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DISCLAIMER
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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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- ROLE OF EXCITED SPECIES (RCONH”HRQ) IN THE RADIOLYTIC OXIDATION

OF THE PEPTIDE MAIN—CHAIN IN AQUEOUS SYSTEMS
Warren M.‘Garrlson“and Mlchael_A. J. Rodgers’
Lawrence Radiation Laborafory |
University of California
Berkeley, California 94720
B April 1969 ”
.
: Studies of the radiation chéﬁistry éf';imple peﬁtiaeé in dilute
oxjgen—free solutions have shown2 ﬁhat the labile producté,of'the.Y—fadiolysis

of Water3’h

HyO —e— H O ,H ,OH,H,e Cl,H+ ’ (1)

2 2°7 2"

undergo reactions of the. type

-y me SN S e ' on :
®0q RcQNHQHR2 H,0 ‘ RC(OH)NHCHRQ_ OH | (2)

OH(H) + RCONHCHR, > RCONHCR, + H,0(H,) . - (3)

Subsequent interactions do not lead to degradation of the peptide main-chain -

2,5

The small amounts of "amide-like" products

‘formed in the y-radiolysis of dilute oxygen-free solutions of N—aéetylglycine

and N—acetylalanine are attributed;to the over—all‘reacfiong

300NHCR2 + H202 — RCONH, + R,CO + OH - ‘(u)

N N e
3)=& G(RQCO) — 0.5 on hydrolysis.
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However, we have recently found that as the peptide concentration in

these oxygen-free solutions is increased above v 0.1 M, an abrupt increase in

5

the amide-ammonia yield is observed. For example, in the y-radiolysis of

N-acetylalanine solutions fhe amide yleld, expressed in terms of ammonia v

' n
released on hydrolysis,6 increases from G(NH )_—~O.5 in 0.1 M solution to

3

. n, ’ 4V
G(NH3) — 2 in 1 M solution. The yield then tends to level off at G(NH3) -3

~in the concentration range 2 M to 3 M. Propionic acid is the principal
concomitant product associated with this enhancement invthe amide yield. The

chemical evidence ig‘tot05’7’8

is that a major fraction of this "extra"

chemistry'is derived from excited-molecule reactions

o ; . .
e + RCONHCHR, > (RCONHCHRg) + e (5)

2

*
‘(RCONHCHRz) + RCONHCHR2 o

> RCONHCR, + RCONH, + CHR (6)

where e  of reaction (5) represents a low-energy (subexcitation)-electron,9
Now, in an earlier publicationlo on the radiolytic oxidation‘of

N-acetyl derivatives of glycine and alanine in aqueous solution containing

FeIiI as the oxidizing scavenger, we found that the observed chemistry

at peptide concentrations ranging from .05 M to 2'M_éould be interpreted

eiclusively in terms of theareported yields of reaction (1). vFor example,

‘ in the Y—radiolysis of 0.1 M solutions of N—aceﬁylalantne containing .05 M

FeIll ﬁo préferentially scavenge e;q and H, the RCONHE}R2 radicals formed A

through OH attack are quantitatively oxidized in accord with the over-all

chemistry
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RCONHCR,. + FeIIL + H.O

5 5 > RCO§H2‘+:R2CO + Fell + H (1)
. . R ‘ ‘ : .
to give®t o(mL) Y 6(rR.CO) = 3.2 %G +G. . where RCO represents the
- e 3 2 o ¥ %0, 2

keto acid; the aldehyde yield is nil. With increasing N~acetylalanine’

: . » . . . R " ' 12
concentration the degradation yield increases somewhat but levels off at

H,O H

) L N . N ‘
G(NH.) — G(R.CO) = 3.9 —-G._+ G + G. in the concentration range 0.5 M
3 2 T Vor T "m0, , , &

~to 2 M.

