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Man Sik Kang
(Dept. of Zoology, Seoul National University)

MRl fA{E Tk R Tl A 4

Ja
ESS

IR

[ Glyeylglyeylglycine®) Ji it 55 i
il

A&k -z - BEFD

(Received September 28,1970)

i =
it Hos -3 peptide #5459 -89

Fo TR 4ls M%ﬂ“ﬂﬂﬂﬂ%‘w%\
BRI 0421 2zrbEmehi R g w, (.albonyl 134
#} amide ihow 73 Q}CAP_‘H He bk 43k

3 spectrum £ ole] A E &,

'Jepude f5rel &9 71 P& =Ema Aot glm Aoz oA

57 prel deivkel wbel Al FAAlE FAE AR

TN

INTRODUCTION

The reaction mechanisims for the radiolysis of

bond in oxvgenated and oxvgen-

the peptide
free solutions vere suggestad by Garrison et al.
(1962 a,b),

N-acylalaninz and proteins

who irradiated  N-acvlglycine,

{or their radiolytic

ctudy, based on the vields and types of products
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The fundamental reaction proposed by Gar-
rison and Weeks(1962 b) in oxygenated soluti-
ons of acetviglycine were rupture of the paptide
bond under formation of amide of the N-term-
inal and the carbonyl derivative of the C-term-
inal amino acid. In oxygen-free solutions they
observed similar cleavage products of peptide
bond besides recombination on carbon-2, yielding

diaminosuccinic acid and aspartic acid from

*This work was suprnorted in part by a grant from the Research Foundation, Seoul National University.
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irradiated acetylglycine, diaminosuccinic acid
being the major product. They were concerned
more specifically with radiation induced reacti-
ons of the peptide bond using convenient com-
pound, both in solution and in the solid state.
Thevy were lead to the conclusion that the
observed reactivity of a-carbon locus might also
be a factor in the radiation chemistry of the
solid state. And, as part of their earlier studies,
they found through application of the analytical
methods developed for aqueous protein systems
that irradiated solid pepsin and gelatin(evacua-
ted) on dissolution in water do indeed yield
high-molecular weight compounds containing
the carbonyl function (Jayko & Garrison, 1958).
Subsequent hydrolysis of the products showed
the constituent carbonyl compounds to include
a-keto acid. Hence, they tentatively proposed
that dehydrogenation followed by hydrolysis
could be involved.

Hatano (1860) found formation of a-ketoiso-
valeric acid as well as of pyruvic acid by
irradiation of alanylvaline soluticns, contradict-
ing Garrison’s observation.

Liebster and Kopoldova(1966) determined the
products of radiolysis of eleven dipeptides and
tripeptides before and after hvdrolysis of the
solutions irradiated in the presence and in the
absence ol oxygen, showing an essential differ-
ence In the radiation chemical reactions in
oxyvgenated and in oxygen-free soiutions.

Studies of Alexander and Hamilton (1960)
and Bowes and Moss (1962) appear generally
to confirra the idea that a major chemical effect
ot lonizing radiation of protein in the solid
state leads 1o degradation of the pentide chain
with formation of amide ammonia and carbony!
procucts, both in the presence and in the ab:e-

nce of oxyvegen. However, concepts of the naiure
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of the elementary processes involved remains
largely speculative.

The present study aimed at the elucidation
of mechanisms for the gamma-degradation of
both aerated and degased glveylglyeylglveine in
solution and in the solid state, since the

results could contribute information on the rad-

iolytic reactions of proteins.

MATERIALS AND METHODS

Glycylglyevlglycine used in the irradiation
experiments was chromatographically pure grade
from Mann Research Laboratory.

Degasing of glyeylglyeylglyeine in solution
and in the solid state was performed in a Pyrex
thimble connected with joint to a vacuum line
which was equipped with a vacuum pump, oil
diffusien pump, and Pirani vacuum gauge
control. 3 ml each of 30mM solutions or equiv-
alent amount of solid was taken in a thimble
and placed under a vacuum of 107°mmHg, in
which the thimble was chilled to -186°C by
applyving liquid nitrogen; then the thimble was
fire sealed off.

Aqueous sclutions and solid zamples were
irradiated in a ““Co y-source at the Atomic
Enerey Research Institute with a total dose of
1. 84>10° ev,/ml, at a dose rate of &. 2710

ev/h. For the irradiation in the presence of

oxvgen, solutions and the solids were

1
¢

er

stoppered with pin-holed aluminum {oil in orc

N

that the exvgen might diffuse ints the thimble

during irradiation.

her subst-

The decrease of the ir

1

ance was aetermined by paper matography

of the irradiated solusions and elution

of the spots (Cirl, 1633), and colorimerrizc est-

imaticn. Gther decomposition

preaucts orf  the

frradiated  ¢iverlglveviglevine afier hvdrolvsis
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were isolated from the irradiated solution by
means of two-dimensional chromatography with
the aid of reflerence compounds. Hydrolysis was
performed in the usual way with 6N HCl at
105°C {or 4 hours.

