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Rodney L. S. Willix and'Warrén M. Garrison, Chemistry of the Hydrated Elec-
tron in Oxygen-Free Solutions of Amino Acids, Peptides, and Related Compounds:

Radiation Res. _ pp. ,
ABSTRACT
In extending previous studies on thé'radiétion-induced deamination of

the simpler 0-amino acids in oxygen-free solution it has been found that feduc—

~tive deamination by the hydrated electron, e;q,bis not confined to the free

amino-acid configuration. The dipeptideé, tripeptides, and other derivatives

- of glycine for example are found to react with e;é (essentially quantitatively)

to cleave - the N-C bond of the pfiméry amino group. Radiolysis studies of
variously substituted aminp compounds in solutions containing second solutes
which are specific scavengers of H,OH”in the one ca;e an@ of e;q in the other
indicates that reductive deamination by e;q requires an' unsaturated function
at the carbon positioh Q to the amino grbup. It is suggested that e;q adds to
this function and that N-C cleavage tﬁen ensues. .Observea correlafiohs between
rates of reaction.of e;q and pK df the aminovgroup are in accord with fhis.fdg-
mulation. Velocity constgnts for reaction of e;q withvamino acids and deriv-
atives in both acidic énd neutral solution were obtained by the method of

competition kinetics.

Hydrated electron, amino acids, reductive deamination, reaction rates
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'INTRODUCTION
Recent work (1,2) has shown that the hydrated electron,:e;q,'which
is formed in the radiation-induced decompositiohkqf water (2-5) "
) ”' ) I. ‘ ) - + g :
H0 NS 0, Hy O Hye, JHD . (1)
reacts with both the zwitterion and cation forms of the simplest G-amino acids, -
glycine,aﬁd'alanine,'via'the-feductive deamination reaction:
+

e+ NH
aq 4

3CHR2 —> NH3-+kCHR2 o . (2a) o

and to a lesser extent through.the'conVersién'reaction

g * NH3chz > H + NH,CHR, o | (2v)

In acidic solution, reactions 2a,!2b...:} occur in competition with

AR o > H + H204 (3)

The radicals OH and H react with both glycine and alanine through hydrogen
abstraction ‘at the a-carbon position

M | efter
QH + NH3CHR2 > H,0 +‘NH3CR2 o (&)
o+ NECHR, ——> I + NE'CR. | ~ (5)
3 z ¥ NH3CRy S
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which reactions are followed by the oxidative deamination steps3 (1,2,6)

+ . . ] . + ' . . .
NHBCRZ' + CHR, > NHZ;CRZ + CH,R, A (6).
+ ot + T
2 NH.CR, > NH,=CR, +'NH3CHRZ . (7).
' 0 + NH =C > NH, + R,CO T (8)
Hp0 + NHy=CRy R |

By introddcing second solutes which are specific scavengers for‘OH énd H in
thé one case and for é;q in tﬁe other; it has been possiblé to separately
evaluate the_oxidative énd'reduétive modes of deamination of the simpler &--
amino acids (2).

We report here an extension of this éarlier work to include‘othér
more complex biochemical éubstances containing primary and secondary aminq
functions. Effects.of pH and\of'chemiéal composition on the various modes
of reaction Qf e;q are déscfibed; Veiocity constants for reaction bf e;q
with these organo-nitrogen éompounds are derived from measurements of cbape-

tition kinetics in two-solute systems.

-

EXPERIMENTAL
The organo-nitrogen compqunds,(Nutritional Biochemicals) with the
exception of N-ethylacetamide (Eastman) were recrystallized from distilled

wvater a minimum of two times. The N-ethyl acetamide was redistilled in

vacuo as was the chloracetic acid (Eastman). Water from a Barnstead still,
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redistilled Tirst from'alkalinevpermangahafe‘and then from'sulfuric acid‘Was.

