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REDUCTIVL DEAMINATION IN THE RADIQOLYSIS OF OLIGOPEPTIDES IN

AQUEOUS SOLUTION AND IN THE SOLID STATEl 2

Winifred Bennett-Corniea, Harvey A. Sokol and Warren M. Garrison
Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

January 1970

ABSTRACT
Chemical trapping of e at the carboxyl group of the o0-amino acids

leads to formation of ammonia and fatty acids via dissociative cleavage of the

3 3 3 2

represents a major pafh for removal of e formed in the Y-radiolyéis of ‘glycine

4 - + - M = - -
N-C bond: e + NH CHRco2 + (NH +CHRC02 } > NH_ + CHRCO. . Such reaction

and alanine both in agueous solution and in the solid state. We have now in-
vestigated the role of reductiQe deamiﬁation in the ~y-radi61ysis of the di
and tri peptide derivatives of glycine and éianine. The'evidence.is that in
these systems the peptide linkage'rebreseqts the effective trapping center:
e + NH3+CHRCONHCHR2 > (Nﬁ3+CHRé(o’)NH¢H32) > NH, + éHRCONHCHRe. In the

Y-radiolysis of dilute, Oz-free solutiono of glycylglycine and alanylalanine

we obtain G(NH.)

3 free = G(acylamino.gcld) =3 ~G_. The same products in

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

dipeptides in the solid state. The tripeptide derivatives show analogous.

reactions. A detailed comparative analysis of the radiation chemistry of the
amino acids, glycine and alanine, and their respective peptide- derivatives is

given.

lEGAL NOTICE————-:——

This report was prepared as an nccount of Government sponsored work. Neither the Unlud
States. por the Nammiasion, now any porsva avitug va bebaif of e Commission:

] A. Makes any warranty or representation, expressed or implied, with respect to the ageu-
racy, completeness, or usefulness of the informstion contalned in this report, or that the use
of any fnformation, apparatus, method. or Pracasa dlarinsad in thio roport may ot Infy lnuu R
privately owned rights; or l

B. Agsumes any liabilities with respect to the use of, or for damages resulting trom the
use of any Information, nppammn method, or procesa disclosed in this report

i with the Commissaion, or his employment with such contractor. t

| i [z

As used in the above, “‘narann scting an habelf of the QaZiTilivbun'® livludes auy:pwme
ployee or of the C or employes of such contractor, to the extent unl . . B
. such or of the Ci or of such prepates, . .
t disseminates, or provides access to, any lnformation pursuant to his employment or coniract ! . DBmUTION OF THIS Docm{EN'r IS U'N‘[M’mn

=



1- ' : .. UCRL-1950L

Radiolysis of the simpler a-amino acids leads to deamination AS'a. -

-major chemical cohsequence both in aqueous solution and in the solid stat¢.3
In aqueous solutions of glycine and alanine the ionization step
+ - .
HQO_—AA——> H, OH, eaq s
is followed by3d’5 i
e” + NH CHRCOO™ > NH, + CHRCOO™ (1)
aq 3 3
+ - . -
OH + NH_CHRCOO™. > Hy0 + NH,CRCOO™ . (2)
- Bubsequent steps yield fatty acid and keto aéid as major organic produc£s3d
. _ + _ _ _
CHRCOO + NH3CHRCOO -> CHZRCOO + NH;CRCOO (3)
+: - + - + -
2 NH,CRCOO > NH,=CRCOO™ + NHCHRCOO (L)
H,0 + NH,=CRCOO > NH) + RCOCOO™ (5)

to give G(NH3) = G(fatty acid) + G(keto acid) = 5.
The yield for reductive deamination by e;q can be measured directly

through use3d of second solutes which are highly reactive toward OH but rela-

tively unreactive toward e;q. Formate ion6 is such a solute and the effects

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

_colution are shewn in Fig. 1. We see that G(NH3) drops rapidly with increasing

formate coneentyation and then levels off at a ;imiting value which is a meas-
ure of thé réductive deamination reaction 1. -Consistent with tﬁis is the
finding that the keto acid yield_goes to iero with increasing formate while
the fatty acid yield is essentially unaffected ac chown. Siﬁilax results are

vblaulned with other simple aliphatic o-amino acids.
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Reductive deamination is not, however, a general and characteristic

reaction of amines per se. Simple unsubstituted aliphatic amines7 and B-amino

i

acid§,3d’8 for example, do not show the reaction. The evidence is that for
reductive deamination by e;q to occur, an unsaturated double bond must be

present o _torthe NH: group.3d’8 The electron adds to the double bondland
. “ . ' s “ R o ' ' \ ' ' 1
dissociation of the N-C linkage ensues. For the d-amino acids we‘writes’9

- + U + ./0_

¢ .+ NI CIIRQZ’ = NH,UHRC® ‘ (6)
ag 3 0 -3 Noo

o™ - 0 .

