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Our attent ion at the I'FKR b- fteon T ' • • t, .. i- t ' id. if . of 
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the nucleic acid bases as int i oduc? ory ? • • r ; ? * i t this co. :le> r-a. 
The experiments reported last year done pari i y w i t! i P r o P.. " Ricfr. id of Cos-
t n University have not ^ o g r e s s - ; beyond tl . ; 1 -'Mr deser»pt ton 
because of travel dif t icultics. »'ui recent < * • - lone on thyridyiic 
a. id and deoxyadony1ic acid. rho ditficultie cui'Of t<> 'inn <»y ;. r i cn-a are 
those associated with t! . co ; !•\it , ii.i . i \ toi i > „ • ,, and the nr-vi;y 
of the descripB #n in the f ol I owin<j iOCt i« a r. one r i n • nr; isure 
of the effort that h is 1 en put into attempt t<Kst ii'.iy t . * 
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ti/er of bacterial spores A simi 
lar btujv was completed this year 
on CuSO^ as a sensitizer and re-
sults us inn CuCI aio parti all*-
complete. I i g. 1, which was in 
c i uded las' year , shows a mu I t i -
pii ci ty of pt: of sensitivit 
in both 0> and N> 1 -r CuClo. Ihis 
t iqufe is included again this vear 

M§ I for comparison with t hen now data 
presen ted be low. Regardi nq t heso 
I'W-MMS we stress that almost all 

I of the points in these figures 
ate from breakpoint responses 
with the k values plotted being 

Hi mm m ^ H K m -111 

Fig. ] Radiation s n itivty of' r-
ial spores vs concent rat i on of CuCI 2 i 
0? (solid circles) and in No (X'>) 

L e . , the k from the low dose portion of the survival curve. 
(par t ic 1 uar 1 y around trie very high peaks) this portion cf t he Iti r v i v 
is less than 2 log cycles in length s*> thr.twnili . •• usual lv ! ' 

stanc 
at curve 
k values as being accurate to less than ±10 , we must all 
In this case may not be that well-defined. Since, hov.evcr 
ore so very large, the accuracy of the k values t ivjr.st ] v» s 
portance at this tine.B Nt-vertheles Ji critical evaluati >n 
wi I I be ohtai nod. 

ily 
that the values 
t hese resp v 

i o f 1 cS t f i m-
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F i g u r e s 2 AND 3 show ICSIJI'S studies 01 F.U Oĵ  and CuC : r e s p e c t i v e l y . T h e s e 
tv.o C v n p o j r . d s a r e very similar t h e i r r e , ° >es s^ns? t i g g i n g I n t o r j c h g r e a t -
e r e x t e n t t o 5 * t h e b a f j ine) t h a i Ci. r.l ? (?-7 h f i ^ b a s e l i n e ) . This l a r g e 
s e n s i t i s i n g effee i o u u ^ at i hi ihc- conccai i n ion of Cu , n a n e l y ^ h foi C JSO/. 
a n d CuCl vs 10*^ M or luli 
ore peak -f sensit;" Ty ir 
ti ity resulting iron, use 

The rr stilts in i as 3 and ^ a * so clearly how only 
N ind in f*v l i t t || r.uitiplc peaks of scn^ i -

CuCl3 as a sr..si 15 /rr (1 i',. 1 j . 

Tr r»se effects 

Tho ^ ^ H i e s m f he pi ak son i tTrnt i o n B I fuSO^ and ( C! are 6 5 I ' 0~l krads~l 

and 7.'« N 10~2 jcravi* • respcct iv< 1 y. Those values arc almost twicc as high as seen 
previau* 1 v in N ? in this ial itory wh- o cxpr; ienc0 i w error passes s. e >0 
: p Jtids. tn >Luvi! pr v i . u J \ i epor led or. Fr . « w< noteti vet > i h s* ns i i i[ym 
z at i n by SO, co ̂ pounds relative to other salts of e-.e two metals 
m re howcvcEL In 0- not in . 

1 1 
Ihe remarkably high k values and single peak characteristics shova by CuSO , ar , 

l u l l at* contrasted to the response tor CaClj provide very clear supp rt for our pre-
viaij pos i t i n that there are very different response' for any particular metal ion 
depending upon the compound oiflcotnple>. in which it is presented and the vale'icc 
state of the metal ion itself. other words, the metal itself may have intrinsic 
sensitizing charactei istics but if so, they are so greatly modified depending upon 
the an i n or complexing portion o r the compound used, the valence state of the metal 
icn, etc. that the response due to the action of the metal ion Itself is not evident. 
In fact, from our experience the very great similarity seen in the results of CuSC^ 
and CuCl ore very remarkable, Mo two responses of almost j0 metal compounds have 
been is closely alike* as (those i r. Figs. 2 and 3-^et it must be noted that in these two 
very similar resj o n s e s B t he anion differs as well as he valence state of the C*. 
Where only valence state differs (i.e., CuCl vs CuCl^ — Fig. 3 vs Fig. j) or where 
only anion differs ( C u C K vs ( uSO^ -- Fig. 1 vs f ig. ? ) the r esponses ore 
d i f t erent. 