'used_in:the'preparation of the soldfions ' All other chemlcals were of reagent o

grade.. The. pH ad3u°tm°nts were made w1th sulfurlc ac1d or sodlum hydrox1de. '37:
‘The pyrex i radlatlon cells contalnlng 10 ml of solutlon were dega sedvlv” :fg _l
dn the vacuum line sealed off and 1rrad1a+ed w1th 0069 r~rays at avdose ratev }'
:of‘l.6 X 10;8 eV/gm/min as determlned w1th the Frlcke dos1meter . ft
. o L
[G(Fe+++) =15.5, €505 = 2180 at 21° c] Dosage did not exceed 1.5 % 10 19 ev/gm;'j5? -
dose yleld relatlonshlps were llnear over thls range - N
, The Conway diffusion method7 was used to separale ammonla from the
irradiated solutions. lefusates were assayed by means of Nessler reagent.
Chloride ion was determined by the method of Ldee_ef al;ﬂ(Bjtaffer,Hayonaaﬁd‘
' Allép:(9);;”The apprOpriate-blank_and_cOntrol'rdns we?e-made. lAmmOnia and{v
.chloride measufemen{s'were'regroducible'fkoithin ~5%. {‘
" RESULTS AND DISCUSSION
Reaethn Rates
Rate consfants for reaction.of e;q with the substances listed in -
Table I were derlved from an analy51svof competltlve klnetlcs 1nvolv1ng the. .
-organo nltrogen comoound at 8 flxed concentratlon, O 05 M, "l-n _ | o B '_ij
‘ .
e;q + RSN — brbduct'e ' 'z~_ ' ‘. .'.(9) ». %
v

and a second solute, chloracetic acid, in increasing concentration over the

range ~5 x lO-h‘M'to ~5 X 10'25g. The latter reacts with e;qiaccbrding to

the stoichiometry (9,12)
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.vg;q + RC1 > R+ Cl~ o .‘ : (10)
to givé chloride iQh wnich prodﬁct isAfol;owed analytically. Nb a;sumptiqns
regarding the ﬁature of reaction 9 are in#olved in the‘rate stgdies. |

vA All the compounds studied{ﬁave pK values such thaf at‘pHv7 eéch solut§
‘exists almost exclu51vely as a 51ngle spec1es, i.e., the zwitterion form of
the Q-amino acids, B-amlno‘a01ds and dlpeptldes, the catlon form of the s1mple
émines, and the anion forms of fhe acetylamino acids and the chlorqacetlc acid.
For simplicity we distinguish these ppoton-deficignf speqiés in terms of ﬁgﬁ

and RCL as defined by the equilibria

(RyM) (K )/ (RgN) = KR3N
(ReT) (1) (ReL) = Keoy

The reactions in neutral solution then are written '

RN + e > products . ' €

N+ e P L (9)

RCL + e >R+l , | -~ (10)
. aq : . . :

pa.

y
Vo~

to distinguish from the corresponding reaction of the acid formsAgiven by

Egs. 9 i and 10 For simple competition in these two solute éystems at pH 7

- we may derive the expression

l

— = . - (11)
6(c1™) " G- Ge-_ K iR -
aq - "ag-

l._J

/
[ =2
\ c
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wherevG(Cl_) fepreseets the-exoefimentally obeeryed'ehieride-yield,1(§gﬁ):ahdA
(RCl) the concentrauwons of “the two seiute -spe eies?in.ﬁeﬁtreiieolﬁinQ,?and

Eé and k 10 the respectlve ve oc1ty eonstanfs for thelr reactlon w1th eaq' .A .
: plot of the rec1procal ‘of the chlorlde yleld as a functlon of (R N)/(RCl) givee

a stralght line with slope(l/G )(k9/k ), as‘snown by'the typical data of

v aq
Flg. 1.

The intercept Valde,l/G(Cl-) = 0.36 gives G- ~ 2. 8, in good agreement
with published values (5,10). Taking-El = 1.2 x 109 L sec™ as determlned

by‘Anbar anchart (ll) in pﬁlse radielysis'studies, we obtain the values of EQ
given in Table I. |

A parallel series of experiments was fun et-pH 3 to obfaih‘rate'conetants
for reactions of e-l with these organo-nifrogen compounds in theiprotoneted form.
' “Results are obtained in terms of the rate eonstant for reaction of e;q with the

uﬁdissociated.chleracetic acid molecule. Corrections must be included for re-

ﬁoval of e;q by the proton reaction .3', k3.= 2.2 x'lOlO;M-l sec-l,'and for the
competition by R.N and RClL at the concentrations determined by the equilibrium

