 1
= I Y
(1 -p) [+t +tp+titp I =p ] (1)

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

polériZation‘of fluarescence.
' T

- vy %2 By (2)
Vit to Hy
If starting {ran a solutién of-free dye at a‘given concen@;ation;f
enitting an intensity ll,vthe addition of the polymer to a given
ratio lets a fraction q of the molecules remain unbournd, with an -
| unpolarized [luorescence, ard binds a fraction (1 - q) of the molecules
which now give rise to a polarized emissicn, the polarization of
flucrescence of thevbound dye p; can be calculatéd from the actual.
values of the intensities of flucrescence of the two solutions,
I' and Ié, thé value of g, and the corrected polarization of fluorescence p

of the solution containing the polymer. If the subscrlpt 1 stands for

the bound dye the four components of the emission are:






2lim

V= £1t2 Hno 4 * 185 Hul (1 +py)/QQ =py)
Hy = t1 (Hyo @ + Hy)
Vi o+t (B, a+ Hyp )
HY = Hp q + Hy .
Hyy (2 pp/1 = Py)

The polarization p = .
2 H, +Hy (2 p/1 -p)

' y-2p : l+p; 12p
(I'-I'q)———-——-l- (1 +¢ty +t, + 8 l)l L
o 1 2 1v2
2I q Q+e)™ (L +tp)™ + (I' =L @) —— (14t +tp+ t3tp —) 7 =
4 (1 - py) : . 1-pp 1
In most cases, a negligible error is introduced by the replacement
- - . l+pl .
of IJ q [(1 + t1) (1 + t5)] 1 by I o (L + 6 + 5 + tlt2.i—-—-—-) (1 -p)1*
. -p

Py is then the root of the equation

(4) 2p] ('~ -p [2p (I' + I3 ) + 4 (T =Tyl +hp I' = 0
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Fig. l

<= = = Fluorescence sp_gg:tlfum, ¢ x 10

Fig. 2.

. Fig. 3.

Fig. 4.

Fig. 5.
Fig. 6.

Fig. 7.

-
. FIGWRE LEGENDS

Optical prOpertles of proflavin® in 10‘:L M acetate buffer s pH 5.5.

—__ Absorption spectrum, 5 1076, . Absorption spectrum, 10-3

6; . Polarization of

fluoreséence .

bp’cical prOpgrties of acridine orange monocation in 101 M

acetate buffer, pH 5.5. _____ Absorption spectrum, 5 x 10"’6;

—— Absorption spectrum, 5 x 10’4 ----- Fluorescernce,

2 x 10‘5; ______Polarization of fluorescence.

Titration of proflavine and acridine orange cations with polyphosphates.

Top: Proflavine, 2 x 107 M, ____ Pure dye; = = = = P:D = 0.25;

. _PD= 0.75; +eu. P:D = 1.25; ______ P:D between 5 and 50.

Bottom: Acridine orange, 2 x lO'SM.,_____ Pure.dye; - = ==P:D=1;
eees PID =25 . _ P:D between 5 and 50.

Changes in absorption by fixation on DNA. _

‘I‘op:. Proflavine.total concentration, 2 x 1070 M in 1073 M acetate buffér.
__ _Freedye; ___ PiD=U; - =~ ~P:D> 20.

Botto;ﬁ: Acridine orange total concentration, 2 x 10~ M in 10-3 i
acetate buffer. __ Free dye; - - - - P:D > 20.

p = polarization of fluorescence of the camplex with P:D = 50.

Shift of the absorption and fluorescence spectra of the free and
bound dye (P:D = 100). (Re}ative values obtained by fitting the
maximm valu-;s arbitrarily to 1). ___ Free dye; - - - = bound dye.
Relative quantum yield of ‘bound profiavine as a function of P:D.
Open circles, excitation in the visible; closed circles, excitation

at 2600 K.

'Relative quantum yleld of bound acridine orange as a function of P:D.

Closed circles, excitation in the visible; open circles, excitation

1

at 2600 &.
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Fig. 8. Change of the polarizaﬁion of"fluorescence of the complex

- excited in the visible with the loading of the DNA.

Fig. 9. Change of i;he sensitization ratio (ratio of quantum yield far
excitation at 2600 & and in the visible with the loading of

the DNA.
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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,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used 1n 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.



