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R | ABSTRACT
'Méﬁorvchémiéﬁi-affects 6f r—rayslﬁn simple peptideé in.thé polyéfystal;
lline'sfaté;:iﬁ the glégsy state and in'conceptrated aquéou$ solutions lead to
.degfadation of‘the péptide chain. Several different reactidﬁ modes are in-
volvéd'and theée all yield amide~like products that readily.hydrolyze.to giﬁe
ammonia. Major concomitant products include fatty acid, ketoacid and aldehyde.
Studies Of_N;acetylalanine glass containing‘added electron scavengeré provide

a measurement of the ionization yield, Gé; ~ 3; Conventional radical séavengers
havé relatively little effect on G(Nﬂé).: 3.5. However, certain aromatic com-

' pounds effectively quench a major fréction of the (amide) ammonis yield. The
évidence is that ketoacid aend aldehyde are formed from positive-ion intermediates

while fatty acid and amide are derived through reactions involving excited

~. (triplet) states.

tThis work was done under the auspices of the U. S. Atomic Energy Commission.
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I. INTR@DUCTION .

A major chemical éffect of y-rays on simple peptides such as the N-acylamino
acids under oxygen-free conditions,'bofh in the solid state and in concentrated
aqueous solution, leads to formation of labile amide-like compouﬁds which are
readily degraded on mild hydrolysis to yield‘ammonia as a characteristic prod-
uct. Several classes of nitrogen—defiéient products are formed concomitantly
with the ammonia. Earlier communicatiéns have discussed certain limited aspeétsq
of the radiolytic lability of simple péptides in the solid state and in concen-

btrated solutions (9,10,i8). The radiation chemistry of these systems is more
complex than that 'involvedbin thévradioiysié éf simple peﬁtides in dilute
oxygen-free aqueéus soiutiOn under'whiéh conditioﬁs main-chain degradation is

of minor importance (10). In this paper we report detailed experimental evidence
.and specific formulations for a number of degradation\modes that have been found

to be induced directly through ionization and excitation of peptides in the

polycrystalline state, in the glassy state, and in concentrated aqueous solution.

II. EXPERIMENTAL
A. Materials
‘The N-acetylamino acids were of reagent grade or of the highesﬁ purity
‘available commercially (Cyclo Chemicals, K and K Laboratories, Mann Resgarch
'Laboratorieé;.Nutritional Biochemicals) and were recrystallized at lease once
from distilled:water. Ppolyalanine (Yeda; M. W. 1700) was dialyzed aéainst
distilled water and lyophilized. Chlorécetic acid (Eastman) was redistilled

in vacuo. Other chemicals were of C.P.‘grade. Water from a Barnstead still
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;7ﬂwas redlstllled flrst from alkaline permanganate and then from phosphoric ac1d.ff»

o The pH adaustments were made w1th NaOH or H SOM

'frl;‘"Sample Preparation and Irradiation

.

To obtain acetylalanine glass, the polycrystalline free acid was dis-
"asolved to ~2M in redistilled water and the.solution was adjusted to pH 6.5

-~ with NaOH. Tenrml allquots were transferred to flat bottomed cyllndrlcal

- 1rrad1at10n cells (2.5 cm. dlam.) and water was slowly removed on the vacuum-' v]df

+ line. - The solutions were kept at CP(Jdurlng the dehydratlon. Under these

o condltlons the water content gradually decreases over a perlod of 24 hours
';; until a clear glass of composition CH3CONHCH(CH )COONa. * 2H 0 is obtained. ..

" Additional four to six hours pumping dées:not change the water mole—fraction"f;}TJ s

~ appreciably. The samples were irradiated at °C. More dilute solutions were

". prepared in the ordinary way. The polycrystalline'N;acetylamino aeid:

u"y‘RCONHCH(R)COOH,and the polyalanine were degassed by evacuationvon the vacuum -

‘line for at least 24 hours prior to irradiation.

All samples were irradiated with 0060 Y rays at a dose-rate of 1.2 x 10

v “;eﬁ/gm/min as determined by the Fricke dosimeter [G(Fe+3) = 15'5:,6305 = 2180

“at 2M°C]. Energy deposition in the solids and concentrated solutions was takenjv

to be proportional to electron deneity-d” B

v

2. Analytical Methods

Gaseous products were pumped off following complete dissolution of the
irradiated solid in degassed water on the vacuum line; analysis was by mass

spectrometry (Consolidated 120) and by gas-chromatography (Aeroéraph A90-P3).

