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Sal mopa'! 1 a, ml.1t aqen.1 \. i t Y t~st t 1 ,7·] i s tH'Ü nn ex t ensi ve1.y I1se<'1 

for' dnt.AC-:.t i on o'f mu1"lqeni' DF' potent.j-nJ canl':"er'üq~nic aC)t!nts. A 

c-,nt of his"tid-inB-rp..quirUH]. c.t.r,Úne; i-s lIc;flr1. Farh t.ee;ter strain 

I'Ontó'll'ns a di ffArAnf' type <:>f mul:a1.ion i·o th~ hi<Oõtldinn operon. 

Jherefore. açr:ord;nq to thp' .rp.sponse of ·di ffl3.rent· tE'lster st:ra-ins 

thA mut'lqens ran rouqhly he divided r ri f-o savor'al c;:lac;sec;: 

a) framAshift J"ut,uIRne; - whirn s-t"lh·lli7e "the shiftAcl palrln'J 

T"'A 97 and TA 96 e;traiflS (7'-nitroc;ofiuorene, rloR 191L 

b ) base-p<llr c;uhc;t.ttutinn mut<3rJAn<.. ilt -r.-r. paire; - detect'ed hy 

TA 100 strain (-sodium aZ1C1. mAthylatlJH) a/Jente; ,- I"INNG) 

c) hase-pair sube;tltutlon mut-ageHc, at A-f palre; - deterted hV 

la 1~7 r.train OC-rayc;, LJV l.aryht, nyrlroxyporox-irles> .• 

Moc;t nf mutaqens rAvert sAv-era) tester c,~rajns rausinq 

",('ver;i) types of DNA i njuri P'O; (HoC). MMS reverts hoth TA 1-.0'" .'llld 

TA t~7. 2-aminofTuorene reVHr~c, ~oth TA 98 and TA 4~~). r.roe;c;

llnklnq aqnnt .. surh ar, p<;o..'alenc, ilnd mi·tomyrlnC irihihtt thflr 

~~ro... th nf tec;t-p.r ',krainc., r1Hf'lrlAnt In Hxrl";lon rApaJr (TA Xl7, 

Tr. 'IR. TA 10~). T1u!y .\rp H"f f 1/, i Ant I y r1/'1 PC I o.<f llY t-tIA TA 1 "'7 

c.t..-aln --whirh te; I1vrR pro"l,l-flnt (3~. 

ThA ml1b'\ÇJAnec;ic; J-fl !')ó11mnnr~I,la t"ll',lpr r,lr;l';n". IS inrr"h"lr;Arf hy 

I'kMl~l plac;m\d anrl in lhe CéI""P' of -thp TA 1~7 strajf1 by pAQ'l 

pl'I''ômld. Tho pkMl~l pla·,rnlrl rontain"'••'11':1 SCJ!'-rnnt.rolled muç gp.nr~ 

lnrrAaC.inq mu-taqenAc,IS aft-er !lOS ineillrtlon,Thp. pAQ'l pla~.mid with 

111'; G428 mu~tl1:-j-on provi de'; ::; ~'" ("optO!''-. flAr cAII for ha'c'k 

mH"t aqp.nAc; 1 s o 

loni71r:lC) raeililtion rtroeiurP.'s a wlde ....ppctrum of difterent 

t YPAS of DIIIA i n j ur i AS {4] _ r -,r ayc, i nduc-p. si nq I,e c;tr-and i-treaks 

<SSB), <1oub'le c;tr anei h .. Aal<... <DSR), base d;lmiiJgp.s mainl" 

t -products [51, sugar Ifamaqr-!,:,., apur'l na and ólf1yr i mi d.ine si tes, 

D~'\t141ttl(bri~n HHCmY1 , 

ml\-e;1~nl'lx BU JJeaOJ!ZUlU@ I 
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transferrec1 to -liCl"id nlt.rogen, Nu 1 -t i P l-F! r.op i Ae; of ea.ch .;-tr;ü n(rO';<';-,lll1kc; anti mul'llpt-Y"'c!',lmaged ~;'l-t:e<; wíth SHvp,..al nllcl(!ot,ld,". 

