
UCRL-17930 

University of California 

Ernest O. 
Radiation 

Lawrence 
laboratory 

THE RADIATION-INDUCED "HYDROLYSIS" 
OF THE PEPTIDE BOND 

C_ 1 ~ 

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

November 1967 

TWO-WEEK lqAN COpy 

This is a librar~ Circulatin9 Copy 
which may be borrowed for two weeks. 
for a personal retention copy, call 

Tech. Info. Diu/sion, Ext. 5545 

~ 
~ 

~ 
r--

n • .. 
""" r '3 
~ 

~. 
1"\ 
-......J 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain COlTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any walTanty, express or implied, or 
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 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
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 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



1 0 " 

, ., 
i 

Chl:m .fJ!)!;. 

UNIVlmf;rry. OF CAT,H'ORNIA 

Lam'cnce Radiution Laboratory 
Berkeley, California 

ABC Contract No. W-740~-cnG-48 

THE RADIATION-INDUCED "HYDHOLYSIS" OF THE PEPrIDE B01'D 

(](; ; '1,-1. 'l? 3G 

Preprint 

Michael A.J. Rodgers, Harvey -A. Sokol, and Warren M. Garrison 

November 1967 

I· 



: ..... : 

' .. ;"1':' UCRL-17930 

0, ' 

• • . ~. .j' 

Michael A; J. , Rodgers,' HarveY: A. ' SO~ol:;'and Warr,en 'M.', Garrison ' 

',Lavlrence Radiation Laboratory' " 
University of California "":' 

,Berkeley, California ., 

: November 1967'",',' 
- .. ; 

• '. "'. A ••••• 

.. ~. 

~ ". . .' 

..... ' '.' 

. ' .. ::."', " . 

,';: . 

lie find tlia~,the ')'-radio1ysis of oxygen-tree ,solutions 'of simple 

peptides such as the N-acety1amino acids leads t,o liberation 'of the free, 

amino acid as a major reaction product. 
, '2 

As a specific example, the alanine 

yield from N-acety1a1anine in evacuated solution at pH 7 increases, abruptly 

with increasing solute concentration over the range '.O~ toO.25~ and then' 

levels off to a limiting value of G(alanine) ~ 1 at acety1a1anineconcentrations 

above O.5~. 

This radiation-induced liberation of free amino acid 10 quenched by 

second solutes such as hydronium'ion, molecular oxygen, andchloracetate ion 

all of which are known to be effective scavengers of the hydrated electron, 

e , formed in the radiation-induced step3, 4 
aq 

(1) 

The effect of chloracetate ion on G(a1anine) from ~ acety1a1anine at pH 7 is 

shovm,in Fig. 1. The reciprocal-yield plot (Fig. 1, insert) gives 

k2/k) = 1·9 X 10
2 

for the ratio of the rate constants of the competing, 

reactions 

e + RC 1 -7 R + C:1 -aq (2) 

eaq + RCONHCHR2 -7 (RCOl\TJICHR2)- -7 products 
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This value is in good agreement . with other measurement,s of:the reactivity>of 
. . '. "'".'. ,." . ' .. 

e towards thes~ solutes. 5 
aq 

:,,' 

.-
The evidence is then that the ~educi:rig s~ecies~ .' e~<i' ,is ~.spec.iffcaliy· ..... 

'Previous": 

..,'" 

involved in the chemistry that leads to ll.berationof free.,alanine~ 
:,: . ',,: 

work has established. that:' the oxidizing species, OH, is remoyed preferentially. 

through H-abstraction at the a~carbon position of acetylalanine 
. . . ', .... : ~.'.,. . . 

. ,..',' . 
. , 

...... ",:.:" 

'; ,-; 

. where k4 = 2.5 X 10
8 

M-
l 

sec -1 6 Addition of ari OH scavenger. such as formate " , ..... ,'., 

. ion (kf+O
H 

=2.5 X 109 M-l sec-l )4 at conce~tr~tionsashigh::as .0.5 ~'hasno 

effect on G(alanine) in ~ acetylalanine. . . , ...... ' 

. .. 

Now, if the removal of e via reaction 3. leads to reduction of the . 
aq 

peptide linkage e.g. 

" '~'. . ... 

. ~,'" 

then· it is clear that combination of RC(OH)NHCIffi2 with .. li.~~.s,pe·Cies6r .Hith' the 

. .. ~. 

. i .. 

. ' ;' . . : '~" " 

a-carbon radical RCONHCR2 :would iead to formation of' Schiff-base :.derivatives o~.' ::,~.':,:,>_. 

• 
decomposition 

!', ••.•. 

.. , ~. ~., 

R(R' )C(OH)NlrCHR2 ~·R(R' )CO~+'~~2CIffi2":' ::':,' ". ',. 
. . <:. ~. . .• ,.. .. " ",:'- .~ c 
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,The stoi~hi01JletrYOf;rea~ti6-ri: 6':WOUld al~o b'eobs~r~e'd"if"~h~::'tS~hiff~bas~) 
.' . . . " "- . ". . . ."- ~ "" 

radical RC (OH)NHCHR2,und~rwent'th~' decO!npo~,~ ti6l\ '.,,' 
'... ,".' 

. '"" ...•. '-' . 
:.<.' J 

RC"(,OH.)NH,,Gim2"~" RCO:~ NHbIffi:: : ,~'/J<"": 
, "2,, ,2, '" 

,"":, 

(1) 
.: .-

,-, " . 
1- . 