RN Y T
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For other analyses, the'ifradiated solids were dissolved in water under
nitrogen in a glove box.
Free ammonia and amidé ammonia were determined by a modification of the

.~ micro-diffusion method of Conway (6); the diffusates were assayed by means of

Nessler reagent. In the measurement of free ammonia, the samples were diluted -

three times with saturated KZCO3 solutlon-in the outer eompartment of the

“diffusion cell; recovery of ammonia in-the acid compartment’(o.lg HZSQ&);isv
‘complete in three hours. For total ammonia (free plus:amide) the sample was

- made 2N iﬂ NaOH; hydrolysis and transfer is complete in 24 hours. The neces-
sary blank and standard runs were'made‘in parallel.

The fatty acids were separated through lyophilizationref the sample
solution after acidification to 2N w1th H S ), . Assay was by vapor-phase
chromatography (Aerograph, 6OOC) The polyalanlne was dlssolved in 2N H SOLL

'(under N ) and hydrolyzed 18 hours prlor to lyophilization.

Carbonyl products were identified by paper chromatography of the 2,4-
dinltroPhenylhydrazones (20). The irradlated N#acetylalanlne showed only
pyruvic acid and acetaldehyde. These_were determined quantitatively by the

- method of Johnson and Scholes (13)~ with minor mbdifications. .Chloride ion
was determined by the method of Luce et al. (15) after Hayon and Allen (12).

A colorimetric method (8) was used to set a limit on the yield of lactlc

acid.

_ ITI. RESULTS AND DISCUSSION
The 100 ev yield for the radiolytic degradation of the peptide bond, as

measured in tefms of G(NH3) after mild hydrolysis, has been determined for a
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':Variéty.of aliphatic, aromatic and sulfur-coﬁﬁaining amino acids in the
‘N;écétyl form,  These data are summarized in Table I. In the case of the

i "aliphatic series, we note thaﬁ_the length of the side-chain has relafively .

'H. little effect‘on the vield of main-chain degradation. The effect of the

“ﬁ aiomatic’groups of écetyl phenylalaniﬁe and of aceﬁyl tyrosine is to quenéﬁ'_f.
f,iin part the yieldslof those reactions fhat lead to fofmation of amide ammonia.
'_: Ihé sulfur mqiety‘afnmﬁhiohine on the éﬁher hand appea?s to. be relatively in-
'_ueffécﬁive in.quenching such reactions: | |

‘As a preliminary step in this in@uiry into the nature.of the radiolytic'“’

)  ¥'procéSse$>thdt lead to degradation of the peptide chain, we have completed a

;‘.detailed study of the reaction produéts formed in the r-rédiolysis of simple

~ peptide derivatives of alenine, viz _pbly~DL-alanine and acetyl-DL-alanine: .

-

?’poiycrystalline. These data are summarized in Table II. .We find that the
f ,maj§r organic products iﬁ the order‘bf;decreasing yiéld are

'  proéionic acid, acetaldehyde, pyrufié acid, andflacﬁic acid. The labiie,

',_ammonia fromvacetylalanine, G = 3.4, ié derived primarily from acetamide;

G = 2.8, plus a small amount of free ammonia, G = 0.6.

The presently available data on product yields from other NFacetylamind‘

“acids is less coﬁplete although the limited data of Table III are consistent

in showing for the aliphatic N-acetyl amino acids that the corresponding
fatty acid.represents the major nitrogén—defiéient product..