Carbonyl compounds were determined by

spectrophotometry of their atkali alcoholic 2, 4-

dinitrophenyihydrazones(Lappin and Clark,1951).

Corresponding amide groups were determined

by boric acid-hydrochloric acid procedure

after hydrolysis with 3N H,S0, (Conway, 1962).

Amide-like ammonia was determined by
subtracting the free ammonia liberated in the
solution. Ammonia liberated was determined by
the diffusion micromethod of Conway(1933).

The spectra of unirradiated and irradiated
glyevlglyveylglyeine solids from 2.5 to 25 micr-
ons were obtained with a Tadco Model IR-G
infrared spectrophotometer equipped with sodi-
um chloride optics. The potassium bromide was
of spectro-grade and obtained from the E.
Merck Company. It was used without further
purification and stored in a desiccator over
calcium chloride when not in use. The disks
were prepared by grinding approximately 15mg
of the sample in 200 mg of potassium bromide
in agate mortar {or 10 minutes. The resulting
fine powder was placed in a sample die consist-
ing of a stainless steel shell and two plungers.
It was then connected to a vacuum pump for
10 minutes and pressed in a Carver laboratory
press to a gage pressure of 430 Kg/cm? After
pressing for 10 minutes, the disk was removed
and a spectrum obtained. The instrument was
calibrzted using polystyrene as a standard pre-
scribed by the manufacturer.

Ultraviolet spectra of unirradiated and irrad-
iated solutions and solids were obtained using

MPS-50L multipurpose recording spectrophoto-
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meter.

RESULTS AND DISCUSSION

Paper chromatography of irradiated solution
before hydrolysis showed four ninhydrin-positive
compounds as shown in Fig. 1. The largest
spot was undegraded mother substance and the
rest three were degradation products. In case of
solid, however, no degradation product was
detected. Decrease of mother substance by
7-radiolysis was determined by elution and spe-
ctrophotometry. In Fig. 2 are shown abs-
orption spectra of eluted chromatograms sh-
owing gradual increase in rupture of peptide
bond in the order of SA, LD, and LA and
identical three absorption peaks at 410, 470
and 515my for all the samples. From this spe-
ctrum 4 ., was determined to be 515 my and
the quantitation was performed at this wavele-
ngth. From the' absorbance G values are obta-
ined to be 2.44, 2.36, 0.26, and 0.23 for
oxygenated solution (LA), deoxygenated solution
(LD), oxygenated solid(SA), and deoxygenated
solid (SD), respectively.

In view of these results, it seems to be that
the contribution of oxygen in peptide bond
rupture is not significant since degradation of
mother substance of both oxygenated and deox-
vgenated solutions is quite similar. This tende-
ney 18 not an  exception for the irradiated
solids either.

Two-dimensional chromatography of LA and
LD after hydrolysis revealed the presence of
two spots for the former and five spots for the
latter. The presence of diaminosuccinic acid
was typical for LD indicating the recombination

of the free radicals to occur as suggested by
Garrison et al. (1962 b).
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Fig. 1. One and two dimensional chrematograms of irradiated triglycine with a dose of
1.84%10% ev/ml of 7-rays of Co using three different solvent systems.

9NH,CH,CONHCH,CONHCHCOOH->
NH,CH,CONHCH,CONHCHCOOH

NH,CH,CONHCH.CONHCHCOOH
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Fig. 2. Absorption spectra of eluted chromato-
grams of triglycine and irradiated triglycine
with a dose of %°Co y-rays of 1.84%10%ev/ml.

hydrolysis of the recombination products yields

diaminosuccinic acid and glycine:

NH,CH,CONHCH,CCNHCHCOOH
|

NH,CH,.CONHCH,CONHCHCOOH

NH.CHCOOM
—{NH.CH,COOH-+ |
NH,CHCOOH

Carbonyl {formation is typical for solutions,
being negligible {or solids as 1s evident from
Fig. 3. Quantitative determination was done at
470my emploving acetone as a standard for
monocarsenyt functien. Total carbony! {unctions

expressed ax G wvalues are 0,92 and Q.70 [or

LA and LD, resnectively, and no carbonyl fune-
tion was deicetable in case of solids, Dboth of

oxvgenated and droxveenated. These resuits

indicate the pessible invelvement of different

radiolvtic mechanisms in scluticn and in the
solid state. This finding is unconsistent with
the results obtained by other werkers (Jayko
and Garrison, 1958), who found irradiated solid
pepsin and gelatin (evacuated) on dissolution in
water vield compounds containing the carbonyl
function, which on hydrolysis of the products

showed the constituent carbonyl compounds to
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include a-keto acids.

