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_ EXCITED-MOLECULE REACTIONS IN THE RADIOLYSIS OF PEPTIDES
IN CONCENTRATED AQUEQUS SOLUTION

Michael_A. J. Rodgers and Wérren M. Garrison
Lawrence Radiation Labdrator&v
University of California

Berkeley, California

_ October 1967

Thebradiafion-chemistrybQf simplé peptides such as N-acetylglycine ahd.
N-aéetylalanine‘in dilute aqueous solution can 5e iptérpreted aimést exciu-
:sively in terms of the formation and sﬁbsequént reaction of the pép£ide
" radicals RCONHéRg; 2 In heutral solutions suchsradicals are‘féfmed predom-
inantly.through OH attack N |

+ -

HQO-"M) H202, H2, OH,. H, eaq.

(1)
© OH + RCONHCHR, - H,0 + RCONHCR, S (2)

- where reaction 1 represents the rzaufi:i_ation_--indu.ced_step.}-5 In the-absence =

@f oxygen, the reaction

RCONHCRé
‘ .

2 RCONHCR. -
: RCONHCR,,

. (3)

leads to the formation of the a,a"diamino succinic acid derivative. - A fraction-

of the RCONHéR2 radicals undergo further oxidation thrbugh reactions of the
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type
2 RCONHCR, - RCON=CR, + RCOMHCHR, | ()
H,0, + RCONHCR, — RCONHC(OH)R, + OH . ()

where the H202 in reactlon 5 is derlved from the radlatlon 1nduced stgp 1.
The products ofhreactlons h,5 are lablle and readlly decompose on mild hydrolysis

e.g-

| Héo'+ZRCON:='CREQ.:‘I-> 'iacooH}'}NﬁB +RCO '. L (6)
':to yleld amuonia and carbonyl products In ‘the y:radiolysis of'evacdated
O5M acetylalanlne solutlons at pH'L G(NH ) = G(>CO) o 5. |

| We flnd however, that there is a very marked increase in G(NH.)Vas the
ccncentratlon of the acetylalanlne is 1ncreased‘above_0.hg. Data6'obta1ned
in the y-radiolyéis ofrog-free solutions_of acetylalanine are given in Fig. 1,»
: The ammoniavyield approaches a limiting value‘of,G(NH5) =3 in'the concentration
rrange 2M to 3M 'This increaee in G(NH ) is net‘accempanied'byla corresponding.
1ncrease in the yleld of carbonyl products, G(>CO) ~ O 7 over the entlre con-' .
:centratlon range O lM to 3M. Hence,,the 1ncrease'1n G(NH5) cannot.be explalned
in terms of an enhancement 1nvthe yields.of-reactions 2, h-5 'In'fact the'increase
in G(NH ) does not appear to be- related in any 31gn1f1cant way to the reacti-

X3

vity of the OH radlcal or its precursor H 0 We find, for example, that

addition of formate ion, which is an effective OH scavenger,

|OH + HCOO™ — H,0 + COO” | (D
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. at concentratlons as hlgh as O. 75M has eSSentlally

" ! ‘ 8 l
no effect on G(NH ) from 2M acetylalanlne (k =2 x 10°M )9

= 2. 5‘x 107 1se '})8
Negatlve
results were also obtalned w1th phenol as the competlng OH scavenger.

The evidence is that a qulte different reactionvmode sets in at_acetyl-
alanioe concentrations;above OflM.‘-Chemical anaiysis6 of the irradiated
solutions reveal that propiohic acid which is proauced in oegligible yield
(G < O 1) in .O5M acetylaianinelsolutioh beoomes a major'proauct at the
hlgher solute concentratlons, 1n 2M acetylalanlne the proplonlc a01d yleld

corresponds to G = l 6. 10 The poss1b111ty that amide and proploplc acid

arise as a consequence of reaction of-the type
e aq ¥ RCONHCHR,, — (RCONHCHBE) S - (8)

(RCONHCHR,, )™ - RCONH™ +'GHRé R .(9).

must be considered; we have shown elsewhere that kg = lvx‘lO7 for acetylalanine

g =
o | L ' '
at pH7.l However, addition of chloracetate ion which is an effective electron
scavenger

e+ RCL o R+ CI . (10)

aq : . . :

‘does not significantly reduce G(NH3) from 2M acetylalanine even at chloracetate
concentrations as ‘high as .05M; under this condltlon G(NHs) = 2, B,G(Cl ) =2 5

Addltlonal ev1dence against reaction 9 is the finding that G(NH ) from the 2M

solution at pHT remalns‘essentlally constant on 1ncreasing the acidity to pH 1.
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(kH+ - = 2 X. lOlO) ; WevnustICOnclude then that the removal of’CH e;q:
(and also of H O and e ) is not 1nvolved in the radlolytlc degradatlon of '
the peptlde bond in these concentrated solutlons | |
Now, certaln compounds such as benzophenone and naphthalene, for - example,
react rapldly w1th e‘q and OH8 and also have the addltlonal property of belng ’
,eff1c1ent quenchers of exc1ted states. 5 We flnd that addltlon of naphthalene
' sulfonlc ac1d in mllllmolar concentratlon effects a sharp decrease in G(NH )
from 2M acetylalanlne as shown in Flg. l. The rec1procal yleld plot (Flg. l
1nsert)-extrapolates to glve‘G- l 6 as the llmltlng yleldtfor productlon of
‘species whlch the present evidence suggests are exc1ted states of acetylalanlne.
The mechanlsm for formatlon of RCONHCﬂRg*

estahlished« ‘However, weé havesrecently'found that'the_propionlc acid yield

has not been conclus1vely

which approaches G = 1.6 in M acetylalanine‘does not increase furtheriwith
lncreasing solute concentration‘to 10M. In fact, hthis same yield is'obtained
‘in the w-radlolys1s of acetylalanlne in the polycrystalllne form. 1k Our
'present conclu51on is (a) that preferentlal excitatlon by low-energy electrons

is 1nvolved e. g - E ' K

A

¢

& + RCONKCHR, - ‘RCONHCHR; +e” % - (11)

g

and (b) that the species RCONHCHRé* are removed through reaction of the type

'RCONHCHCR; + RCONHCHR, - RCONHCR, + RCONH, + CHR, ~ * (12) -

Cur1ent wo1k is expected to prov1dc detalled 1nformat10n on the phys1cal

and chemical propertles of the spec1es RCONHCHR2

15

A
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" FIGURE CAPTION

Amide-ammonia yield,_G(NHB), as a function of acetylalanine concen-

tration in oxygen-free sblution at pH 7ﬂunder y_rays. Insert: efféct

of naphthalene sulfonate on G(NH5) from a 2M_aCetyla1anine solution.



8- : o |  UCRL-17886

- G (NH3)

 Figure 1

| |
25 50
Naphthalene sulfonate (mM)
| : | _ - |
2.0 .. . - 3.0

- 1.0,

~ Acetylalanine. (M)

XBL6710~-5415



[

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person dcting 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.