,we,..e marie and eac:h eMpAr"'i'ment was startno fJ"om a np.w mi c r-o -tuhH.d'amaqn<1. These nNA 111.!lirlA<; ran bH fu,..the,.. subdivld[,d arrordi IH] 

1\Ip ~as1:,Ar pl-o"ltes wa"'Fl Tio';";' t ..>c:l-.niglle provlf1er1 hHttnrusno.t o th~:! !~t:""IICtU"'P 0-1,; r ..,,,.. ';,'r'~IH1 p.nd"~. fhn cha,..ac ",RI" of UNA
 

lnjU,..les IS changerl <1lJ,..inl) UNA ,..p,p-air depenrling on thn pool
 ,..ert"'odur i h i 11 t Y nf _thA exper'i m-ent c; WI t lt P I a?mi d Ç,ont ai n i nq
nf
 

.. BpHi r f'1l7yme"> anrl thei r l-nc1uct íon in thH cOU"'SP. of rp.pal r
 f:·;tra~nc;. 

pr·or:p.ss. P,..ocedure for qrow'in~ r.111 tUrHS: test,R'" e;t,..ai n ruI tU,..RG navH 

·hAAn qrn!"ln using a shaker in Ox o id nut-r i Flnt hrot-h no. =' 1:.0 aX-rays .ulc1 I'''rayc; lnc1IAre ,..evp,,..'sions in aI] Salmonel'a 

densi ty of abOl~t 2.10'" ca] 1-s pAr ml. To P"'PVAAt loe;s or 

c10uhl inq c1óe;p,'e; of aholJt. H'F' (,y are needec1 

t"ster str'aíns; ~ t~; Af' f(-)c-t I,Yf'ness. howHver", rli ffA"'!,:- mutilt i 011 

1>1 asmi ds, 25 Jlg/ml amp-i r i i-i fl har;; hp.pn adc1Flc1. 'Z "q/ml
for plae;mio -rrpo 

tetracYFlinR has b~en, ac1r1ef1 in t.-he Cac,A of TA ·10~ o;.t,..rt'in.,.t,..a i ns; mllt o'lt·i on P. f f' nc' i VAIU!C;C; 1e; inc,..ear;f::>d hy nnp decadiç
 

orrl,~,.. In plasmlc1' cnntdlllll)'J <;t,..ainc; [61.
 Plat~s fo,.. t-hA '!1utagenjcity ac;scpy:- 1 .. ~7. JI"Jr-to Difc-:o aqar wit.h
l'he 'responc;e of thA 

'SalmpIlAI)."}. mlitJHJ..n'('ily I'ne;f fo ionizllH] "'o'lr'i:ttion can bp 0.5.mg/ml cit,..ir aC'"ic1 mpnohyc1,..a'tR nac; lH~pn ~l-c;pd. Tbe amollnt nf 

further enhanrl'HI by tlle I ncuhõ'lt 1 on (}f ~qa,.. pe,.. plate wae; 2"1 ml and t~1 c., quant- i t-y ~ac, ra"'oi'ul I y
P J a t ed li ac- f f1'" i a f OI' 

<;evp.r' a 1 hours hnfClI' H t-,-r·;·lc1I."ltion 171. The incubation inr"'eóiCC;(v." rontro11ep. :H'istidine anc1 -hi-oti.nH -wpre ilc1dec1 in amolln-t-<;; of 0-,1 

t hR nllmhRr o r ml per-platR fr-om thF- 170 "l/ml hlo1:lnA .. 100 pl/ml hi s"t i r:hnei,..radiatRd harteria per plAtR HpP"'oMlmately by one 

nr-rti'~r". ".n111tion p",ppa,..ec1 arrordinq to MHrnn anc1 nmee; T7]. l'hJ" 

Ing,..-edi ent,s as well ao:;; "'.1 -mJ nf wa ,.-ti r>(1 f;AI I e;u~pene;lon woreThe e;pnr:tr"um of nNA inju,..'ies v a,.. i R". ~ith in,"'eaSllH) I.FT of 

Ai t.her adrierl .to the top agar (0.1',7. OI fro aqar anf1 0 ..~7. Nael) o,.. 

rA~"; SSR o'lnrl l-.ac;A c1amagAe; arp. i nrturAc1. 

InllizilHj "'.-ufiation r8l. Mur'f1 D5H and mllltiplY-rlAmaqFlc1 L,itoe;, 

'-';11"'.J<ld ov-Br thA c-,urfacH of PAtr. plate<;. 'Owir,,) I-ow",o
Tt ,an hFl, thp."'Hfo,..~, 

!'JenRt,..ation nf ar-çelp,..ated ione; lIOA hall to sprRarl call c;usp-en<;;louAxpected that thA erfertiveness of di~ferent ionizing ,..adiations 

(l/l ihe c;1l,..fare -o-f the bott-om ilTJa,... fhn top aqar -wac; pourHd t-nin the reve"'sion of rliffRrAnt ~almoneJla st,..ains woulc1 diffe,... 