In view of this fact, the present result on
carbonyl function in solid radiolysis reached a
conclusion that the carbonyl groups produced by
peptide bond rupture are so minute and unstable
that the detection might be impossible alter
dissolution in water, assessed by the fact that
the corresponding amide {unctions were found
to be produced in solid as will be shown below,
though the amount produced are found to be

quite low compared to those in solutions.
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Fig. 8. Absorpiion rroctra of alkaline alcoholic
solutiens  of 2,7

ritrophehylhydrazones  of
triclveine  and  ireclated  triglyed
dose of ®Co y-rave 1. 84310%:

with a

Formation of amids, being a measure of pep-
tide bend cleavage by Garrison's mechanism,
occur in appreciable yield in oxygenated and
deoxygenated solutions and, according to the
present experiment, solid samples do aleo yield
amide though the amount produced is quite low.
Formation of amide is most likely to be aflected
by the presence of oxvgen in solutions, while
the effect of oxygen is negligible in the solid
state. Formation of amide as expressed in terms
of G value is 1.17, 0.46, 0.16, and 0.14 for
LA, LD, SA, and SD, respectively. This finding
is in good agreement with the conclusion reac-
hed by Garrison and Weeks (1962 b) that the
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observed reactivity of the a-carbon locus might
also be a factor in the radiation chemistry of
the solid state. This reasoning, however, is not
consistent with the results of degradation of
mother substance for good material balance.
On the basis of these results there seems to
be nc ersential difference between oxygenated
and deoxvgenated samples in the mechanisms
involved for the rupture of peptide bond, yiel
ding carbonyl and amide, although the effect
of oxvgen was exhibited in cleavage of peptide
bond. The cleavage reaction of most importance
might be {ormulated for glycylglyceviglycine as
follows:
NH.CH.CONHCH,CONHCH,COOH -+ OH—
NH.CH.CONHCH,CONHCHCOOH +H,0
NHZCI'LCONHCH:CONHC.IHCOOH+Og—>
NH.CH.CONHCH,CON=CHCOOH-+HO,
NH,CH.CONHCH.CON=CHCOOH-+H.0—
NH.CH.CONHCH,CONH,--HCOCOOH
This {inding is opposed by the results obtain-
1966)

who showed that there is practically no {forma-

ed by Liebster and Kopoldova (1964,

tion of carbonyl and amids in irradiated peptide

solutiong, meaning that no peptide bond cleavage

1.

occours in oxygen-{ree media.

Formation of ammonia was determined for

Table 1. Quantitation of NH; liberated {rom

irradiated triglveine with a dose of ©“Co y-rays of

183 10%ev,/ml  with the hydrochioric-barium
1

hydroxide procedure

Sample i Ba(GHY  ug NHeN g NH,-N/ml

237 0,008 7,29 1158

LA

0.
LD 0.268 z0.017  6.36 12.72
SA 0.481--0.013 — —
SD 0. 481 4+-0. 018 — —
G, 0. 480--0. 011 - —
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Table 2. Quantitation of amide NH; of irrad-

iated triglycine with a dose of *Co 7-rays of

1. 843X10* ev/ml determined as for ammonia
after hydrolysis  with 3N-H.SO, with boric

acid-hydrechlerie acid procedure

e amide

NH;-N/ml

Sample ml HCI

LA 0.375-:0. 6063 196.0 20,20

LD G, 287.+0, 017 146, 7 19. 52

SA ¢. 037 4-0. 004 6. 72 6,72

SD 0. 036--0. 606 6. 16 6,16

G, -— —
Table 3. G values of products of irradiated

triglycine with a dose of “Co r-ravs of 1.84X

10 ev,/ml

Total C:=0  Amide-NH, NH,

Sample -M

LA 2.44 0. 92 1.17 3.4
LD 2.36 .70 0. 46 2.9
SA .26 — 0.16 *
SD 0.25 — 0.14 *

* Lead to obtain infrared spectrum.

the calculation of amide-like ammonia produced

by the peptide bond rupture. It can be seen

from Table 1 that formation of ammonia is
found for onlv in solution, being generally
higher in oxygenated solution. Formation of
ammonia is reported by Liebster and Kopoldo-
va (1966) to be in relation to the struc-
ture of the amino acids participating in the
peptide bond and to the medium of irradiation.
Also reported are ammonia (ormation in oxvg-
en-{ree solutions represents predeminantly red-
uctive deamination of the N-terminal amino
acid; in oxygenated solutions it corresponds to
oxidative deamination of the N-terminal amino

acid—that is, ketoacyl peptide formation plus

Zool. Vol. 13, No. 3

peptide bond cleavage by the mechanism sugg-
ested by leading to formation of the aldehyde,
CO,, NH; and the free C-terminal amino acid
(Liebster and Kopoldova, 1966). Mechanisms
for the deamination in oxygenated and deoxy-
genated solution could not be deduced from the
results obtained in the present experiment. In-
ability to detect ammonia in the solid state ied
to examination of infrared spectra to learn if
any difference occurs in functional groups and
in the structure of irradiated solids.