3
constants KR N’ KﬁCl; It can be shown that Egq. 11 then takes the more com-

plicated form

11 ;ifk9(H+) " k91&‘3N i 5 /(2g0) (RBN) (13).
. = = - + - \ - -
. GGCl ), 'Gé;q ,Ge;'ci L kg(H) + Ky e

Here again a plot of the reciprocal chloride ion yield versus (R3N)/(RCl)

‘should give a straight line with intercept equal to l/Ge- . From the slopes
- . . N aq. .
given. by
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| = A2
tk (H )+ k + k. (H RN
G - 1 o — Ty
®aq BjolH) + Ky okpey |

We may calculate the respective values_of,k9, assuming k, = 6 6 x 107 M ec.'l

i mine”

as derived from the work of Hayon and'Allen (9). Values of-k9 so obtained are

listed in Table I.

Son@ of the rate constants.reported in Tabie-I have also been measured
by.pnlse-radiolysis methods in which e;é is followed spectrophotometrlcally (13 14).
The latter values are included in parentheses under k9 in Table I, and as can
be- seen the agreement between the two methods is reasonably good. Rate con-

stants for reaction of.e; with the cation forms of the amino acids and simple

peptides (k.) are not available as yet frqm pulse-radiolysis work. Presumably

9)

this is because of the very short life-time of e;q in agueous solution at the

low pH values needed to retain an appreciableAfraction of these solutes in the

cation form. At pH 3, for example, assuming k, =2 x lOlo ec“l the life;

3
time of e;q corresponds to l/(lO @x]ﬁ) ) = 0.5 X 1077 sec.

Chemical Criteria for Reductive Deamination by e;q.

We found in the earlier work (1,2) that the yield for reductive deamina-

tion of glycine and alanine via reaction Ze couldibe separately measured

.

through use of a second solute such as formate'ion which reacts rapidly with

OH and H

OH + HCOO~ > H,0 + C00 ‘ . (1k)

H + HCOO . —> H, +-C00" . S (1)
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k), = 107 M'l-sec’l, kls'= 2 x;108 MY secd bﬁtviS‘rélatively-dnreactive

towards e
aq

_e;q +choo’ ——> Hoo0?T o 6)

.'kl6 =< ZLOYS M—lAsec—l (15). The préfereﬁtial scavénéiné of:OH apd H via #eaéf.
- tions 1k ‘and 15 blocks the fbfmatioﬁ-df thé anarbon'fédiéals NH;éRz’whigh"
in the absence of formate yield ammonia aﬁa cérbonyi via.steps 6-8 ..vHencé
at sufficiently high forhate concentratiopé the obSérvéd G(NH3) vglue'pro&ides
a direct measure of reaction édL . |

We have found, in applying this techni@ue.to other syétems, that fee
ductive deaminatiéﬁ via reaction 2a is not unique to the free Q-amino ééid
configuration. InJevaluatihé'the experimeﬁtal évidenCe it is'cqnyeniént here
first to compare the ammonié yiglds from glyciﬁe and froﬁ the dipeptide gly?

5.

'cylglyciné at pH 7 in oxygen-free solution under y rays. We observe, Fig. 2,

<

‘ that,G(NH3) from both compounds increase abruptly with solute concehtratién_'
and approach limitihg yields under which §ondifions we may assume that ali of
the OH, H, e;q formgd in the radiatign-induced réacfion are quantitative}y

scavenged by the solute. The effects of added formate ion on these maximal'

ammonia yields from glycine énd glycyiglyéine aré'ShOWn in Fig. 3. In both

cases G(NH3) decreases with increasing formate concentrations and then lévels
~Off to a limiting value which remains essentially constant at the higher
formate concentrations. With glycine, the ammonia yield levels off to give