Results of scavenger and pre-irradiation studies on two of these compounds of 
Cu ate presented in Table . Khcsc same studies are rr w in progress f CuCl so r 
pai i sons regarding sens i t i zat m i based on this sort of study will be United at this 
tir e. It seems important to note however in Table i that in every cas< to i.it 
LtOh, which scavenges "OH, reduces the sensitization of the peaks to ai, ;r the base-
line k value for the gas present during irradiation. This would indie ce so.i;'2 in-
volvement of 0M in u U j l h e sensitization we are seeing. The formate results v. . i 
however . be expected to i-r similar since formats 1 so venges *0H as well as Hy;?. 
!a every case the formate does red-ace 'he • ns • t i zo t i on by t not. to the r.eSine 
level a d o e s the [.tOH. ih' i c are sor'e known instances of formate reagt.i;vj dircBt-
ly witl otal ions to form organ 1 C - I T e t a 1 compounds (Kelm * •§•§ 1 et a_J_ 1973) and that mo/ 
be the reason for the discrepancy of these two columns in Table • with th< EtOM 

((v.uxnind ... 

CUC 1 IR. 0 y) A. L 
C J C I „ ( I n U ) A 1 
C U C I ^ ( I N O J 
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x 10 
. icf* 

W I - SS(75) 
C.UJO^ ( I n N ) I x 10 " 6.S8- 1 .«t7(M) 

^ u x \y tn l>ta*.ls k. i#*fc« > to Oic Km .lose portion 
tcrs to t'ie hi«jh ' ?.r portion c>r t hr sur.iv.il curvc (BP) re 
which the brc*jki )int occur s 



result probably being t lie more clear result a 
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lower levels o: sensitization. The pre-
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KIrschnci , e_t_ aj (1S/0) using C<)50^ showed a sej^Sizing effect on B. cereus. 
T .ey suggested that this effect was due fo t^" for at!~n of Cu (ill) «.• by" -on 
oxidation of |.u(il). While this should b< considered, previous sLudirs in lab 
oratory in water La J or. e and with alcohol scavengers (Powers, 1972} indicate tbeHsc-
tion of 'OH on 
impoi tance. 

the c< !I i tse1 ather than the action of the metal 

11/at ion 
bound to t be 
1 a C3ns ing 

Winstead and McNees (1?7"J also a in t . (uSO., s h o w e d radiation 
o f lactate dehydrogenase by Lu. Their conclusions were that the Cu 
sulfhydryl groups of the enzyme and tb.en wo* attacked by the OH radicals causing 
ultimately the damaging oxidation of T H E sulfhydryl groups, vltn C J ( I I I ) being 
intermediate in this process. This type of sequence seems more consistent with re 
suits from this laboratory. 

Ke 1 m, 
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Because 11CH and t_-BuOH are used as OH scavengers in our studies 
.esti ted tt pos s i b I e interference of these c<* pounds with upt <t of M + f Ly 
PNA. Neither ot these compounds into; acts with C e + + alo . As can b* v.-en in 
Fiijs. 7 v'ld S, where the dashed line represents t» <• uptake C d + + by DNA fre-n 
;g. . the addition of quite h y h concent n t i o n H ef these scavengers < ly ciltei 



fig. 9 Survival ol r r ins for mi n 
MAHtn tht presence oi 10" * M| 
C'l̂ Oj, when x-ir vl i t e d in • r 
N2-

Cu SO IV. 2 3. t ffects 

Another metal which causes tadi ition sens i t i '.it i on <jf bacteri">j 
and other cells (He<slewood e t a l_ 1978, Cramp 1967) is copper. Cu s il 
known to bind to DNA, particularly to UNA bases (Zimmer et al 1 9 7 M . P re -
liminary studies have been done on the effects of CuSO^ on the radiation sen-
sitization of transforming DNA and they indicate that, at lea,t at fairly 
high concentrations of CuSO^ (10"^ M) (for example. Fig. 3), DNA Is sensi-
t i z e d in both 0v aid Nj to about the same level. This high degree of sensi-
tization of CNA i n compared to Nj differs from that seen in the other two 
metals on which data has been presented here. More study along this line is 
undeiway. 