Fig. 4 shows the infrared spectra from 2.3
to 25 microns (400 to 4000cm™!) of unirradiated
and irradiated solids, both in oxygenated and
deoxygenated. The spectra of irradiated solids
were exactly the same regardless of the presence
and absence of oxygen during irradiation. Also
examination of these spectra reveals the altera-
tion in position of bands, which represent var-
ious {functional group absorptions such as OH,
NH, C=0, C—-0, C—N, C—C stretching vib-
rations and CH, OH, NH bending vibrations.
Characteristic alterations were observed in about
6 to 7 micron regions. Unfortunately, however,
the significance of these alterations was unable
to be clarified. This might be attributable to
the {act that irradiated solid contains mixtures
of irradiation products and the interpretation of
spectral alteration in mixtures, in general, is
very difficult to perform. The only conclusion
reached in the present experiment is that che-
mical structural change occurs without apprec-
iable alteration in functional groups.

The band positions of these two spectra are
compared and are shown in Fig. 5. Deamination
in irradiated solid is suggested by observing the
alteration of bands in 2.5 to 3 and 6 to 7 mi-
cron regions, although ammonia was not detected

in the solids by means of micro-diffusion method
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Fig. 4. Infrared spectra of unirradiated and irradiated triglycine with a dose of ®Co 7-rays of
1. 84¢10%%v/m | as potassium bromide disk.
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Absorption

" absorption maximum is reported to be 1

ed and irradiated triglycine with a dese of %°Co 7-ravs of

coefficients for solutions are quite different

from those for solids. Irradiated solids exhibit
as low absor 1anc as unirradiated, revealing
cnly a slight change to occur.

Setlow and Guild (1

of the large peptide bend ab

ey

Y chowed that

rption belo

my irradiaticn damage to peptide backb

be cbserved in this spectral region. Peptide
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g
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The spectra cbtained in the present exp

, however, can not be used to determine the

degree of peptide bond rupture since Loth rem-

aining peptide and other degradation products
are respensible for the gbsorption in vacuum
ultraviclet region, which influences the spectra
in ultraviclet region. Carbonyl and cmide for-

cleavage of peptide bond predo-
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Fig. 6. Absorption spectra of triglycine and irr-
adiated triglycine with a dose of *°Co r-rays of
1. 843(10%ev/ml. Molar absorption coefficients
at 240my are shown for comparison.

minate in the absorption near 160 myu and 178
my (Kamlet, 1952) than that of peptide bond
itself. The absorption at vacuum uitraviolet and
resulting absorption in ultraviclet region bear a
complex meaning. On this account the absorp-
tion by carbonyl and amide should be used
instead of peptide bond absorbance for evalua-
tion of radiation damage. It is very likely to
be confirmed that the essential difference in
mechanisms for degradation of uxvgenated and
deoxygenated solutions does not exist. And, it
is unlikely that carbonvl and amide formation
due to rupture of peptide bond occurs in irra-
diated glyeylelyeylglycine in the solid state in
view of ultraviolet absorption, though product-
ion of amide and carbonyl in irradiated solid

proteins are reported.
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SUMMARY

Gamma-radiolyses of oxygenated and deoxy-
genated glycylglyeylglyeine in aqueous solution
and in the solid state are observed, with special
regards to peptide bond rupture for elucidation
of radiolytic mechanism of proteins, by means
of chromatorgraphic separation of degradation
products, spectrophctometric quantitation of
carbonyl compounds, micro-titration of amide
formation, infrared spectrophptometry, and ul-
traviolet spectrophotometrv for evaluation of
radiation damage.

Essential difference of peptide bond rupture
is observed in solution and in the solid state,
being high in the former and negligible in the
latter. On the other hand, the presence of and
absence of oxygen in solution during irradiation
are not so significant with respect to peptide
bond rupture, except the recombination of free-
radicals produced in deoxvgenated solution,

Peptide bond rupture in solution is attribut-
able to the mechanisms proposed by Garrison
et al.; dehydrogenation followed by hydrolysis
to yield acid amide and carbonyl function as
found on the basis of radiolytic products.
Peptide bond attack at a-carbon locus might be
suggestive for irradiated solid but not significant

in view of low degree of peptide bond rupture.
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