tAe pl-ates alta,.. i,..,..adiatinn. Tf 'lon 1,..,..ar1Iiltion was I-nvo]vAd.Tl-.ree strains ha-ve bAen IISHet in ou,.. inve... tiqó1tion: TA 98, TA 

1"10~ and TA 102. The procedurp, hae; heen devHlopHc1 for tlle c:-p.1 I suc;penc;] on was c;p,..eac1 to il -par-t uF the ,pet:r'i pl a1:A on I y
thelr 

i~10 c:m 2 ) . Tios agar wlt.h cAIIs thA surfacA wac, rut tr1 10irradiat'iOn by haavy ions and a-'part j r.l A"'. Sim111to'lneoue; 

i~radiationG hy somp. tYPA of l-.eavy ions anrl by r-rays have heHn 
pifOlces. i,..,..adiated. placed hack to f:-hA pfOltri platA anri 

ove,..layerRd hy 7.,5 ml of thA top ;tCl""'" (w i thnut 1 nqr-edi ent c;)pp."'~o,..med ilL o,.. de,.. fo nstablisl-. more p"'acisely relativp. 

I-.l-ol Ogl cal e~fHrt i Vl-1nec , ' -;' unde,.. the samH conc1 j ti ons. -tH,ated in thA water bil'th. 

ProrAOllr-e af l,..radlatl0n by heavy lons: ai]a,.. piecA,," with cell 

'.lI·,p,)nSIOn at thp. e;u,..far'A wnrA pu-t til .-,tAri In mAtaI plates. Up 

to 11 metal piiltes can l-.A lnc,A,..tad a round magazine. The 

MATERTALS AND MFTHOnS 

Da,terial strains: the testeI" st,..ains TA 98. TA 1"10, and TA 

v1atRs are then transpo,..ted by rAmotA contrnl tp the beam AX'it107 werE'! providp.rl by n,...R.Ames, nepartmHnt o~ Biocham-istry, 

wlndnw. r-he exposu,..e of va,..iouc, .bIol-ogical ohjerts ie; monit.o,..ed 
Univarsity o~ Cal'i~ornia. Barkalp.y. 

hyan iO/ll',ation chambe,.. ~H-t bet-wAp.rt thn AXlt wi-ndow and tbe 

Sforage o~ tl-.e testeI" strains: ove,..níght culture to whicl-. 
htologlral e;ample. fhe onvice ,~, _c1ee;r,..i-hHc1 a.t f9]. 

sterile glycerine had been added as a cryoprotective aqant we,..e 

distribllted into sterile glass micro-tubas, closed, and 

:-12 



Pror.ndurA of irradtation hy a-partirIAS: the rf~ll suspAnS10ll 

wa'-; sprAad on thA <,lIr -r:1f~p. nf pnl r i ri i <,;hA<;. Thp. ~f~nmf~try nf 

·cY·-("lartieJAS dOSA flf~ldG WrlC, ralrlllat.p.c1 and sllpf~rpoc.-.erl for <:-.ix 

d1 ffA...·ent <;nurcn -i ar l)nt po....! t.1 nns. The superposi t i on of t.tlf-!~-;~ 

i'lf~Ir1c", Yle)ded nfli-lrly hOffiOI]AlleOUS ir-r-adiation of" the whole pet.rl 

p1 atn <;urfare. ThH squrc-p. tar-lJet d t ~.t.ance ",as ::; em. ThH 

1nitia) averagA LET of" a-part1rJAs ",as 115 kAV/~m. 

P ...n(""P.~urf! of il-r-;-;lf1Jatl<>n hy protons: the inS1de par-t nf rt 

pptri pla.te abou1 5 em in diameter could hA i r-r-rU"1tatAc1. Owinq to 

a fJr·oa1 AIlB...·lJY nf prn1 nn c -. ",fil ch were used 1 n our expuri ment, up 

to three plates coulr1 fie irradiatAd at t.he same time on one 

anothA..._ Dose- di <;rTepanc i f!'~ r1ue to enArlJY 10sc;ec; cio not AXC:::Af~d 

7-3 pAr cent. 

r-irradlat.ion was al",ays pArformAd simult.aneously and in t.he 

coamo confi gura.t i on of the AX[lAr.iment as i rradi ati on by heavy 

particles. ThA sourreG of r-rays were 137~C; or b0CO with 

dOSA ratAs 35 Gy/min and 3 Gy/min, rec;pectiveTy. AlI proCedUrA& 

(lf i r-raoiation WAre done at room temperature. 

