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Compounds containlng the. peptide bond undergo chemlcal degradatlon at
the N-C llnkage on. 1rrad1atlon in aqueous solution under oxygen The schematics';“

of the radiation-induced reactions are given by} -

H,O fmmem> H', €7 , OH. - - (1)

>HO; +OHT .. - (2)

. OH * RCONHCHR, ——> H,0 + RCONHCR,- ' = (3)

P

+ P .
0, + RCONHCR, -

?ﬂquNHC(02)32 'V”',:' | (&)

Hoé\+ RCONHc(oz)R’ ——> H0; * o + RCON—CRéu. - (5)

Ay

—> H,0, + O, + 2RCON=CRY, (e)

, ERQONHC(Og)dz‘d
BHO, ——>H0, +0, (1)

t

 The dehydropeptidee QRCON=CR§z; _asaagclass"are-feadily'hydrc;yzgd’g'fivﬁ,j r“'* ﬁ%qffv

AURCONSCR, + 2Hp0 ————> RCOOH + NHj + R,C0 - li"7f(8).’”



e wmeans

in dilute mineral ac1d under the conditions conventionally employed to liberate'f-

‘ 1,2
ammonia from organic amides. ’ Hence, regardless of the relative rates of

reactions 5 and 6, each RCONHCR radical yields one molecule of ammonia on

hydroly51s of ‘the irradiated system 5. The overaall st01ch10metry of steps 1

to 7 plus the hydrolys1s steps’ is given by

- RCONHCHR,, + 0. + 2H,0 ~———> RCOOH + NH, + R,CO + H_O. (9).

We report here a study of the Yy-ray 1nduced oxidatlon of poly-a-L glu—
tamlc ac1d (PGA) over the pH range 3. 5 to - 9 Dilute;solutions of PGA‘(PllOt
chemicals,_Lot G-9, molecularvweight,rlhO,QOO)MV} were purifiedvby prolonged

dialysis, adjusted'totthe desired pH'value through addition of NaOH or'H 504

and 1rrad1ated under oxygen at one atmosphere in sealed pyrex tubes at a y—ray '

dose-rate of 1.2 X lO18 eV/gm min. The tubes were rotated at intervals to -

prevent depletion of oxygen in the liquid phase. A series of control runs -
established the time and speed of rotation required to insure the presence of -
excess oxygen under all conditions of pH (PGA below pH'hais metastable and 8

pre01p1tation occurs. 1f the solutlon is agltated too vigorously) Following .

1rrad1at10n, the solutions were made 2 N in H, SOu, hydrolyzed under nitrogen -

:5_

' L
for 3 hours at lOO C .and assayed'fOr ammonia .and carbonyl products
Alpha ketoglutaric and pyruvic ac1ds were 1dent1fied as the major carbonyl
products Acetaldehyde and glyoxylic acid were detected in low yield vThe

validity of the analytlcal procedures was established through analys1s of j

‘“known mixtures of- the four carbonyl products

™

Product yields from O 15 percent PGA solutions over the pH range 3. 5
to 9vare summarized in Fig. ‘1. It is seen that the yield of ammonia and the

combined yield of Q-keto acids increase'abruptly to”their maximum values with
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- uhere >CHCH CH COOH represents the 51de chain of the glutamic acid reSidue

increasing pH over the, narrow range pH h 5 to pH 6;f That thlS effect is

not a result of incomplete scavenging of OH radicals at pH < 6 is shown by the

fact.that product,yields at_both pH 4 and pH 7,are'independent of the PGA‘con-~

centration from 0.15 percent down to at least .015'percent. -Nor does 1t appear

that the sharp break 1n the pH-yield curves is directly related to- changes~1n :

hydrogen-ion concentration or degree of 1onization of side-chain carboxyl
'groups, per se. ThlS is shown by results. obtained with N- acetylglutamic a
-methyl ester,_a radiation chemical model for the single re51due segment of the . -

PGA chain, ammonia and carbonyl yields from .05 M solutions of’ this low-molec-'uf‘*‘

ular- weight peptide derivative of glutamlc ac1d are essentially 1ndependent of

,‘pH over the- entire range, pH 3. to 8 w1th G(NH ) = G(>C O) N

The data ‘of Fig 1 show that G(pyruv1c) increases sharply with G(NH )