I V. 2 . ̂  . Effects of KBr on the radiation sensitivity of t ransformi ruj_0UA 
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i v B ' s tudj ts 

Cai invest iuat i« ns into t ti? ̂  d-taiiv t » * i . * i ir 
1 -ivU.ial spore ha ^ n a n with valf ca I it-r. tin . -f r ,*! with the L-
last s. The r. tie ,ale for thi4 \t ,a^h i ;>s jn. :ar thi* »af h i a s foi t h-̂  / - i r a I 
« xpe i i icr.tS tl.at \t havt »e (»vrr the >t-ur . v.it • • a* • p' -
vtM . strOnui' that I'Na t «., t h:t c r i twt a I 1 i d m t a r ^ B e c 
( t Iu t ̂  i 't etice i»f v.h i i h w e uv i n • a • N n* I »i v• ' f • • • . 
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,.d ubtedly asso. i ited wi* 
h vi sh<»wn In the spore ot 
•ubst iti.t ioi. of S-bt<> .uridine for t i yi in-- r<-si i t s in u I ' HBKssH JH Bn 
r e v o* tht v. s c;t- 31 * \'it i of d . ... ,«• tu j<i:i<iiiii r.i-.i iat ion; u i i t u 

"ie, first o r d c kinetics !eir >hserv 1 A u • i n rccr ntly, Tnnool ' I •/'*• 
i shown in the spore tb.it t Ii • rate ot induction of unit .it i ons hy ioni/inn 

.it ion vari -s v.ith e x pe lypHn t a I conditions, in just th^ way that I thii.ty 
Since leth.il if. of l ti. spore has b e c | U»0loln<ji- »l end-point oili/ed 

t le years, Tanooka's demon st ra? ion is v r y fit;; sup;, rt f r tl no i i 
we are dealinq with a DNA response to radiation in ?asuring Icth lit,. 

Vcordingly, t.o now turn our attention to DNA, ut the fa; liti 
ot the Center for Fast K i net i cs Research, an unparalleled set of insjruments 
;or the analysis of very early events in radiation chemistry. It was tov .rd 
ihib goal that we began several years ago the program on the steady-state 
radiation sensitivity of t r .insiorm i r.g DNA, that allows the monitoring of the 
' functi nal ability" ot the DNA following various experimental treatments. 
. ti i s will be the bi idge between the chemi stry'^f^DNA in solution and the 
reponse of DNA within the ce 1 1 H The experiments begun this year deal with 
the constituent t ases to satisfy ourselves Bhat out experiments are con ist nt 
with the several Invest i ntior- that have been reported to I t . We fl 
al so t bat h.-causo of i ipovements in technique, more detaili i analyses of 
atli.it ion induced <. n m q e in t hose compounds will I j os . i b I« In L ho LF> 

Amongst the .ublished stud if- are the It tidies of Will on let >1 I '/< 
1-1 ••»'- presented information on sone of the c a r ' y events I' •< 

base i of DMA. tlsin conditions closcl 
has 

•Mediating the four const i u nt 
appi o.\ imat ing his, tamely, 20 Gy/ptilse of I ction wi t h a 'iC ) nr. pu I »• it t 
{*< used 200 ns) we have looked inte the Inhnior of adenylic ci I {ij/.f ). 
Tiic overall response is approximately t he sans , namely, there is a very f.-.l 
inci ease in an ah .or p* ion band ..t approximately V-0 nm that d -cay . ovei a 
long period in our ? iinents. Figure ii i esents the absorption sp»-..t r i 
seen at varying times after the end if the pul e. Note that Curve A is the 
absv:" pt ion spcctrumat5 us and Curve I is the absorption spectrum at 622.5 
There is a I so a band pr 'Sent at 5 t'S after iiradiatior. at 'rBo run that dec r/s 
. vi'iBic long interval. Orr inquiry into the e rly processes during th«-
growth o? these species is demonstrated in Fig. 1?. It reveals the growth 
o; the 3*40 nm band from .5 us up to 67 ps (points A through E). These 
growth curves will form the basis for analysis of the kinetics of thest 
e v e n t s in this time period. Note that at ^00 nm there is growth of a dis 
• r u t absorption hand v-.iiich decays rapidly. This is not observed on the 
time scale used in Fig. 11; also, "n Fig. I? tiv 'rBo urn band is pres -nt. 

a 
Out understand ing of these events is impeded at the present time'., by 

•several analytical difficulties associated wi Mi'base 1 ' n<: behavior. Various 
HI erical and experimental methods are being used to try to attempt r" . 
t ion final equilibrium conditions. However, even with this uncertainty 
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12 , Absorption spectra of dAMP ( 6 x 1 0 tM) In N^O 
fron 0.5 ;i5 to 67 i s after a ^00 pu 1 î e of electrons 
deliver i ng 20 Gy. 
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