AccelAr~tors of heavy particles: 4He ions wtth LET = 22 

keVlvm and 72 kAV/~m were nhtained at the U-300 cyclotron of the 

l..aboratory of Nuc-lear Reartionc; whirh arcelerates hAlium ions Itp 

10 ::::30 MAV. Protons with energy 100 MeV and LFT 0. 7~<; keV/pm 

were obt.ained at 1he~ynchrncyclotron of the Laboratory of 
~ 

Nuclear Problems. fhe ir-radiation time ranged -from several 

Geconds (with helium ions) to several minutes (with protons and 

a-partir.les>. 

Counting of revert_ant: rolonies: his- to hts- revArtant 

rol oni es were counted after 48 hour-s of i nc:ubati on at 37<>C 

under slight magnification. Tn order to reduce the in-fluence of 

~ell lethality on thA re~11ts, the doses in our experiments old 

not exceed 20 Gy (the mean tetha} dOSA amounted ahout 60 Gy). 

RESULTS 

The dose response çurves for r-rays are sho",n in FilJ.1. In thA 

région of doses up to 15-20 Gy alI the curves ",ere linear. 

4 

t200Fig.1.The number of 
induced revertants 
per plate as a func
tion of t.he y- radia- ~ 90Q 
tion dose for three ã. 
strains -ofSalmonel- ~ 

la typhimurium: c vi
TA. 98 (x), TA 100 .2 _ 
(c ) , and TA 102 ('\7). ~600 
The dependences a~e ~ 
linear f o s Low doses. ~ 

~ 300 0.-----°-------°. 
o , ,- , , , 

o tO 2-0 30 40

DOSE IGy) 

600. I 

Fig.2. An example of the 
-; 500 dose-response €urve for
 
ôc
 greater doses (TA 10~)
 
ã.
 strain. Cell lethality
-;;-4QO leads to decreasing numberc of his- to his+ revertants.
.2 The data could be approxi

~ 100
 mately described by a func
QI tion m(Dl=(mo+q~D).exp(-Q.a::
 
'i. 200~ .~ D)~ where mo=182~ q=2~,
 

a=0.019. The effect of ra

diation was somewhat in

100 • creased by ±ncubation of
 
~lates before irradiation.
 

01 , , ,d 
o 100 200 300 

DOSE IGy) 

Greater doses lead to some rurvature of the dose-response 

oependence o",ing to cell ~illinlJ_ The exponential survival 

curves o-f Salmonella cells afte... r-i~radiation have the 

sensitivity D<>=~60 +/- 5)Gy for alI thrHA strainc; (data not 

sho",n). The dif-ference between the tnl~1 numher of revertants 

per plate and the number of revertants rorrected for call 

survival , therefore, does not exceed 207... Tho dose-responsA 

curves for greater doses (see FilJ.2) could be mathematically 

d-escri bed under ao assumpt i orv that lhe number of mutati ons i s 

related linearly to t.he dose multiplieo by the survival fraction 

by the equation
 
-DIDo
 

m(D> = Cq.D + mm>*e (11
 

5 



•• 

n 

curvp. is ;k qood crltnrion nf thA infIunnr.A nf rAI1 1.~thal)1:y. 

Owing l.o lho pxp<m~m'llód function ~n Eq.l .• wharp. D.,==bllJ Gy ano 

q i s lho 1 nw-do';p mil I at lon r atp., lho I i nn;u" i ty (l.f dose responGe 

The numtlF~r ~lf "iIHH1tnll"eou c • rp.vertant.~; wa~; about :Sl"-·40 pE'lr 

thp Tn 11;17 ",1rólll1 ihr variat.inn c ; '~howri ah<lvA dApsni'h,!(f on the 

10-·1 ~ Gy for TA 98 õ'\nc1 TA 100. 7,-3 Gy for TA 102. Tn the case nf 

doc;e dou"l i <HJ lhe Illunhnr nf c;pontane<lU<; rAvHrt.antc;. was ahout 

plate for TA 98, 14l1J-170 for Tall1J0, and 700-300 for Ta 102. The 

(J\. 