.w1th 1ncrea51ng pH. from 4.5 to 6 whereas the yield of o-keto- glutaric is es-;

sentially pH 1ndependent in accord with the schematics of’ equations 5 and 6

The ev1dence is that pyruvic acid (plus ammonia) arises from a parallel reaction :

involving OH attack at a locus‘other than the peptide.chain After a detailed

- . consideration of the pos31ble chemical consequences of OH attack at each of the .

various C-H bonds -of the glutamic acid reSidue, we conclude that pyruVic ac1d :
is produced as &a consequence of OH' attack at the C-E' bond a to the 51de chain - =

carboxyl group. Cons1der.the reactions:

OH + >CHCH,,CH,_COOH

2CHC 2,H20_f“>cacnzcaco0H-;’11;», (10) .

o2 + >CHCH20HCOOH — >CHCH CH(O )COOH 5f;;-ff‘j_(1i):‘,

i Peroxy radicals of the type formed in. reaction ll are relatively long-lived

and we suggest they are subsequently.removed through the competing reactions:;hsffi,@”
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 HO, t >CHCH, CH(O )COOH —_— o + >CHCH CH(OOH)COOH f' (12)
and . |
2 >CHCH,CH(,)CO0H ———> LR+ (coom),, +
a : ' . v o o ’
->CHCHECH(OOH)COOH , - (13)-

Degradation reactions akin to reaction 13 have been described by Russell6 and

by Durup et al. 7_vIt is seen that the product ‘>C=CH ~in the above nomencla- :

ture corresponds to the acryllc ac1d derlvatlve RCONHC(—CH )R (a tautomeric

- form of the dehydropeptide,.;JBCON=C(CH5)R) which on hydrolysis yields ammonia =
_and pyruﬁic-acld( _And, we conclude from the results obtained with N-acetyl
.. glutamic-0 methyl ester that the relative ratés of reactions 12 and 13 are

vessentially independent of the degree ofvionization of the reacting species

over the pH range 3 to 8.

Now, to explain the pronounced effect of pH on G(NH ) and G(pyruv1c)

l from PGA we note first that a unique characterlstic of the radlation chemlstryA
of a_macromolecular substance in aqueous solution is that each molecule undera _

goes reactlon with a relatlvely large number of OH radicals even at the lowest‘i

practicable dosages. For example, with a O. 15 percent solutlon of PGA -a y-ray

. © _dose of 3 X 1018 eV/gm produces but one. OH per 100 glutamlc acid res1dues but

\

at the same tlme th1s corresponds to about 20‘OH radlcals per PGA molecule

(140,000 MW). However; since PGA above pH 6 has the randOm coil_Configuration,«

the various segments of the macromolecule are free to interact both inter-

molecularly and 1ntramolecularly and we find at pH > 6 no essentlal dlfferences;

)

between the macromolecule and the low-molecular welght model from the stand- ‘.'p
point of product ylelds. But, as the pH. of the solution-is decreased,.PGA s o

. undergoes a coil —>hellx tran31tion over the pH range 6 to 4. W_wnichvas we

have noted is the- signlficant pH range of Flg 1', With PGA in the ‘helix form,

the peroxy radicals are frozen in a fixed spatial arrangement and it is obviousmfep»“;-“.

Sl UCRL-ii75$ |
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 that the-probab.ility of react_ion 15 is greatly, reduéed; heh_ce reaction 12 1s
favored and as a result G(NH3) arid G(pyruvic) décrea_se as seen in Fig. 1'9 DI h
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* Effect of pH on the yield of

‘Ketoglutaric actd (G) in ther

acid. G = molecgléé/ipo ev. .

e

total d;kefp!acidéi(o)‘ahd’gf';u'1“*”

v

-padiolysis of_O,l5‘perc¢nt'éﬁi}ﬁé@ifglutaﬁic; '

. - .
' - .
' o \
- R .
. i
RO
i~ . *
.
§

.
!
. ; N
! X
PR . .
|
\
.
p
A 3 - PR - . N . . .
oo, ST . . U

R




-8- UCRL-11733

Errat a

MUB-4299

Fig. 1



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

* mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,

or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