From these studies of the concomitant ofganicléroducts it is.cléar thét
the gbserved G(NH3) values represent"the combined yieldvof & number of dif-

ferent modes of degradation of the peptide chain. And, before proceeding to

detailed considerations of élementary processes, it is useful here to formulate
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Y

‘ . ?working'hypo£heSés as to the stoibhiométry'of_fhese reactions. First of all
HGwe’note ﬁhat the maximal ydé&lds of]bctic acid and df the carbonyl products,

acetaldehyde and pyruvic acid from acetylalanine are thained only after

hydrolysis of the irradiated solid. The present chemical réquirements are '»‘.uﬁ

met by the stoichiometric relationships

NH
it - : :
RCONHCHR, ———> RCOCHR,, : (1)
RCONHCHR,, ———> RCON=CR, + HZ(ZH) . : : (2)
RCONHCHR,, > RCON=CHB.+ RH : IR (3)

The radiation-induced fN,o' shift represented by Eq. (1) leads to formation of

- a labile imino ester which spgcies is readily hydrolyzed to yield ammonia and

- the hydroxyacid, lactic acid )
NH |
" :
RCOCHR,, + H,0 ——> RCOOH + NH, + RCHOHR ()

The unsaturated products (dehydropeptides) of Egs. (2,3) are labile and readily

hydrolyze to yield amide plus pyruvic acid and acetaldehyde respectively (11)

RCON=CR,, + H,0 ~—-’-->RCONH2 + R,CO A _ (5)

RCON=CHR + H,0 _..'__>Rco1\m~2 + RCHO (6)
Acetyl q-aminobutyric acid yields aketobutyric acid and propionaldehyde in
accord with the above formulation.

The formation-of propionic acid as the principal organic product of the
radiolysis of acetylalanine implies that direct main-chain cleavage is involved

as the major decomposition mode. We tentatively define the stoichiometry of

this cleavage in terms of
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s RCORH 4 CHR, . (7)o
7" RCONH + RCONHCHR, —> RCONH, + RCONHCR, ~ -~ - . . =~ (8) ~
. G, + RCONCHR, —> OR R, + ROOWKR, ~ . (9)

3f1;;where the radlcals RCONHCR,, are long-llved and correspond to the radical:

2

':.spe01es observed at room temperature by ‘esr measurements (h) - On dlssolutlon

in water (oxygen—free) the o#carbon radicals RCONHCR undergo_dimerization
- to yield a,a'- dlamlnosuc01n1c acid derlvatlves (10). The formulation of
Eqs. (7,8,9) is intended only to convey the nature of the overall stoichio-

" metry. - Ionic and/or excited species are presumably involved as actual inter-'

~

"f mediates since caging effects 1n the solld phase would lead to preferentlal
. .fg4recomb1natlon of the radical pair of Eq. (7) It is this question of the

-,nature of the intermediates involved in the formation of amide and fatty acid ;ﬂ

'Agthat,we now consider,

The initial radiation-induced step we represented in terms of the ioniza~

tion

RCONHCHR, ——M—>(Rcomﬁcmié:)*"}i e (10)

K

>Simple charge recombination may be envisaged as leading to dissociation of the’

‘N-C bond

e” + (RCOMHCHR, )"

i a3

e e ey

> ROONH' + CHR,, - | (11)
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" - to give redicals with excess energy which would tend to faver. the abstraction
reactions §9) in competition with radical recombination. Alternatively, the

A

ion-molecule reaction

Fomm. - o
g —> RCOI\IHzCImz + RCONII(.,R2

(Rcomﬂcxmz)+ + RCONHCIHR (12)
- which is of the type observed in other polar organic syétems (16,21) may occur

prior to the neutralization
- N , ) |
e + RCONH,CHR, ~—+>.RCQNH2 + CHR, . = - (13)

The ‘other possibility of course is that the electron escapes the positive

~ charge and reacts at a distance e.g.

‘

e” + RCONHCHR, ——> RCOMA + CHR, | - (14)

We note that the radiation-induced step 10 followed 5y electron removal via
anyone of the'reactions(ll,l3,lhjleads to the sﬁoichiometry-ofvKs.(7w9).

It is of interest therefore to.copsidervat this point the effects of
added eiectrbn scavengers on the yield of main-chain rupture. Fortunafely,
for this purpose we have been able to pfepare N—acetylalaniné in the form of
a clear glassy solid at room tempepatu:e. The glass has the composition

3
' same as those obtained with the polycrystalline solid e.g. G(NH3)1? 3., .

