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INTRODUCTION

In a series of investigations (Singh and Ormerod, 1965a,
1965b, 1966 and Ormerod and Singh, 1966) {t has been shown that
when proteins containing cystine groups are irradiated at 77°K,
thelr electron spin resonance (ESR) spectra show the presence
of cystine anions. These anions, which are formed by the
trapping of thermalised electrons on the disulphide bonds, react
on warming to room temperature to gilve -CHZ-S‘ radicals (Ormerod
and Singh, 1966). It has been found that metal tons,
todoacetamide and methacrylamide - all of which have a high
reaction rate with the solvated electron (Baxendale et al, 1963
and Singh et al, 1966) - reduce the yteld of the cystine anion
in proteins irradiated at 77°K, and consequently reduce the
yield of -CHZ-S' radicals at room temperature (Singh and Ormerod,
1966 and Ormerod and Singh, 1966).

It has recently been reported (Sanner, 1965) that pyridine
co-enzymes protect trypsin against high energy radiation both

in the solid and in dilute solution. The reduced form of the
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co-enzymes offered more protection than the oxidised form and
this difference was ascribed to hydrogen donation to
macromolecular radicals by the reduced co-enzyme. The
protective effect of the oxidised co-enzyme has not been
explained.

In the present communication it will be shown that the
pyridine co-enzymes, NAD and NADHZ, are efficient electron
scavengers and interfere with the reactions of thermalised

electrons with disulphide bonds in trypsin and bovine serum
albumin irradiated in the solid state at 77°K. They also

reduce the yield of -CHZ-S’ radicals in trypsin at room

temperature, The oxidised form was more effective than the

reduced form and the difference is ascribed to their retative
reactivities towards the thermalised electrons. The observed

protection of trypsin by NAD is attributed partly to electron-
scavenging by the additive.
EXPER IMENTAL

Trypsin and bovine serum albumin ware obtained from
Armour Pharmaceuticals Ltd. and Koch-Light & Co. Ltd. respectively.
NAD and NADI-I2 were also obtatined from Koch-Light & Co. Ltd., and
no further purification of these chemicals was made,

The proteins were freeze~dried with five percent by weight

of either NAD or NADH2 and the samples were then sealed under

Simm Hg) for ESR observations. The samples were

60

vacuun (10~

{rradiated with Co gamma-rays at 77%K with doses varying from

0.5 Mrads to 5.0 Mrads and ESR observations were made first at
77°K then at room temperature, The technique of ESR measurements
and the calculations of radical concentrations has been

described elsewhere (Singh and Ormerod, 1965b).
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RESULTS

As has been previously reported, both trypsin and BSA gave
asymmetrical ESR spectra at 77%K. This asymmetry is caused by

a single line on the Low field side of the ESR spectrum which is
attributed to the cystine anion (Ormerod and Singh, 1966). On
warming to room temperature, a broad line on the low field side
of the spectrum appeared. This Line is due to the -CHZ—S’
radical (Kurita and Gordy, 1961). A second radical whose ESR
spectrum is a doublet was also observed.

NAD and NADHz had the following effects:
(L) NAD completely removed the asymmetry in the ESR spectra
observed at 77°K, That is, Lt removed the line due to the
cystine anion, NADH2 only partially reduced this line.
(i) Both NAD and NADH, reduced the radical yield at 77°K by
about 10%.
(tit) The yield of —CHZ—S' radicals at room temperature was

reduced by both compounds. NAD was comparatively more effective.

TABLE 1
Proteins G(77°K) |% decay of z |CH,S"radicals/gm
total radicals tn 10 3
+ 0.2 in 10” mins at
?&?::at room tempera- | ..om temperature
18
Trypsin 2.4 22 1.5 x 10
Trypstn +NADH| 2.1 48 0.7 x 1018
Trypsin + NAD | 2.1 42 0.2 x 1018
Bovine Serum 18
Albumtin (BSA) 2.8 20 3.0 x 10
BSA + NADH, | 2.6 22 1.6 x 1018
8
BSA + NAD 2.6 38 1.3 X 101

30



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 25, No. 1, 1966

*(vSg) ujumqle umlas aujAoq

Jo eaioeds °1°s°3 ayy uo

|

0

[4

HQVN Pu® QvN JO 31993})3

‘1 813

I N

£,

—t—

M
A

T

}
]
t

g
Wk
Wi

L
A
N

/\n/\l}A:{
\

——

oT.<m-

JL«. +VsSe

Aokl

vse

31



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 25, No. 1, 1966

JO Bux3dads °*a°s*s ayj} uo Nmn<z PuUB QyN JO 3093313

T 813

1w om0

e

)
)

\

—
—
v

1§ » sumg)

QYN +HISdANL

HaVN-

NISdANL

wll

NISaNL

32



Vol. 25, No. 1, 1966 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

(tv) The total radical decay at room temperature was accelerated
by NAD and NADH,.
(v) In the presence of NAD and NADHZ new tines were observed in
the ESR spectra at room temperature. These were probably due to
radicals formed on the additive.

These data are shown qualitatively in Figures 1 and 2 and

are summarised quantitatively in Table 1.

DISCUSSION
The reducttion in the yield of cystine anion at 77QK and the
reduction in the —CHz-S' radical concentration at room temperature
by NAD in irradiated trypsin and BSA demonstrate that the NAD is

competing with the disulphide group of the proteins for

thermalised electrons. That is, NAD is an efficient electron
scavenger in the solid state, Likewise, the results show that
NADH2 also scavenges electrons, but less effectively.

Using the pulse radiolysis techniques Land (1966) has shown
that both NAD and NADH2 give a high value for theilr reaction
constant with the e'aq in water and that NAD reacts five times

faster than NADHZ. The rate constants are 2.6 x 1010}11-1se<:"1

-1

and 5.3 10°M"lsec respectively.

The protective effect of NAD on trypsin irradiated in the
dry state and in solution observed by Sanner (1965) can be
attributed partly to’tts high electron scavenging property in
competition with that of the disulphide bonds. In the solid
state, however the cleavage of the disulphidebond does not play
an important rote in the radiation inactivation of trypsin
(Ormerod, 1966). The protection by NAD would probably be due
to the reduction in concentration of the other protein radicals.

From a comparison of the reduction in radical G-value at 77°K
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reported here (~ 10%) and the dose-reduction factor reported

by Sanner (1.9), it seems that the reduction in radical yield is
too Low to account for radiation protection. However, Sanner
(1965) used an additive concentration four times higher than that
used in this study, and a direct comparison of the two results is
not possible unless the effects of higher concentration of the

additive is studied systematically.,

Viewed as an electron scavenger, N’ADH2 should be considerably
less efficient as a protective agent than NAD, The observation
that it protects more efficiently suggests that at least in the
solid state NADH2 protects by a repair mechanism involving
hydrogen donation as suggested by Sanner (1965). Unfortunately
it was not possible to show this effect directly from the ESR
observations due to the close overlapping of the signals from the
protein radical and the spectra from the radicals on NADHZ_
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