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INTRODUCTION 

In a sertes of tnvesttgattons (Stngh and Ormerod, 1965a, 

1965b, 1966 and Ormerod and Stngh, 1966) tt has been shown that 

when protetns containing cysttne groups are trradtated at 77°K, 

thetr eLectron sptn resonance (ESR) spectra show the presence 

of cysttne anions. These antons, whtch are formed by the 

trapping of thermaLtsed eLectrons on the dtsulphtde bonds, react 

on warmtng to room temperature to gtve -CH,-So radtcaLs (Ormerod 

and Stngh, 1966). It has been found that metaL tons, 

todoacetamtde ard methacryLamtde - aLL of whtch have a htgh 

reactton rate wt th the soLvated eLectron (BaxendaLe et aL, 1963 

and Singh et al, 1966) - reduce the yteLd of the cysttne anion 

in protetns Crradtated at 774c, and ConsequentLy reduce the 

yteLd of KHz-S’ radtcaLs at room temperature (Stngh and Ormerod, 

1966 and Ormerod and Stngh, 1966). 

It has recentLy been reported (Sanner, 1965) that pyrtdtne 

co-enzymes protect trypstn agatnst htgh energy radiation both 

tn the soCki and tn dtlute soLutton. The reduced form of the 
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co-enzymes offered more protection than the oxidised form and 

this dtfference 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 -U-I24 radicals in trypsin at room 

temperature. The oxidised form was more effective than the 

reduced form and the dtfference is ascribed to their relative 

reactivities towards the thermalised electrons. The observed 

protection of trypsin by PIAD is attrtbuted partly to electron- 

scavengtng by the additive. 

EXPERIMENTAL 

Tryps in and bovine serum albumin were obtained from 

Armour PhsrmaceuticaLs Ltd. and Koch-Light & Co. Ltd. respectiveLy. 

NAD and NADHz were also obtained from Koch-Light & Co. Ltd. and 

no further puriftcatton of these chemtcals was made. 

The protetns were freeze-dr%.ed with ftve percent by weight 

of etther NAD or NADHz and the samples were then sealed under 

vacuum ( 10-&n Hg) for ESR observattons. The samples were 

trradtated wtth Co6’ gamma-rays at 77q( wtth doses varytng from 

0.5 Mrads to 5.0 Mrads and ESR observat tons were made f trst at 

774( then at room temperature. The technique of ESR measurements 

and the calculat tons of radical concentrations has been 

described elsewhere (Stngh and Ormerod, 1965%). 
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RESULTS 

As has been prevtousty reported, both trypstn and BSA gave 

asymmetrLcaL ESR spectra at 77°K. This asymmetry Ls caused by 

a singte LLne on the Low fteLd side of the ESR spectrum whtch is 

attrLbuted to the cystlne anion (Ormerod and SLngh, 1966). On 

warming to room temperature , a broad Ltne on the Low f ieLd side 

of the spectrum appeared. This Ltne is due to the -CH2-S’ 

radicai (KurCta and Gordy, 1961). A second radtcat whose ESR 

spectrum Ls a doublet was also observed. 

NAD and NADH2 had the foLLowtng effects: 

(L) NAD compLeteLy removed the asymmetry tn the ESR spectra 

observed at 774c. That ts, Lt removed the Line due to the 

cyst Cne anion. NAM2 onLy parttaLLy reduced this LLne. 

(it) Both NAD and NADH 

about 10% 

2 reduced the radtcaL yteLd at 774( by 

(tCC) The yLeLd of -CH2-S’ radicals at room temperature was 

reduced by both compounds. NAD was comparatCveLy more effective. 

TABLE 1 

Proteins G(774C) ji decay of CH2S’ radtcaLs/gm 
f 0.2 totaL radicaLs tn IO3 

mLns. at room tempera- in IO3 mtns at 
ture. room temperature 

Trypstn 2.4 22 1.5 x 1o18 

Trypstn +NPJJ% 2.1 48 0.7 x 1o18 

Trypstn + NAJJ 2.1 42 0.2 x 1o18 

Bovtne Serum 
ALbumtn (BsA) 2.8 20 3.0 x 1018 

BSA+NADH2 2.6 22 1.6 x 1018 

BSA + NAD 2.6 38 1.3 x 1018 
, 
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(tv) The total. mdtcaL decay at room temperature was accelerated 

by NAD and NADH2. 

(VI ., In the presence of NAD and NADH2 new LCnes were observed Ln 

the ESR spectra at room temperature. These were probabLy due to 

radCcaLs formed on .the addLttve. 

These data are shown quaLLtativeLy tn Figures 1 and 2 and 

are summarised quantitativety in TabLe 1. 

DISCUSS ION 

The reductton tn the’yieLd of cystine anton at 774c and the 

reduct ton tn the -CH2-S’ radCcaL concentratton at room temperature 

by NAD Ln CrradCated trypsin and BSA demonstrate that the NAD Cs 

compettng with the disutphtde group of the protetns for 

thermattsed electrons. That Ls, N4D ts an eff Lctent eLectron 

scavenger Cn the soLCd state. Ltkewise, the resuLts show that 

NADH2 aLso scavenges electrons, but Less effecttvely. 

Ustng the puLse radi.oLysis techniques Land ( 1966) has shown 
, 

that both NAD and NADH2 gtve a htgh vatue for their reactton 

constant with the e- aq tn water and that NAD reacts five times 

faster than NADH2. The rate constants are 2.6 x 101oM-lsec-l 

and 5 3 10gMW1sec-l . respecttveLy . 

The protecttve effect of NAD on trypstn trradtated tn the 

dry state and Ln soLutton observed by Sanner (1965) can be 

attrtbuted partLy to Lts high eLectron scavengtng property Cn 

competttton with that of the dtsuLphide bonds. In the soLtd 

state, however the cLeavage of the disuLphtdebond does not pLay 

an important. roLe Cn the radtatton tnactCvatton of trypstn 

(Ormerod, 1966). The protectton by NAD wouLd probabLy be due 

to the reductton in concentratton of the other protein radCcaLs. 

From a compartson of the reductton tn radicaL G-vaLue at 77’K 
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reported here ( * 10%) and the dose-reductton factor reported 

by Sanner (1.9)) tt seems that the reductCon Ln radLcaL yieLd is 

too Low to account for radiatton protectCon. However, Sanner 

(1965) used an addttive concentratton four tLmes htgher than that 

used tn thCs study) and a direct compartson of the two resuLts is 

not posstbte unLess the effects of higher concentratton of the 

addtttve Ls studLed systematically. 

Viewed as an eLectron scavenger, NADH2 should be consLderabLy 

Less efficient as a protective agent than NAD. The observat ton 

that Ct protects more effCcientLy suggests that at Least tn the 

sottd state NADH2 protects by a repaLr mechanLsm LnvoLvtng 

hydrogen donatCon as suggested by Sanner (1965). UnfortunateLy 

it was not pos.stbLe to show thts effect directty from the ESR 

observat tons due to the cLose overLappCng of the sCgnaLs from the 

protein radtcat and the spectra from the radtcaLs on NADH 
2’ 
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