. CH CONHCH(CH3)COONa ‘2H20,ﬂ and gives product yields that are essentially the

G(propionic) = 1.6, G(acetaldehyde) = 0.8 Chloracetate ion which has been



§
. B
]

“shown to be an effective electron scavenger

e  +RCL —>R+CLT T as)

©ooin other}pqLar:glassee_(3) is sdluble_(as the”eodinm'salt) in: acetylalanlne

jjfeEglaes whenrprepared as described in the experimental'part of this paper., We
"‘Efind that a(cy” ) increases with chloracetate concentratlon in the concentratlonﬁ'*e4m“'"
":'range 1 to 10 mole percent as shown in- Flg. 1 the re01procal-yleld plot of

" Fig. 2 gives a limiting value of G(Cl ) ~ 3 which value provides a measure of S

’ﬂithe yleld for 1on—pa1r productlon via reaction 10 in the present system. A£

e_the same time there is but a small effect of added chloracetate on G(NH ) even a

f;;under the condition in which a(cy) is maximal. The ev1dence is then that
zthe electfon-eapture'Teactions of type 11,13,14% do not represent major paths

 for cleavage of the N-C bond. ~ | |

There would appear to be tﬁo remaining possibilities;‘(e) the positive -

. ions formed in reaction (0)undergo fragmentation, for‘example

(RCONHCHR2)+,  —3 RCONH™ + CHR,,

RCONHCHR,, + (RCONHCHR2)+ — RCONH; + CHR + RCONHCR,, O (16a)

LA

and/or (b) neutral excited species are formed through a process‘other than -
that of charge' recombination and subsequently undergo unspe01f1ed chemlstry
to yield amide and propionic acid. To obtain_information on the possible -
importance of these reaction modes, we have taken advantage of the fact that.

the acetylalanine glass CH CONHCH(CH3)COON5,2HZO is miscible with water in-all

._3

e o eRLITOT

L S —

(ae)
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'proporinns;‘ If direct eﬁéfgy-absorptibn in the'peptidevvia reaction (10)
followed by the dissociation reaction (16) 1s of importance, we would expect
that the degradation yields would decrease with increasihg water éontent of

-

the system. .The poésibility that lonization in water
HZO —_— H20+ + e ) . , | | (17)

is followed by charge transfer e.g.'

'

N R Lo ' -
H,0' + RCONHCHR,——> RCONH' + CHR, . = .'- | (18)

’

or

Hé0+ + RCONHCHRZ —_— RCONH’; + CHR_ + OH . (18e)

would also be excluded at the highef water concentrations by virtue of the

fast competing reaction (14)

, > HO + O0H. o (19)

+
H Q + HZO ' | 3

. The effects of added water on G(NH3)'and G(propionic) from the SOdium’salt of
'acetylalanine are summarized in Fig. 3Q‘ The ammonia yield which as Wé have
:noted is derived from a number of reaction modes shows but a small decrease,

AG(NHs) ~ 1, as the acetylalanine concentration is decreased to 1M. And, even

more striking is the fact that the yield of the major organic product, propionic o

~acid, is essentially independent of acetylalanine concentration over the entire

range of Fig. 3. Our tentative conclusion is then that cleavage of the N-C



. glass, CH

v

’("bond to yield propionic a01d does not arise 1n the main from the pOSitive ion

J'fyfvchemistry of reactions (16 l6a,18 lSa)

On lowering the acetylalanine concentration from lM to O 1M, G(pr0p10nic)

';drops to. zero and G(NH ) decreases to O 5; the chemistry Gfthesedilute solu- f“v"f;

i‘ltionsas of a different nature as we have descrlbed elsewhere (10, 2)',

Now, we have already noted on the basis of the chloracetate data of
: i
;_3F1g. l, that electron capture via reactions (ll l3,lh) does not represent a

:'maJor path for cleavage of the N—C bond in the case. of the acetylalanlne

CONHCH(CHB)COORR~2H20. , Simllarly,'we find that the quantltative

3

scavenging of eaq-'by chloracetate ion'in 2M .acetylalanine .solution has

'"i‘relatively little effect on G(NH ) as shown by the data of Fig. k. And, we

"also observe from Fig. 4 that the preferential removal of OH radicals by ° - “f{

| ‘formate ion has essentially no effect on G(NHB)'from the 2M solution.

