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_ RADIOLYTIC CLEAVAGE OF THE PEPTIDE MAIN-CEAIN IN CONCENTRATED
AQUEOUS SOLUTION: ENERGY -LEVEL OF EXCITED-MOLECULE INTERMEDIATES'

Michael A, J. Rodgers2 Harvey A. Sokol, and Warren M. Garrison

' Lawrence Radiation Laboratory, Unlversn;y of -California
Berkeley, California 9h720

The Y—radloly51s of oxygen-free solutlons of 51mple peptldes such as
-V-acetylglyc1ne and N-acetylalanine at concentratlons above 0.1 M leads to
formation of excited species 'RCONHCHR,¥. Reactions of these ‘excited-molecule
intermediates lead to cleavage of the peptide main-chain with formation of
amide and fatty acid functions. Through use of a series of aromatic second-
solutes as ‘excitation quenchers it is pos51ble to a531gn the energy level of
RCONHCER, * t N3.5 eV.

-~ In the Y—radloly51s of dilute aqueous solutlons, the observed chemical
: changes arise through reactlons of solute with the hydrated electron and the
radicals OH and H which are produced in the radlatlon-induced decompos1t10n of
solvent water (l-h) 3

_ N . |
H 0 —4%—> H0,, 2, OH, H, €2’ H | (l)

Studies:of’the'radiation chemistry of simple peptides such es N—aeetylglycine
aﬁd-N—acetylalaninevin dilute oxygenrfree solution have shoun thet labile
species e;q,_OH;dahd H'are preferentially removed turough reaction at the pep-~
tide main chain. Such reactionsdo not, however, 1ead to main-chain cleavage
in any appreciable‘yieid (5-8). Smell amounts of amide-like products are pro-
duced but the emmonia yieid on.mild hydroiysis is relatively low with

G(NHS) = 0.h.

}’Thls work was performed under the ausplces of the U. S Atomic Energy -

Comm1551on.
Present(address:‘ Chemlstry Department Un1Ver51ty of Manchester Manchester,

England.
'3Bielski and Allen (h) report the followlng 100 eV ylelds (G values) for
reaction 1: Gy, = 2. 7h G~ = 2.76, Gy = 0.55, Gy = 0.40, Gy 0, = 1.00.
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We have also observed (7) that as the peptide concentration is in-
creased above>NO.l'M) the amide yield increases abruptly and approaches a

limiting value of G(NH,) * 3 in the concentration range 2M to 3M. We sug-

3
gested in a preliminary report (7) that degradation of the peptide main-chain
at'high solute cohcentrations involves excited-molecule reactions. The present

work extends the preliminary findings and provides experimental evidence ﬁhat

the excited level of'N4adéty1alanine corresponds to V3.5 eV.

Materials and Methods

The N-acefylalanine was obtained frbm CyclorChemical Corp. (NRCbgrade
I) and was re;rystallized twice from water. Water used in preparation of |
solutions was from a Barnste&d still and was redistilled'first from ‘alkaline
permanganate and then from phosphoric acid. The pH adjustments were made with
sodium hydroxide.

Pyrex ampoules‘contaiﬂing ;O mi of solﬁtion.wefe'de—gassed on the
vacuum line ahd.then'éeéléd off with ﬁhe toréh;: They wéreyirrédiatéd:fn a

6

10 ke %o Gamme Cell (embient temperature ~35°C) at a dOse—réte’of

18

1 x 107" eV/gm-min [G(Fe3+‘=_is.s;'e = 2180 at 24°C].

305
Amide ammonia was determined after a modification of the method of
Convay (9). Propionic acid was assayed by vapor-phase chromatography (10).

Carbonyl products (pyruvic acid plus acetaldehyde) were determined after the

method of Johnson and Scholes (11).

vResults and Discussion
The radiation chemistry of N-acetylglycine and N-acetylalanine in

dilute, neutral solution in the absence of O, may be represented (6,8,12) in

2
terms of the radiation-induced step 1 followed by

> RC(O™)NHCHR | | (2)

eaq + RCONHCHR2 >
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2

OH(H) + RCONHCER, > RCONKCR,, + H,0(H,) : (3)

The radical products of reactions 2,3 are subsequently removed mainly through
the feconsﬁitution reaction

H. O + RC(O™)NHCHR + RCONHCR

) > 2RCONHCHR2 + OH™ - (L)

A fraction of the RCONHéR2 radicals undergo,further 6xidation of the type

2RCQNHéR2 ——> RCON=CHR, + RCONHCHR, (5)

- H,0, + RCONHCR, ——> RCONHC(OH)Ré + OH o (6)

2 2

where- the H202

Thg okidized,produéts of reactions 5,6»are labile and readily decompose on

df_réacﬁion.G is derived from the radiation-induced step 1.

mild hydrolysis =

H,O + RCON=CR, —> RCONH, + R,CO . (7)
RCONHC(OH)R,, ——> RCONH,, + R,CO o (8)
| HyO + RCONH, ——> RCOOH + NH; - )

to give G(NH,) = G(R,CO) = 0.b. .