(t 

•90 

_80 TA98~ 
.. 70 
Õ 
~ 60 • 

1:~~. 
~ 30'~A-=:::::::::: )( ----.---:r~-r:":'ays 
i 20!)( li -f-jeI23KeV/r-m) 

10 )( -Hel72KeV/!'ml 
O 

Fig.3. The dose-res
ponse curves f-or 
heavy ions with LET== 

==23(~) ,54(0), and 
72 keV/llm (x). 
,-rays curve from 
simultaneous experi
ment is shown, too. 
a) TA ~8, b) Ta 100, 
c) TA 102. 

time for w~lrh lhe plates had bep.n kppt bAforA irradlation (thA O 
5 10 15 

DOSEIGyl 

I i me of i rrar11 at i <In (ouI <in' l hn 

c;Jlontaneous revertanls (m,~l was 

C;Rt prRr-í sei y) _ 

GIl\"ltr;Jl('ted from 

ofThn numhAr 

mutation ratas 

a) 
~400 
o 

~ 

'TA 100 

(m ) -and the slope 'OI' -<loe;F!' reSponc;A curVAS was oetermined: c3'OO 
s 

q (m-m""l/D (2) b) 

<li 

~lOO 
a: 
i' •. t-HJYs 

100 li - Hel23KeV/jtml 

whore ·D is the (10';A. The valuec; o F nnF WArf1 <Ieterminnd as RBE 
O'L. L. 

He(72K evIJC m] 
-'-  _ 

'1 / q r . where qr I~; lhA c.; J <fpe for -f' -rad i at i on from the O 10 15 
DOSEIGylsimultanaous eXJleri~ent. ()I I c1osA-response curves from heav.y íon 

1000 
TA 102 

.irradiati'on war{! Ill1f!;U up to 1~ Gy. The valuAe; of lIr WArA ~ 900 
Õ o
Q. '800 

ahout qr=3-4 mutat 10n<./pl;Jlte/Gy, for TA 98, qr==12-15 for 1'a	 ........
..
o A~ •c 700 

100.	 and qr==50-t0 for TA 107. o 
:: 500 
li 

A t.ypir.;Jll rAsult of hp;Jlvy 10n lrradiation is shown in Fig.~. c) ~ 500 
Ir

fhe effe('t t VAnAC.s c'lf hAI i rrrn I nn', t ci 1 nc1urA rp.vert ant rol onl AS i 400 .". y. rays 
~ A -HeI23KeV!l"ml

300e;harpl-y <1n('rna';p.'~ wlth ~nCrf!..c.lIlCl 1FT In t·hn Cól',.. of t-hA T'A 9P. 
o • He(54 KeV~ml 

c;train. On lhA oth~!r h;Jlnc1, thp. TA 11'10 anc1 TA 1~7 c;tr.:odne; do ·not 
100 + - Hel72KeV/rml 

pxhi b i-t; any mar·kl'd ('h<1nq ...c , for h1 ghpr I.ET. rhA vill une; of HRF ;11''''''	 OIL ----' _'_ _~ 

O	 1o 15Gllmmari7ec1 in thp. TMhlp.. 
DOSEIGy) 

To r.onfirm c1PrrP,il<.1<lC) p.ffp.C't1Vp.nAsc; of Hp. ions wit-h 

tllf! pOlntc; rlrA c;hown with c.tanc1ar<! l!Pvl"t,onr IoiIA .founc1 that 
inrreaGinq I..ET in lhf' rOl'·'" of lha TA 9R straln, WA usp.d 

thc>rR WArn no rnvA,rt.ants lnduc,A<I hy <V-('li1rt lclnc; in the TA 98 
a-particles wlth thn MVArilCJf! 1n1tlal I.F:T::::115 keV/pm. WA also 

j ~tra1n. On the olher hand: the TA 1~7 Gtrain responded very 
AxpActad rlacraa~lnq RRE For TA 1~7 c;train. The resul~~ of ~hls 

p.ffl('ientIy with thp. RRF neart-o 1. 
expArímant are shown in Flg.4. Owing to tha fact 'that tho 

tn order to compara r-rays with heavy partirIas in the low\1
 
conditlons of thA oxpArimAnte; coulc1 bA 101011 r.ontro\lAc1 ahsoluta , 

lFT re~jon~ fast protons were us~d for further Axperiments <dataI}
values of mutatlon rates could be well reproducec1. Therefore, 

not shown). The values of RBE (see thp. Table) are near to 1. 

6'	 7 



--

rtlutagenl<"" 

nf-fol:t J veneS5 of f'-ray" ilnit fiJ· ..t (lr-otnn·s, 

lhp.rp are probahly nh p,ssP,lltial di-f-f"erenr:es fn 

I (UI!. f- • Lho Vil t"l1o.' o{ HIH-' f rir v_ar i 0("1·; f ypec; of I'J."ir t: i r Inc ; in thp 

case crf thr-np Sritl monA11 a testAr strai OC>. 