+. s oo

NHJCHRC{ _ ——> NH, + CHRC _ . (7)

0 0
These observations suggested to us that reactions analogous to steps

>

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

And, recent chemicallo’ll and physicallz’13 observations indicafe such reactions
are indeed of jmportance in the y-radiolysis of the simple a-amino acids us’

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

NHECHRCOO_ —4$f—>'NH;éRCOO_ +H + " (8).
e + NHECHRCOO— > NH, + CHRCOO™ | (9)
CHRCOO™ + NH;CHRCOO— > CH,RCO0™ + NngéRcoo' (10)
- o+ - + - 4
2 NHZURCO0 ——=== NH_=CRCOO™ + NH_CHRCOO (1)
. + - + -
H,0 + NH,=CRCOO > NH) + RCOCOO . (12)

We now tind that the linear di, tri, and tetra peptide derivatives of

glycine and alanine undergo analogous reductive deamination reactions.
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In the Y-radiolysis of'these oligopeptides in oxygen-free solution we

1k

find G(NH )'= 3 at solute concentrations aBove 0.05 M. Concentration yield -

3
curves for digiycine and triglycine are shown in Fig. 2. Addition of formate
to these systeﬁs results in a small degrease in G(NHB) but the effect is not
large even at formate conéentrations sufficient to quantitatively scavenge the
OH radicals as shown in Fig. 3. The eﬁidence is (a) that esseﬁtially all of

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

consequence of reductive deamination and (b) that e;q in all of these syétems

is preferentially trapped at the C=0 function of the peptide linkage a to the

+
3

formulated as follows

NH, group. Radiolysis of these oligopeptides in agueous solution may be

H.,0 —W—> Hf OH, e_
aq

2
- + .
®aq + NH_CHRCONHCHR, > NH, + CHRCONHCHR, (13)
OH + NH CHRCONHCHR,, > NH.CHRCONHCR, + H,.0 (1k)
3 2 3 2t s
CHRCONHCHR,, + NHCHRCONHCHR, > CH,RCONHCHR, + NH3CHRCONHCR, (15)

3 2

subsequently removed through dimerization (cross-linking) to yield the diamino-

. + . X
where the peptide radicals NH_CHRCONHCR formed in reactions 14 and 15 are

succinic acid derivative.15 In accordance with the above formulation we find
that acelylglycine and acetylglycylglycine are formed as major products in the
radiolysis of agueous diglycine and triglycine fespectively.16 Hydrolysis17 of

the irradiated solutions. liberates acetic acid in thé yields shown in Table I.
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-Corresponding data for the solid state systéms are shown in Table IT.
Here again acetylglycine and acetylglycylglycine are formed as major productsA

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

o

in terms of the formulation,

+

_NH3

+ . -
CHRCONHCHR2 —W—> NH3CHRCONHCR2 + H+ + e (16)

> NH. + éHRCONHCHRP (7).

e” + NH.CHRCONHCHR,.
3 2 3

CHRCONHCHR , + NH+CHRCONHCHR2 —> CH_RCONHCHR, + NH.CHRCONHCR

2 3 2 2 3 (18)

2

+ - ' | -
where NHSCHRCONHCRO . ‘represents the long-lived peptide radical observed
at room temperature by esr methods.l8

Although both diglyciﬁe and triglycine on irradiation as solids give

G(NH3) = 3, the value decreases to G(NH3) = 2.3 with tetraglycine. With

polyalanine (MW-2OOO),G(NH3) ~ 0.5. With increasing molecular weight C=0

groups at pephide linkages other Lhan the one o to the terminal NH; group
compete as trapping ¢enters fur e . Ouch trapping alony the peptide chain
19

does not however .lead to chain‘cleavage as has been noted el&eéWwhere.
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Product ylelds in the Y—rad101y51s of d1glyc1ne and triglycine
) in 0.1 M oxygen-free solutions.
Yield, G
Compound 4 Ammonia Acetyl derivative
Diglycine 3.1 2.5
'~ Triglycine : 2.8 , .. 2.0
Table II. Product yieldsAin the y—rédiolysis of diglycihe and triglycine
in the solid state (evacuated).
Yield, G
Compound o Ammonia . Acetyl derivative
Diglycinc : 4.5 L 3.k
Triglycine » ‘ 3.1 3.2
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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.

1 MOhia (@), propionic acid (A), and pyruvic acid (M) (Ref. 3d).

Fig. 2. Effect éfEdiglycine and triglycine concentrations on.ammonia yiélds
from oxygen—free‘solﬁtiuus atpr 5.8 under . Yy radi&ly§is.

Yig. 3. 4Effect of tormate councentration on ammonié yields in the Yy radiol-
vsis of 1.0 M glycine .(O) and d.20 M glycylglycine (@) .in oxygen-Tree

solution at pH 6.5 (Ref. 8). ' .
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