Although fééctions‘i—9 provide an>explahafion.of the radiation chem-
istry of the siﬁplef.N;acetyl amiho adidsvid diiute solution, otheriprocesses
become of major importance at higher solute éoncentratibns. In the case of
N-acetylalanine therevis a very marked increase in the aﬁide ammonia yield as
fhe solutebconéenﬁfétion is increaéed above O,l'g_aé shown in Figure 1. We
also see that thg carbonyl.yiéld is essential;y independentkdf-solute;cqncen-
tfation over the range Qtudied. Propionic acid ié‘thé'principlé concomitant
pfoduct associated with_the'ehhancement in the amide yield from Nfacetylalanine.

The production of amide and fatty acid at the hiéher solute concentra-
tions does th'appear £o be relgte§ in any signifigant way to the reactions of

oH, H, e;q. We have found (7) that addition of second-solutes at cdnqentrations
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sufficient to quantitatively scavehge the products of'waﬁéf radiolysis has
relatively little effect on the amide yield in concenfréﬁed aqueous solution.
The evidence is'that a new reaction mode sets in at concentratiéns aﬁove 0.1 M.
We have suggested (7) that such reaction is of the form

.

e” + RCONHCHR, ——> RCONHCHR, +e . (10)

+ RCONH

¥

5 - ———> RCONHCR

RCONHCHR,, + RCONHCHR + CHR,  (11)

2 2 2
Platzman (13) pfoposéd sdme.years'ago that in the y-radiolysis of concentrated
aqueous solutions the spluté may undergo eléétrohié excitation ﬁhréugh inter-
-action with low-~energy eléctrons as formulated in équation'io.

Now, arbmatic coﬁpounds afe, of éourée, knownvtp'be effectivé scavengers
- aof excited states providing the enéfgy.level of‘the aromatic compound is iower
than that of the excited species (lh);‘ We find experimentally that naphthalene
sulfonic acid, benzoic acid and behzaidehyde are remarkably effective in
quenching'tﬁe fbrmation of amide ammonia in»2¥_N—aé¢tyalanine.‘ Phenol and
benzene sulfonic acid on the other hand,aré without éfféct even at tﬁe‘highéf
concentrations. Typical data are SQmmarized in Figure.Z.

The reason that certain aromatic coﬁpounds are effective.quencheré and
others are not becoﬁes evident on examinaﬁioh of thé‘energy—levelﬂdiagram given
in Figure 3. Déta for the singlet and‘tfiplet leﬁels of the aromaticvcompounds
are taken froﬁ Calvert and Pitts (15). The value of thé singlet level of
N-acetylalanine is from the work of Saidel (16). We note first that although
all .of the aromatic solutes studied here have singlet levels below the pepﬁide
upper singlet:all are not effective quenchers as we have noted. The correla-
“tion appears when the triplet levels are considered. We see that those com-
pounds that are effective quenchérs viz;,-benzaldéhyde, naphthaléne sulfonic
acid, and benzoic acid have the lower triplet levels as compared to phenol and
benzene sulfonic acid. The change from quenching to nonquenching occurs
1)

between benzoic acid (27,200 cm—l) and phenol (28,500 cm ~). In other words
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o 5> in the case of N-acetylalanine

‘the energy of the excited state, RCONHCHR
'~ must be between these two values,at 28,000 em ™t = 80 kcal = 3.5 eV.
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Legends for Figures

Figure 1. Ammonia (0), propionic acid (O), and carbonyl (A) yields as a func-
. tion of- N—acetylalanlne concentratlon 1n oxygen~free solutlon at pH 7 under
Y—radloly51s. : »

Figure 2. EffeCté of excitation scavengers on ammonia yields in oxygen-free,
2M N-acetylalanine solutions under y radiolysis; benzene sulfonic acid (O)
phenol (o), benzoic acid (0), naphthalene sulfonlc acid (0)

‘Figure 3. Slnglet (—) and triplet (---) energy levels of excitation scav-
engers used in the present study. The line ('°') represents the energy level

of RCONHCHR2
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LEGAL NOTICE

This report was prepared as an account.of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or : :

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any.information pursuant to his employment or contract
with the Commission, or his employment with such contractor
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