Iif oxygen is used as the oxidiiing scavenger the over—all chemistry

is more complicated but the peptide radicals in this case also are quéntitative—

. IY'degraded'in gdcord with the stoichiometrylo

+RCONHCR

‘ : > mot . o v
st 02 + HQO‘ RCONH2Q+ products . (8)

In the Y-radiolysis of oxygen~$aturated‘o.l M_solutidns‘bf N—acetylglycine
L 6,10- ‘

and N-acetylalanihe we have observed G(NH3) 2-2.9 2-GOH. 'And we now

find;(Fig;kl) that on increasing the concentration of N—acetylalaninéxto

2 M and above in oxyéen—saturated solution the increase in G(NH.). is small

3

e Ny o 12 v v
and 1n“agreement with the stoichiometry G(NH3) - 3.4 —jGOH + GH. The
13 . _ v

aldehyde yield is low. The keto acid yield.is nil.lh . Apparently the

' major'nitrogen—free_organié'products of reaction (8) are of a higher order

of oxidafion.;o

o

Our .concern here is with the fact that in the presence of oXidizing .

:solutes ‘such as 02 and FelIIl there appearé to be no'contribution.offthe

55T

excited species (RCONHCHRQ) which we have estimated”’’ “to be produced with

G§2:1.9 for a 2 M N-acetylalanine solution in the absence of_QxidiZingbsolutes.

There are at least two alternate explanations for this seeming discrepancy
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(a) 0, and FeIII quench (RCONHCHRz) through physical processes as do the

2

excitation scavengers referred to aboves’T’8 () O2 ahd Felll react with

. ‘ .
(RCONHCHRQ) to yield heretofore undetected products.

We conclude.that the latter is the case since hot acid—hydrolysisl5

of the irradiated N-acetylalanine solutions prior to assay leads to a marked

increase in G(NH.,) which increase is accompanied by the production of

3

N | .
acetaldehyde in the relationship AG(NH_) — AG(RCHO) as shown in Fig. 1.

3
These results are both quantitatively and qualitatively consistent
: *
with'.the concept that (RCONHCHRQ) is oxidized by both O, and FeIII to
yield the dehydropeptide derivative RCON=CHR and that this species requires

a prior acid hydrolysis to release ammonia and aldehyde

> RCOOH + NH_ + RCHO (9)

RCON=CHR + 2H20 3

‘which are then detected by the analytical procedures used in the present
study.6’13

' Tt is also of interest to note (Fig. 1) that the full aldehyde
yieid can be measured directly (without the prior hydrolysis in hot 0.2 N
sulfuric acid) if the procedure of Johnson and Scholes16 is used. This
procedure employs high concentratiohs of 2,4-dinitrophenylhydrazine (2,4-DNPH)
in.60 percent perchloric acid as solvent. Under these conditions products
of the type RCON=CHR either undergo hydrolysis in the cold or react directly
with the 2,4-DNPH reagent to yield the hydrazone derivative. |

A fuil report of the radiation chemistry of the peptide main-chain

in concentrated aqueous solutions is in preparation.
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kK
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95°C for 1 hr. Prior to hydrolysis the FeIII was removed with Dowex 50

;(acid form). The oxygenated solutions received a prior treatment with

platinum black to remove hydrogen peroxide, cf. W. M. Garrison, M. E.

" Jayko, W. Bennett, Radiation Res., 16, 483 (1962).

G. R. A. Johnson and G. Scholes, Ind. Eng. Chem. Anal. Ed., 79, 217

(1954 ).
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FIGURE CAPTIONS

Fig. 1.  Product yields in theiYuradiolYSis of ancentrated solufions of = -

‘ ; ' - o ‘1
N-gdcetylalanine: [oé_saturateq],_G(RcHo) by MBTH method 3 before,

(O) and after,. () acid Hydrolysié;;5 G(RCHO) by direct application of
Johnson-Scholes method,l6 (®); G(NH,). after amide hydrolysis in base,

(0O, G(NHB) after acid hydrolysis,ls [.05 M FeITI] G(RCHO) by

 MBTH method after acid_hydrolysis, (®); G(RCHO) by direct application

of Johnson-Scholes method, (@»; G(NH3) after acid hydrolysis, (&).

Twe
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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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