" ' 

".-: ," 

,".,' .. ' 

before dimerization. In ':a.nYevent, the, main point, here is that the ' formatfon 

of alanine through' n~t reduction' of ~he peptide linkage in accord Vii. th the" 
: "!. 

,stoichiometry of reactions 6 and .7 reCJ,u:i..res the concomitant formation of 

ketonic products R(R I )CO. Detailed ~hemical analys'es 7 of the irradiated 

solutions reveal: that the yield of such products is CJ,uite low with G ~ 0.2. 

Evidently reductive cleavage of the peptide bond does not yield,the major part 

'of the observed alanine even though the formation of this product is directly 

related to the attack of the reducing species, e -, • aq 

A concept that appears to provide a clue to the interpretation of ' 

the chemistry of present 'system;, is that the radical products of e- and OH 
aq 

attack , are subsequently removed not by dimerization (combination) but by 

disproportionation. Of course, disproportionation involving RC(OH)NHCIIR2 

and the a-carbon radical would lead simply to a,reconstitution of the parent 

peptide, 

(8) 

However since the reduced radical RC(OH)NHCHR2 is an amine specie~ it is 

likely to be ~n an adduct form in the presence of high concentrations' 

...... - ',. ... '" 
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of the peptide 

. RC'( OH)NCHR2 • 
~ .'-1 

.. RC( OH)NHCHR
2 

. (9) 

(i) 

Removal of the adduct radic13.1 ( i) vi!3- the' analogue of reaction 8 leads . to 
' .. 

formation of a Schiff-base (I-) which as shoiffi in 'Eq;. 10.' can rearrange to 

give alanine and diacetylalanine8 

RCONCHR2 I ~ 
RC (OH)NHCIffi2 

.. 
(lq) . 

(I) 

The diacetyla:mines are labile with respe'ct -to the hydrolysis 

.:. 

(.11) 

Our measurements of G(acetic) are in good agreement with this formulation. 

He find that the yield of free acetic acid is 10w,.G·~ 0.3, and, we 'also find 

that on mild differential hydrolYSis Of the irradiated solution additional . 

acid is liberated to give G(acetic) ~ 1.5 ~ G(alanine). 

A detailed account of this work is in preparation and will appear 

in a forthcoming publ~cation. 

~ ". , I ' • 

• 
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. : ".~.' ':' Footnotes .and References .. ·',· .... :'~ . :','- . ~: 

I • • ,'. : .: •• ' ;. ~ 

• . '.', •• ' .. ' • '.. "_'~ '.' ~ '" .: : '. ....',. ", . '. I". 

This work~as'doneun:der'the auspices, of:the U.~ s. , Atomic EnergY',Commission. 

, ..... ; .. ' .. 

" ~ 

" Alanine was id~ntified chr'omatographicaliy and,assayed 'by the"ninhydrin" 

.. ; 
,; : 

posi t,i ve'," a' correct.ioi:r,wasinade on the basis of a' standard ammonia assay 

after the method of Conway .. 

(3) C. J. Rochanade1 and R. Casey [Radiation Re~.~5 198(1965)] report'the 

following 100 ev yieldfor'reaction 1: 'GOR=2~59, 'Ge-'~2.58~ GR=0.55, 
aq 

GR =0.45, GR 0 =0.72., 
222 ' 

(4) For a recent compilation of rate data 'see: M., Anbar and P. Neta; J. Appl. 

Radiat. Isotopes 17493 (1967). 

(5) R. L.S. Willix and W.M. Garrison, UCRL~17285, Radiation Res., in press. 

(6) M. A. ;y. Rodgers and W. M. Garrison, UCRL-17886, ,J. Phys .. Chem., submi tt~cli' 

(7) a. B. M. ,\ieeks, S. A. Cole, ,and W. M. Garrison, J. Phys. Chem. 69 4131 (1965) , 

b. W. M. Garrison and B. M. Weeks, Radiation Res., Suppl. 4, 54 (1964 ). 

(8) Product I could, of course, be formed through combination of RC(OH)NHCHR2 ' 
. 

with nitrogen radicals of the type RCONCHR. The latter are pot produced 

through OR attack (ref. 7b) but we cannot rule out the possibility that 

such species may be formed through IIdirect-action ll processes at high 

solute concentrations. 
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Figure Captions 

Fig. 1. G(alanine) as a function of acetylalanine conce~tration in oxygen-free 

solution at pH 7 under ~ rays. Insert: Reciprocal yield plot of 
/la 

G(alanine) as a function of chloracetate concentration in ~ acetylanine. 



.. 

........ 
. 1;) 

r: 
c 
c; 

<.( 
....... 
c.Q 

1-' ---' ~r-:
I 

1.0 -

6.0 

Q) 

c: 4.0 -.~ 

c: 

0.5-
0 

<! 

~ 2.0 
'-

0.5 

-7- UCRL..,17930 

---,- . -,----_. _._---:--y--. 

.~-. 

10 
Chloracetate (M) 10 3 

.1.0 1.5 

....... 
4t 

20 

Acetylalonine (M) 
Figure 1 XBL6711- 5565 

G(alanine) as a function of acetyla.lanine concentration in oxygen-free 
solution at pH 7 under ~ rays. Insert: Reciprocal yield plot of 
G(alanine) as a function of chloracetate concentrai:;ion in ~ acetylalanine . 
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