: !iTHAI K: RF.:LA·T.fVI: RIOLOG[CÂL nTECT1VENESS 

----------_.--------_ .. _------------------------------

He(23Ht : Ik1C~)4) ~ He (17) : p(0.7~) !~-par.(115) 

TA 'lA: 0_35+0. 0" :0-..SO+0. fIl~}: 0. 18+fIl. 08: 1-.02-+0.04: 0. 04+0. 07 

:fIl.75+0.10:0_~8+0.05~ 

~ 

TA100:0.70+0.11 : 

TAt07.:f.05+~.05:1.31+0.~7:0.Rt+0.11:0.86+0.09:0.86+0.05 

lt - in the Ilaranthec:.nc• the values of I El'. 

200flr'-------------."........, 
TA ta2 /. 

~vr 
1000 

p~
 
~~ 

O~(J ., 
10 155 

100 

TA~80 

60~ ~• 1

'o F1--»>: T It 
20 

10 15 
DOSE {Gyl 

8 

l'
;,. 

i 
i 

OTSCIJSSION 

, We have investiqated mutaqnnjr arijnn of low doses of 

I different rnrtiat.ions in thren Salmonnllil tl1·;tnr ';tl";Hns: t.hn 1'1-\ 

!• 9R strf-lin (r,eversions after: frameshjft mut.atlonl t the TA 100 and 

:l

1() 107 c;tral ns (l"·evl'~l"·si.on.. aftnr SI,lbr.;{' I f'lJl IlJll'·;).
 

fhA leveIs of spontaneous revertant c , dl f'fprFH1 in the three 

·;t.raj n, and we havA also founrf thA <1.3pFmdnnl-I~. nf thp revp.rsj ().... 
~ 

ratas on the type of afJar and on the ilmount of ."lfJar pAr platp. 

Cilfl\1Iar to t.hat In [1(1).')". The variation'-i arA c;m:ll-Inc;f' for thA Tt\ 

9R and qrAatest foI'" the lA 102 str.eJn. The 1nr.reasing tjmP. 

hetwean plating of cell slJsflp.nsJon and ad"J1'~1 to the top agar 

also inrreased ~pontaneous mutation riltRs In f A 1(1)7. :rhAreforfJ, 

t.he numIJp.I'" o·f spontanAous rOVHI"-trlnts 1 .-. 110t a IJIH1(1 quanti t y to 

which· thp. induced mutat,ion I"~tes cOlllc1 hf~ rAl-'ltAl1 a'-, r f was done 

tr1 preViOIJ5 papor~3 Th,7]. 0':1 t.he {~th"r hand, thH number 0"'

indured rBvArtants c;hould not depAnd on mlJt.a~lAnll· impllritlnc; in 

nga... alt.hough thn c;tate of cAIIs I',; Important, of courSF!. 

Therefore, we subtrartAd lhA numhf'!r o.f ';pon:taneous revertants 

'from the whole numbc;!r of mlJtant co]nnlno:. in nll RxpRriments. 

Severa I factors affect the mutat.ion ratAS aftAr r-irradiation 

Tnrrnased doses gjve expanAntia] cAll killinq, whirh leads to a 

locai maXlmum in the dependenc:e of thA mlltat 10n ratR (m) on the 

dose (D). If the mutation eVAnts ariGA lndApendAntly of l~thal 

Avents, the initial slopes of thic; curve"> GhouId give actual 

mutat i on rate·s , 

i 

The djfferAnr~ 1n mutation ratas hAtWAAn TA 98 and TA 100 can 

hA oxpl,ained by diffnront mo] er.u] ar eVAnts loading to the 

reversions: frameshlft in TA 98 and suhstit.lltion in TA 100. The 

djfference between TA 100 and TA 102· passibly c:orresponds to 

great.er production of thymin injuries (t'-products) in 

comparison with other base damages [11], which c:ould Iead to TA 

102 reversions (TAA nonsense codon is the target). Multiple/}' 
pAQ1 plasmid increases the responc;A of TA 102 ceIls to 

lrradiation. TA 102 cells are proficient in excision repair." 
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ThereforB. c.ome injurio"; whic.h .(·ould lead to cell deat.h in TA 

lfl1fl1 can Ofl trilnc;rurm{~c1 to mutationc; i-o TA 102. 

Tehe mlft at i 00 rat~ i f meac;lIred .~s the number of mutant 

c o t on r e-s per platfl c1c.l~pnf·I·,·,. howav-er .. on the numher of cells par 

~I"'lt". We have "'lIso ohc;ervpd the increased mut-atioo rates if the 

111ates wora i ncuhatefl for 4-;' hOllr~ anri lhen irrac1i ated (data 

not shown). lhe numhor of vi ~.!h I e cal I c; can nA smal I Ar aft pr 

l<:eep.iRg the -plat.p." in i\ rf'>.f .. IcJe..... ato,. fo..... a long timp.. Anot..hn.. 

