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ABSTRACT 

Chemical trapping of e at the carboxyl group of the a-amino acids 

leads t·o formation of ammonia and fatty acids via dissoCiative cleavage of the 

N-C bond: e Such reaction 

represents a major path for removal of e formed in the y-radiolysis of glycine 

and alanine both in aqueous solution and in the solid state. We have now in-

vestigated the role of reductive deamination in the y-radiolysis of the di 

and tri peptide derivatives of glycine and alanine. The evidence. is that in 

these systems the peptide linkage represents th_e effective trapping center: 

- + . + .. - . 
e + NH

3 
CHRCONHCHR

2 
~ (NH

3 
CHRC(O )NHCHR2 ) ~ NH

3 
+ CHRCONHCHR2 • In the 

y-radiolysis of dilute. o2-f'rP.e. solutiono of glyc:ylglycine and al.anylalanine 

we obtain G(NH
3

)f ~ G(acylamino acid) ~ 3 ~ G _. The same products in 
ree e 

essentially the same yield are also obtained in the y-radiolysis of these 

dipeptides in the solid state. The triJ:>eptide derivatives show analogous 

reactions. A detailed comparative analysis of the radiation chemistry of the 

amino acids, glycine and alanine, and th.eir respective peptide· derivatives is 

given. 
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Radiolysis of the simpler a-amino acids leads to deamination as a. 

·major chemical consequence both in aqueous solution and in the ·solid state. 3 

4 In aqueous solutions of glycine and alanine the ionization step 

is followed by3d• 5 

+ H
2

0 ~> H, OH, e aq 

(l) 

( 2) 

. 3d 
Subsequent steps yield fatty acid and keto acid as major organic products 

CHRCOO + NH;CHRCOO- .> CH
2

RCOO- + r-rn;CRCOO- ( 3) 

+· - + - + - (4) 2 NH
3

CRCOO > NH
2

=CRCOO + NH
3

CHRCOO 

H 0 
2 

+ -
+ NH

2
=CRCOO 

+ 
> NH 4 + RCOCOO • ( 5) 

to give G(NH3) ~ G(fatty acid) + G(keto acid)·~ 5. 

The yield for reductive deamination by e can be measured directly 
A.CJ. 

3d . . 
through use of second solutes which are highly reactive toward OH but rela-

tively unreactive toward e 
aq Formate ion6 is such a solute and the effects 

of increasing formate concentration on product yields from 0.5.M glycine 

colution are shown in Flg. l. We see that G(NH
3

) drops rapidly with increasing 

formate concentration and then level::; uf'f at a limiting value which is a meas-

ure of the reductive deamination reaction 1. Consistent with this is the 

finding that the keto acid yield goes to zero with increasing formate while 

the fatty acid yield is essP.nt.i A.lly unaffected ac chown. Similar result::; ct.re 

uu L~:~.lued with OUH~'t simple aliphatic a-amino ?-cids. 
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Reductive deamination is not, however, a general and characteristic 

reactio~ of amines per~· Simple unsubstituted aliphatic amines 7 and 8-amino 

' 3d 8 . 
acids, ·' for example, do not show the reaction. The evidence is tha.t for 

reductive deamination by e- to occur, ari unsaturated double bond must be 
. aq ' . . ' 

. . . +. 3d 8 
pre'sent a to the NH•? group. • 

. _). 
The electron adds to the double bond and 

' 

disso'ciation of the N-C linkage ensues. For the a.-amino acids we. wri te5 •9 

0 

rm;cnnc~~- , T ·"" ( 6) !::! .+ ,[II.H r 'l{Rr-~ • 
aq ~- ......... -

- 0 
o- .· 0 

NH+ CHRC (' NH3 
. -'/ 

( 7) :> + CHRC, _ 
3 ' -0 0 

These observation·s suggested t,o us that reactions analogous to steps 

6, 7 are also involved in the radiolysis of these compounds in the solid state. 5 

. 10 11 . 12 13 And, recent chem1cal ' and phys1cal • observations indicate such reactions 

t;l.rP. i nd.eed of importance in the y-radiolysis of the simple a-amine acids a::; 

solids; 'The observed chemistry conforms to the over-all reaction scheme 

(8) 

( 9) 

CHRCOO (10) 

+ -
·t- NH

3
CHRCOO ( ll ) 

+ 
> NHJ

1 
+ RCOCOO (12) 

We now i'ind that the llu-=ar di, tri, o.nd tetra peptide dP.ri vati ves of 

glycine and alanine undergo analogous reductive deamination reactions. 