By a process of elimination, then, we come to a consideration of the

p0581b111ty that amide formatlon in these concentrated peptide solutions 1n-' :3:

B ,volves reactions of neutral ex01ted spe01es. Now, aromatic compounds are, of

.course, known to be effective scavengers of ex01ted states providing the
energy levels of the excited species are hlgher than those of the quencher (22)
vWe do find that certain aromatic solutes such as naphthalene sulfonic acid,
benzaldehyde and benzoic acid at millimolar concentrations are semarkahly

effective in quenching the formation of amide ammonia in M acetylalanine.v

Typical data for naphthalene sulfonic acid are shown in1Fig. 5. We also‘find _

that phenol and benzene sulfonic acid are essentially‘without effect even at

the higher concentrations. There is,of course, the possibility that the'quench-ﬂv'

~ing of G(NH3) by napththalene sulfonic acid, benzaldehyde and benzoic acid

T ST T T BT I
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involves simply the scavenging of an amide»precursar4via: radical—additién to .
the benzene riﬁg,for example

CH,CONH + §H b cH3

3 CONH@H._,_Q' e . 4 | - (20)
Howeﬁér;.if this weré the case both bhénol and‘beﬁzene sulfohic acid shoﬁld
also bé effective. In fact, rates for radical addition to phenol are even
'rfaster than those for addition to benzaldehyde and benzoic acid (1). We c#nv

. only conélude from the present observations in toto that (a) a major fraction
‘of.the N-C fragﬁentation in these concentrated solutiOns‘dbeélindeed arise
from reactions of excited species and that (b) such reactions can be effectivély
quenched through excitation transfer to solutes such as naphthalene sulfonic -
'i‘fécid benzaldehyde and benzoic acid. That benzene sulfonic acid and phenol are
ineffective quenchens in the present system is no? inconsistent with the fact
that the energy levels (singlet and triplet) of these two benzene qerivaﬁives
are somewhat higher than those of the'gffective éuenchers. ‘We note that the
singlet—state levels of éll of the aromatics studied here (5) are well below
the singlet-state level éf the peptide bond (19). Hence the fact that naphtha-
' lene sulfbnié acid quenches while phénOl does not wéuld.suggest we are dealing
with a tripiet-state of the peptide oohfiguration. The reciprocal-yield plot
of Fig. 5 gives G(NHé) = G(propionic)=zl.6 as.the excitation yield in 2M

- acetylalanine, -

Excitation of the peptide bond b& low-energy electrons via -

> RCONHCHKZ

e + RCONHCHR

. v ‘T )



:';would be consistent with the present experimental requlrements. A theoretlcal

“.}J;treatment of thls mode of exc1tat1on for the general case has been glven by

ﬂ;LPlatzman (17) e env1sage the chemistry of the -excited state both in con—

!

T}lcentrated-solutlon and in the solid systems to be of the form:"'"

.O‘V ] o o - 0 _ s
W | N
o, wepom,
L > H
0 , T o
R-CvN-CHRZ o T ReC=N -CHR

. b

R

*fjfrﬁherefRCOﬁCHRf& rearranges‘instantaneouSly to give the-loné-liVed radicai

'lfﬁ?}RCONHéR . Since the radical products of reactlon (22) are - formed at a dls- g ‘

.. grop from G(NH,

"ﬂf.tance, the effects of caglng w1ll be mlnlmal. The over-all energy requlrement S

NN

?jffor reactlon (22) is essentlally that requlred for dlssoc1atlon of the allphatlc '

1; N-C bond i.e. ~3 ev(7).
| If solid acetylalanine is irradlated at the temperature of llquld

;nitrogen, then the propionic ac1d is almost wholly quenched from G(proplonlc)29oo L
= 1.6 to G(proplonic) < 0.1. The ammonia yleld shows a-correspondlng '

T7°K

= 3.2 to G(NH ) = 1.3. We interpret this as eviQI

3)290°K 77 K~

. dence that an energy of activation is involved in reaction (22). The yields-f
-of carbonyl products, on the other'hand; are unchanged at the lower tempera-

~ture with Gearbonyl) oy = G(NH,) voy = 1.3 We suggest that the carbonyl - %

. products arise from positive ion precursors
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RCONHCHR --M—-> (Rcomncrm) + R + e v- O (23)

2

RCONHCHR DN (RCONHCR) FH+e (24)

. !