Impor1:ant. factor ic; thA c;tat.lI'iõ of cells - stationary ptlase cell~, 

'1,vn ln';C-' rf'lve..-t.an-tc; '(data not. shown). It can hu f'lxpP.r+nc1 th~·t 

thR .--Rc;pone;R "'111 h~ qre"'ltf-1r ()r' ~;ma(l"lr botJ'l for tlfJavy r onw ancl 

for r--r-ays. Therofol"e. thH r ..-tln~ of mlltation rates hav-p. been 

meac;ltred 1 n si mlll't aneClUC; Axpflr I mflntc; wi t,h r-r"'lYs and heavy 

~ar t 1 r.l {~~,. 

Sharply deCrA"'lGlnq AffertlvenflSs of loni7ing ..... adiat~on ..,ith 

grflatnr LFT in prochH r rrr] mut,ations can no E'lKplainud hy t.wo 

facto..... e;. Fi ..... stly, thp ~rorluctlon of pre-mutatlonal inyuries can 

ha dncreasl nq a", I Fl I nc r 11"'';{1<; <-c; i nql p. ""tranc1 hreaks or .ba-sp 

c1amagne;l. Such 1 n )lIr I f-1~-, ,houl d he c,i mp 1 e and shoul d ar 1 se from 

-the depoe;itions or a <;mal1 port.ion of ennrgy to DNA or near to 

It (on tl·le other hand, -<::omplp.x inju..... i-Ae; al"ie;lnq frnm multi..pl~ 

event5 of ennr-gy 1-h..l~CJ',J,I·IC->1l ....111 hp procl"red morp nFfiriAntly -by 
t 

h~avy i 01103). Secondl y, thA r 1l1rtil"'lt i one; of energy ab50rb-ed i r::l 

different r.ells makes ttlf~ ~opulati()TI of hit CA'llls smal'lel" a', LíT 

Incrp.ases. The c;urvlvlnq cplle; are .--,urvivinq not because or 

t.heir resistance but bpr.aue;p tney wera noto lrra(\liltecl (hit by 

{larticle). lhe CAI I .... _...hJ~·h WArA hit by one partlc:IE'l could hp 

c1amaged to such iUI H>c'tont that thf-llr <;urvival i'-. much lowel" thar> 

one and <;0 the norm.>IIc,.. tlon to arlually survlvi.ng cells doee-, 

nol reflect tho Int_rln'--.I~ mula'tIon r.-~t_o" 

Tha l':lducad '.uhc;.tt\lIl1ClnC, c1etectAd in the TA 1~0 and TA 1~7 

.,trains arA probahly due to Oi c1iffurent mechanl--c;m. file evic1enre 

is provided by different depenc1ence of t.he initial slope of m(D) 

, 
curves on LET. No su~<;tant\al c1ec ..... ease of the effectiveno5s of 

~-partlcle5 in ~omparison with r-raY5 could bo observed in -the 

10 

Tr' ''''7 ,",t,.lIln <wtth IFl mor'c! th"," 11/1(11 k,pV/,,,n). On rOIl·-.Ic1p.r-illl) 

thn rllll IUill 11111', nf IJlICU"qy in lrtf' cnll pOflulallnn (c;omp ~a ..... 1 of 

c"n110;; i,;; not h1 t at, /lI I ), ..,e c:...n elo t hp <:'0111 I USI on that thp 

ar'f')ctiven"~Iv. nf Ol··pl'lr·tlc",lc~·; i" lho IIHhllllon nf TA t"'~> 

I'f'vert",ntc; l'. murh h1ghar li' rCil aI r) 1'1 lo th~ ,.uhPopula.tlor-i of h r t 

,1 r'"II",. 'Iherflforn. Ht)mU k r nrt I,f nN() "'!ur lU', oF ("omplf.~x forlll 

-o	 'r.hould be involvod. Sueh 1n'ur'lt'~ ",,111 C I, llrc! Inorf~ flfficlP.ntly 

~ ...ndlJr.p.c1 by high CFl fH\r' I 1r:I'H~ IIrn rlouhlC' ·;tranc1· hrnaks o ..... 

multiply damaged singIe etranrje;,. Til" flr'~1 typH of DNA injul"u1<:.• 

.,hould lead, to lathaJ flvontG. 50 ~()rnfl klllll o I' I,omplax 55" sholJld 

bA the cause of mut,atlon (,vont·.,. lhO I In"a~lty oF l'1(D) 

clepnrulHIIr.{l r.;IUJq.J·:,t....... t hal I tu, IllIhll 1 I 111' o r !;1I!; r Opill r i,,; Ilcll 

i o vo l vrid , Theref'ore. the braakg arH prolHlhly thH flre-mutatlonal 

In.Jurle~,. Simple calr.ulation·", ("III<II,I',IIIIlvnly confirm <;uc_h .'l 

flossihillty. 