".G(NHj) = 1.8 as a measure of the reductive deamination reaction 2a in this

" system; the yield for conversion of e;q to H through'reaction 2b 'corresponds
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to G- - 1.8 = 1.0 where, Ge- = 2.8, represents the yield for production of
aq - ' aq -

e;q.by Yy rays in the radiation-iﬁduced step‘ 1 (lO).I This prgéu?tion of H
atoms with G = 1.0 accounts for the felatively high.hydrogen yields. observed
in the y radiolysis of neutron solutions of‘bglycine..'lL The limiting ammonia
yield from glycylglycine in the présehce'of €XCess férmate ion correspondsité
G(NH3) = 2.5 and we conglgde'in this case that the reaction of e;q wit# thé
glycylglycine zwitterion via reactioh 2a 1is essentiall& quantitativé. The
yield for convefsion'of e;q to. H by glycylglycine thfdugh reaction 2b 1is
given by Ge; to H by glycylglycine through reaction (2b) is given by G-
-2.5 < O.3.anonfirmation of the above formulat@on is found in the datalgg
Fig. 4 which shows the effect of a competing electron scavenger, chloracetate
ion (reaction.lO) on ammonia yields from oxygen-ffée 0.25 M glycylglycine.
The ammonia yield drops rapidly with ihcreésing chlorécetate concentration and
the decrease in G(NH3) is accompgnied by a corresponding stoichiometric incfgaée
in G(C17). |

Thé formate technigue has beén used to measure the yield of reductivg
deamination in the y radiolysis of a anber of.amino acids and amino acid
derivatives in neutral oxygen—free\solution. The fesults.are sumﬁarized in
.1':Table II. We note firét that of the compouhds'studied, only those with an
| amino group at the carbon position & to a cafbbxyl, eSter,Adr peptide linkage
-qndergo reductife deémination as a ﬁéjor reéétion.‘ Certainly the implication

here 1is that‘the unsaturatea-C=O group which‘is common to all‘of the above

"'three types of linkage 1s somehow involved in the aeamination reactiong this
 aspect of the subject is treated. in a laterﬁséction. ‘

We note also from Table II that it is bnly with glycine ahd alanine
nt@at'we observe a mérked depfeéseiin AG(NH3) on addition of fhe‘radical

scavenger. As we have notéd, the reactions of OH and H radicals with these
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51mplest amino aclde occur almostlexclu81vely ‘gt tce”o&cafbon p051tlon to

_yleld radﬂcals of ihe type NH3 ..These~aecarooc rad1cale hevevtne properfy

: of d1Sproporclon1ng via reactions 6}8‘ tc'§ieldjamﬁoﬁlazandAcerbonyl. “On'thefef
other hand,: - the more complex eminotacide,lvéline; for examﬁlei(Table Il) offer - '“_
competing ldci_for‘OH and'H attack:et the Q?IY,'vletc{, pcsitions of the eide : B
'chaln. .Radicals formed at theee.sifee have-the‘chemicel“croperties ofvbrdinafyf
allpnatlc radlcals and" cndergo elﬁple dlmerlzatﬂon w1thout the 1nvolvement of

_ nltrcgenvcheﬁistry. Hence, the quenchlng of these latter reactlons by formate

| ion does not influehce’G(NH3) to.as.great an extent. The procuctlon of dlamlnc"
’acids through combination cf radicals‘formed‘bj radicel attack at B, 7v,v side-'

chain positions of the more complex a—amlno ac1ds has been obcerved by Kbpoldova,

~

Liebster, and Bablcky (16)

Similarly, the presence of high concentrations_of formate ion has but

e relatively small effect on_G(NH3) from glycylglycine; glycylglycylglycine,
and glycine ethyl ester. In‘these céses, also, additicnal loci are evellable
for OH attack and the evldence'is‘that such attack at the terminal carbon
position to give the NH3C§— tyﬁe radlcal is relatively unimportant. We have
shown elsewhere (17) that peptides are susceptible to QH attack along the main
‘chaln to give rediCals of the type RCONHéR2 thch species undergc simple dimer-
' izationS to yield the o,x diamino acia'derivatives. The pfesent evidence is

that reaction of OH with these simple peptlde oerlvatlves of glycine occurs

preferentlally at the C-H bond a to.the peptlde nltrogen ' -‘." _ }

.\7’
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Mechanism of Reaction of eaq with Amino Compounds
We conclude from the present study that reductive deamination via