'v which spec1es undergo proton strlpplng to yield the dehydropeptlde derlvatlves

- referred to in Eqs. (2,3)

‘We conclude, then, from these studies of elementary processes in peptlde’

.hradiolys1s that (a)‘a number of’reacticn modeS~are of 1mportance in the radio-
lytic degradation of the peptide chain; (b) charge recombination doés not.
‘appear to be involved as a step in any‘of,the major reaction sequences thet

: lead to main-chain degradation, (c) the electron'escapes.the positive ion and

. can be chemically trapped by appropriate electron scavengers, (d) positive-ion

'1‘chemistry leads to the formation of caibohyl products, (e) neutral excited
species appear to be major intermediates in the radiation-induced cleavage_of:
" the N-C bcnd to yield amide and fatty acid. Although, this is not the place
to speculate on the radlatlonrblologlcal implications of particulars

(a) to (e), we would, nevertheless, p01nt our that findlng (e) suggests

 that excitation scavengers as well as radical scavengers can be of 1mportence

in mitigating the biological effects of ionizing radiations.



r
CQNHCH(R)COOH.
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-T“N-acefyl Defivati#ea

}  alanine 
“fi;o&aminobut&ficiagidv"
Jleuciné ’ |

.”glutamic acid |
7:phenylalan1ne .'
‘ 7;ftyros1ne'

1}-methlonine ‘

= -CH CH(CH )

" -CH.CH COOH

":v'CHz(C6H5') o

7. ~CH,(CgH, OH)

. ~CH,CH,SCH

S 3.k

-CH, CH

s BT

272

3 K

b After hydrolysis.

a N¥acetyl-DL-am1no acids were used w1th the exceptlon of
‘ N-acetyl—L-glutamlc acid.. : R
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utTable II. Product ylelds in the Y—radioly31s of N¥acetyl-DL-

-’ .alanine -and poly—DL-alanlne.

'~ Product N-acetylalanine Polyalanine

"ammonia (total) 3:4 3.6

' amide 2.8 3.1
free‘ 0;6 0.5
propionic acid 1.4 ‘1.8

 pyruvic acid' .0,4_ ~1
acetaldehyde‘ (0.8 ~th
lactic acid 50.‘2 -
‘acrylic acid trace . -
_hydrogen | 0.40 0.45
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fTable III.A Ammonia and fatty ac1d ylelds in the y-radloly31s"'
ot aliphatlc N—acetylamlno a01d. ' . o

D B ‘ ' ¢ )
" N-acetylderivative o (NH3) _ (RCHZCOOH)

 glycins - a6 0 La
-"alaﬁine o Lo ' ; -3,3-' S 1.5

. oeaminobutyric . .+ 2.7 .. - 1.9
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BEGENDS FOR FIGURES

ﬁ;_Fﬁg. l. Ammonia (O) and ¢hloride-ion (0) yields as a function of chloracetate S

concentratlon in acetylalanlne glass, RCONHCH(R)COONa ZHZO. ' : ';}?fy““ :

' f Fig. 2. Reciprocal chloride-ion as & function of (acetylalanlne)/(chloracetate)f”
concentration ratio in the systems IRCOI\IHCH(R)COONa-21{20,(0); RCONHCH (R )COONa.
81,0, (0). |

: ?,J,,Fig;‘3. Effect of increasing water content on ammonia (0) and propiohié acid

'g,f;43;fisiﬂ>(o) yields from acetylalanine in the system RCONHCH(R)COONa°nH20. Values =~ "0
B -at n=o are for polycrystalline acetylalanine, RCOWHCH(R)COOH. N
‘1"Fig. 4. Ammonia (0) and chloride-ion (0) yields as a function of chloracetate  a'”

~ concentration in 2M acetylalanine, pH/. The points ([]) represent ammoniafgcw 

&1elds in the presence of 0.5M and 1.OM formateionl%;q + chloracetate,

: - o - . -1 L1
vk = l.2x10%ﬂ Lsec l,ve aq + acetylamine(pH7), k = 1.1x10M “sec l; OH +
_ - ) . e -
~ formate, k = lO9 l l; OH + acetylalanine (pH7), k = 2.5x108M sec™t

' ff'Fig. 5. Effect of naphthalene sulfonic acid on ammonia yields from 2M

acetylalanine, pH7. -
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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 1in 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.