The number of base damaC)n~ ie:. mlU"h qrCl~ltllr than that. of SSIt 

or evnn 'S5R with- a complnx ';;l.r·lwllIl"fI. NlIvf'lrt:hAle';c;, thp.y 

flrobably leac1 to frame~hifts ..,ith a pl"ohl\blll1y much less t,han 

nn(~. Complox SSR e;hould leac1 to ~lIhc;lltllt:lnll'" ..,ith a probabilit'y 

IlPar to one. 

lt r.n be eKpected that in the cl\~n o~ direct mutations 

arising malnly as a result of sul>.-,tllutIlHI', \11 ';orne of many 

sites the effectivaness of hiqh LFT ~"'lr-tlrlC1'" wil1 hu lJrC'late..... in 

comparison wit.h r-rays. In thn ca';A nf quan.....at-ir m(D) 

c1epend{;lflCeS ..,hen the inductlon lIf sns I"l~r)air is probably 

r nc 1uded, I hn incr-eased LET shou I c1 I fI;ul lo <lven mor n' i ncreaseci 

mlltat i on rat(~s -- t he 50S sY5tem 1 s t ndllced by heavy i ons more 

Hfficiently than by r-raY5. 
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r K03y6eK C. H AP. E19-87-858 

I HHAYK~~~ peBepTBHTOB B TeCT-WTaMMaX 6aKT~p~~ CahMOHenn~
 

npH 003Ae~CTBHH T~~en~X ~OHOB H y-nY4e~
 

,r
 
6blTla 1.13Y4eHa 3$4Je~THBHOCTb Ae~CTBHR pa3H~X THnOB "'OHH3"'PYKXq"'X "'3nY4eHH'"
 

Ha TeCT-WTaMMaX CanMOHe~~w. Ha6nroAanocb pe3KOe naAeHHe 6HOnOrH4eCKoH 3$IDeK

TI<'IBHOC:fH HOHH31-1PY~HX H3J1Y4eHH~ c pOCTOM 'nHHei:1Ho~ nepena-ia 3HeprHH /Jln3/
 
Y TA 98 WTaMMa;Y APyrHx ABYX WTaMMOB TaKO~ 3aBHCHMOCT~ He Ha6nlOAanoCb. 
nenaeTc~ 3aKI1lO4eHJ-1e -o TOM., 4TO CYl1IeCTBylOT no -KpC\i1HeHMepe ABa r ana npexy'ra
~~OHHWX nOBpe*AeHH~ AHK - nepB~~ THn ~HAy~~pyeT~R Y-H3nY4eHHeM H npHBOAHT 
K cAB~ry paMKH ~4HTWBaHHR, BropOH THn HHAY~HPye~cR T~*efiWMH 4aCTH~aMH H npH
BOA~T K 3aMeHe OCHOBaHH~. 

Pa60Ta BblnonHeHc3 B Jla6oparopHH RAel'lHWX npo6neM -oHRH. 
\ ! 

1" .,., •••."j.".,,,,. 

Ilpenpsorr Oõseaaaeaaoro HHCTHTYTa anepasrx HCCJle:aOBllHHH. .n;y6Ha1987 

Kozubek S. et aI. E19-87-858 
The I nduct ion 'of Revertant s by Hêavy Pa rt i c I es and y-Rays 
in 5almonella Tester St~aJns 

Hutagenic action of different types of ionizing ra~latiuns has been 
i nve s t i qe t ed in Sa lrnonel l a t~sterstf"ains. lhe e f Fec t i vene's s of ionLzing 
radiation deorea se d wi t h increasin tET in the TA 9-8 strain. No marked 
.decrease could be de t ec t ed Jn rbe TA 10'0 and TA 102 s t r-al ns , The r-esu l ts 
s uqqes t that at l ea-s t two d l f f e r en t types of p r-emu t a t l on a l DNA l nj u r i es are 
produced byionizing ra'diation - the first is édrbv y-rays and leadspr-oduc 

to fr-ameshifts, the second is produced by heavy pd~ticles and 1eads to sub
s t it u t l ons . 

, I·' ~ 

The investlgation has been ~erformed at the Laboratory of ~uclear 

Problems, J1NR. 
,)j.. 
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