reaction 2a is a general and characteristic reaction of compounds containing

the grouping

e

.
NHg—g—cf'-
R X

when X represents O , OH, OR, NHR, etc.6

If thére is'more than‘onéucarbon
uhit between the amino and carbonyl‘groups redﬁctive deamiﬁétion dées not
occur, B-ala;ine and e-amihocaproic acid are exémples of amino coﬁpounds that
do not undergo reductive deamination. Noﬁ, Riesz and Morris (19) found that
the simple aliphatic amine'cationé, methyl émmonium ion, fpr example, react
with e;q exclusively via thé conversién regction 2b to yield H. Such reac-
tion is analogous to the cqnversion.of e;q to H by Nﬁz as -observed by Jortner,
et al. (20) who also showed that the rates of conversion of e;q'to H by pro-
ton donors corre;ate to a first apbroximation with the pK values of the donor
acids as implied 5y the Brénsted general acid catalysis law. (The lower the
pK the faster tﬂe reactiop with e;q.) And, Braams (13) MO?e recently has

studiéd, by the method of pulse radiolysis, the rate of disappearanCe.of e;q in

oxygen-free neutral solutions of a variety of simple amines, B-amino acids,

' d—amino acids and peptides; he finds in all cases a reasonably good correla;

tion betﬁeen the dissociation constants of the profonatéd amino groups and
their.rate conétants for reaction with e;q. Braams conéludes’wiihout speéi-.
fying the nature of the chemistry involved that the protonated amino group. of
all of tﬁe;e various classes of amino ‘compounds.rgpresents the locus of the

reaction with e;q. It is likely that such is the case for those compounds
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fhgt react with.e;q‘via thé_cOn&é%sioﬁ fé§¢£ion Céb ”in?ééc5fa3witﬁfthe earliéff
work of Jofﬁnér, et‘al, (20)7_ It is not clear thaﬁfthé same_édffelation be- -
fween pK and réaction ra£é in_the redUCtive'agaﬁiha£ibnbreactions 6f tﬂeja+}_v
amino.écids?,and théir estéf énd éeptidé~defi#étiveé nécesééfilyvimplies'thét o
: e;q ié.réacﬁing at th?_lO?ﬁS.Of:the éminé grou§;  Ip faét,,the‘fiﬁdiﬁg that an
‘ unséturafed double bond ﬁustfbe present O to thé_ahiﬁp grodp forvreductive

deamination fo'ogcﬁr, suggests the posSibilify_that‘e;q adds via

+ P . . v _ )
SNy —g»— o vey > Ny - ¢ - o (17)
Tk X TF ) ' R N X o |
which step-'is then folldﬁéd by fhe.dissociation~s
iy~ ¢ - ¢ > My + €~ . (18)
or the hydrolysis
H.  0"_, o I;I ./O'
HEO+NH§—(:3—C°: —> M| + o + ¢ = ]
‘ R X | "R X

The recent finding that the glycinéf0u+z_chelate undergoes reductiye cleavage

of the N-C bond on reaction with e;q as given by the,ovérall'stoichiometfy,(Zl)* o

- +2 - '
®aq + [Cu (NHECHZCOZ)Z]_+ H,0

a9

'is slso consistent with the interpretation'that e;q reacts at thevC=O'bond'of

x the ligand. The formulationﬂ.i?,'lS 'i§ in accord with the finding that the

> [Cu+2(NH3l)(.NHZCHché )]+ o + CHyC00™

.'J
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rate of reaéfi.on‘ of e; 'i«zifh the zwitterion fo’rrr‘l.of ’thev d—amino acids is quité
low as compared witﬁ its‘réie of reaction with the cation, ester and peptidé
forms (Table I) since the double bond character of thé C=0 group of fhe cafboxj
ylate ion is éonsiderably less than that of the C=0 group of the acid, ester,
and péptide.derivatives. While it is ﬁrue thgt the‘rate of reaction of e;q
with the isolated peﬁtide linkage, N-etﬁylacetamide, for example, is low (Table
I), fhe presence of the NHg group in thé a;positidn induces‘a strong.polariza-
tion in the C=0 bond (22) which would accbunt for the enhanced reactivity of

the Q-amino acids towards e;q And, since this polarization is manifested in

. turn as an increase in the acid strength of the NH; group. (22, 23) a correla-

tion between the pK of the amine group and the rate of reaction of e;q via

paths 17, 18 would be expected.
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. Some dlmerlzatlon of NH