• 

j 
' 
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In the y-r~diolysis of "these oligopeptides in oxygen-free solution we 

find
14 

G(NH
3

). ~ 3 at solute concentrations above 0.05 M. t:;oncentration yield 

curves for diglycine and triglycine are shown in Fig. 2. Addition ·of formate 

to these systems results in a small decrease in G(NH
3

) but the effect is not 

large even at formate concentrations sufficient to quantitatively scavenge the 

OH radicals as shown in Fig. 3. The e~idence is (a) that esse.ntially all of 

the free ammonia liberated in radiolysis of these oligopeptides arises as a 

consequence of reductive deamination and (b) that e in all of these systems 
aq 

is preferentially trapped at the C=O function of the peptide linkage a to the 

+ NH
3 

group. Radiolysis of these oligopeptides in aqueous solution may be 

formulated as follows 

CHRCONHCHR2 + NH;CHRCONHCHR2 

where the peptide radicals 
+ . 

NH
3

CHRCONHCR2 

e aq 

> NH
3 

+ CHRCONHCHR
2 

(13) 

(14) 

formed in reactj.ons 14 and 15 are 

subsequently reii).oved through dimeriZation (cross-linking) to yield the diamino-

. . "d d. . t. 15 succ1n1c ac1 er1va 1ve . In accordance with the above formulation we find 

that ac~Lylglycine and acetylglycylglycine ar~ formed as major products in the 

. 16 17 
ro.U.iolysis of aqueuus diglycine and triglycine respectively. Hydrolysis of 

the irradiated solutions. liberates acetic acid in the yields shown in Table I. 
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·Corresponding data for the solid state systems are shown in Table II. 

Here again acetylglycine and acetylglycylglycine are formed as major products 

from diglycine and triglycine. · The products of Table II may be accounted for 

in terms of the formulation, 

e· + NH~CHRCONHGHR~ 
- c. 

> NH
3 

+ CHRCONHCHR?. 

• + 
CHRCONHCHR

2 
+ NH

3
CHRCONHCHR

2 
( 1.8) 

where NH~CHRCONHCR2 represP.nts the long-lived peptide radical observed 

at room temperature by 
18. 

esr methods. 

Although both diglydne and triglydne on irradiation ao solids give 

G(NH
3

) ::: 3, the value decreases to rr(NH
3

) ::: 2.3 with tetraglycj_ne. With 

polyalanine (MW-2000),G(NH
3

) ::: 0.5. With increasing molecular weight C=O 

grG1.lp~ :;~t. pPpt.i <'lP. linka.ges other l:.han the. one a to the termj:na:L NH; gruu{J 

compete as trapping centers .fur t:!-. Ouch trapping al'-'Ill) t.h,:. pF:pt.:i.dc chain 

does not however.lead to chain· cleavage as has been noted e~sewhere. 19 

I. 
v 

•· 

.) 
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Table .I. Product yields_ in the y-radiolysis of diglycine and. triglycine 
in 0.1 ~oxygen-free solutions. 

Yield G 

Compound Ammonia Acetyl derivative 

Diglycine 3.1 

Triglycine 2.8 2.0 

Table II. Product yields in the y-radiolysis of diglycine and triglycine 
in the solid state (evacuated). 

Yield G 

Compound Ammonia Acetyl derivative 

Diglycinc 4.5 3.4 

Triglycine 3.1 3.2 

I. 
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FIGURE CAPTIONS 

Fig. 1. Product yields from 1.0 M alanine as a function of sodium formate 

concentration in oxygen-free solution of pH 6.4 under y radiolysis. 

Ammonia (e), propionic acid(~), and pyru~ic acid (•) (Ref. 3d). 

Fig. 2. Effect of diglycine and triglycine concentrations on ammonia yields 

from oxygen-free solutiUHt:i at pll 5;8 under. y rR.diolysis . 

.J:<'j.g .. 3. Effect of formate cuuL~t=L! tl·ation on o.rnmoni:;~. yi P.lds in the y radiol-

ysj.s of 1.0 t!_ glycine (0) and 0.20 !i glycylglycine (e) in oxygen-fr·ee 

solution at pH 6.5 (Ref. 8). 

I· ,. 
' 

. J ,.. 
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· • Glycylglycine 
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Fig. 3 
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