 The recent results of Clay and Kobi (Ref. 18) indicate that e;q reacts
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'FOOTNOTES
Work performed-ﬁnder the auspiées’of'the UafSavAtemie.Eneféy‘Commissioﬁ.
Pfesent_address: Deparfmenf of.Phyeioldg&,ﬁUniversity'oleesterp'Austfalie,
.Perth, Weeterh‘Austraiia.' e  . o l;__v” I . - . 6
3CR redicels aoeexeccur §Utﬂ#héYield°f'thé &’fav. s

diamino acid is low (see Ref. 6)

For Y rays the yields of H and H2 in the radietion'decomposition of‘wafer, o

" .reaction ‘l corresponds to G = Q. hS,v = 0.55.  With neutral 1M

Hz

glycine under'r rays G(Hz) 2.2 Wthh value is in good agreement W1th

o
Gy + GH2 + 1.0 (Ref. 2).

. The radlcals RCONHCR and NE'CR (or NH, éRz) differ'fundementally in their

372

»chemistry In oxygen-free solutlon the former dimerize whlle the latter

disproportionate (see Ref. 17).

with benzyldimethylamine cation and_with'benzyltrimethylvammonium ion to

yield dimethyl amine and trimethylamine respectively. Thié suggests the

4X .

reactive grouping in the general case corresponds to RZNH+-C<R2)_C\Y



Rate Constants for Reaction of e;q with'Amind Acids and Derivatives
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Teble T .

as Measured by Couipetition Kinetiés.a

UCRL-17285

ethyl amine

Compound pﬁ 6.7, E9 (M-l sec;l) pH '3, k9 (M—l sec-l)
glycine 1.4 x 107 (0.9x107)°¢ | k.5 5 10°
alanine 1.8 x 107 (0.6x107)°¢ 8.0 x 10°
bis-glycinato-Cull 3.5-% 108 | -
glycine ethyl ester 1.0 % 109v‘ -
[diglycine 1.0 x 108 (2.5x108)b 8.9 x 108
“triglycine 7.2 % 108v(9x108)b 3.0 x 107
N-ethylacetamide 1.7 x 107 | 1.5 x 107
N-acetyl alanine 1.1 x 107 1.2 x 10°

| ~10°

a ——
Based on klO

bPulsé radiolysis, Ref. 13.

®Pulse radiolysis, Ref. 1L.

= 1.2 x 107 ML sec , k

= 6.6 x 109 M"l sec

-1




~alanine S o B v_=: “ k3 e

glycine ethyl ester ' - P e 2.
bis-glycinato-Cull” -~ - . 5.0

glycylglycine S R °'a , 3.
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. Table IT

Effect of 0.8 M Sodium Formate oprg(ﬁﬁ )'frqm'Oxygen:Ereé’ o
Solutions of Amino Acide and Derivitives at pH 7. o

Compound S : FatfﬁﬁF."f'A’ ':G(NH3)

. Formate-free » l.Q g formaﬂé_

glyciné - o | o, 1.

e
o o W

(@]
AV]

lvalinec - S o 1.8 ) o 0.8

,'e-aminocaprioc acid ' : S :0.35. N R v <0.35

B-alanine '_ o :.v; B : ',0.75v’ - 'j | - 0.45

.

a, - . e .
At the minimum concentration required to insure the quantitative scavenging -

of water decomposition-products (see Fig. ).

bAt pH 8.5.

CM.easured at only one valine concéntration, viz- 0.25 M.




-21- . | . UCRL-17285

FIGURE CAPTTONS

Fig. 1. rTypical plot.s of the rec.:ipro'cal chloridge-ion _yiélds as .a f.’uncltidnv of
| (R3N)/(RCl) or (%’N)/(ﬁé‘l‘) for glycine zwitfyerion (A), glycine cétioh (&), .
glycylglycine zwitterion (O0), glycine ethyl ester (), ethylémine (8). - N
Fig. 2. Effect of glycine (0) and giycylglycin¢ (9) concentrations on ammoni.av
yields from oxygen-—frée s‘olutioAns, p'H 6.5. | . -
| F:Lg 3. Effect of formate concentrations on ammonia yieldbs from 1.0 M gl&cine

- (0), 0.20 M glycylglycine (), voxygen-free, pH 6.5.
Fig. 4. Effect of chloracetate concentration on ammonia (9) and chloride ion

(A) yields from 0.20 M glycylglycine, oxygen-free, pH 6.5.
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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 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.
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