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(Repri11ted from Nat11re, Vol. 170. p. 926, No1 ·ember 29, 1952) 

Anti-mutagens 

'"\.v IHLE studying the mutagenic action of various 
pnrine derivatives on bacteria, we came across a 
new phenomenon : we found that certain nucleosides 
can act as anti-mutagens. 

Following the discovery' that caffeine- a pwine 
dorivai.ivo- increases the mutation-rate in fungi and 
in bact.eria, wo began a quantitative study of the 
mutagenic action of purine derivatives. Such a study 
has been made possible by the use of a constant Bow 
clovice, called the 'Chemostat'' - ', which maintains a 
stationary bacterial population growing at a fixed 
mte that can be sot at will. 'l'he concentration of 
tho bacterial population maintained in the growth 
t.ube of the ·Chcmostat' is determined by Lhe input 
eonC'cniration of one of tho required nutrienLs, cn.lled 
tho controlling growth factor, and the growth-rate 
is fixed by the rate at which fresh nutrient flows .into 
the growth tube. 

A variety o.f different mutations will occm at 
f] i(forC'nt rai es in such an otherwise stahionary popula­
t.ion, and if one plots tho concontl'ation of one 
part.icular t-ypo of mutant against time, one should 
ohtai.n a straight line which rises with a slope that 
is rlotennincrl by the mutation-rate. This holds for 
Pac lt typo of mutant which grows at Lhe same rate 
aR tho parent strain. that is, .if .there is no selection 
for or against the mutant. Jf thet·o is selection 
against a mutant, tho concentration of that mut-ant 
will remain stationary aft.or an initial rise. 

•{ 

0' 
::' ISO 

~ 
" Q 

::i 
a. 10 0 

"' f-
z 
~ 
::> 
~ 

--- ------------, 

A 

~50~ 
Vi 
w 

" 
"' 
'"" 0o~---~,~o--------~s~o~-------9fo~------~,~2c 

HOUR S 

!<"If{ I 



<( 

i( 
w 

'"" 1.) 
<( 

"' ., 
Q 

a: 
w 
Q. 

Vl 

'"" z 
<( 
f-
:::> 
::l: 

'"" z 300 <( 
f-
Vl 
iii 
w 
a: 

"' '"" 

c 

- -GUANOSINE ADDED 

HOURS 

Fig. 2 

D 

200 

In the experiments to be reported hero, we used 
a strain of E. coli (Bj lt) requiring tryptophane, anrl 
used i 1yptophane as the controlling growt.h-faotor. 
This organism is 8ensitive to t.he bacteriophage Tr.. 
Mutants resistant to '1'5 present at any given t imo in 
tho population growing in tho 'Chemo;;tat,' can be 
scored by colony count simply by adding a small 
quantit.y of tho virns 1'5 to an aliquot, at. the time of 
plating; in the prC'SC'nco of tho virus, only t h • 
resistant mutants will g1·ow out into colonies . 

As we reported 0arlior3 , mutation t.o T5 rosistn.n<·<· 
oc:curs at a constant rate independent of t.hc rat<' at. 
which tho bacteria grow, that is, imlopcndont of 
t.hc generation-time of tho bact.oria. By plot.t.ing 
against timet he number of T5-rosistant, mutaniR prc>R­
CIIt in the growth tube of tho 'Chemostat:, ono obi ~tins 
curve A of Fig. J. The slope of t.his strn.ight lino give's 
a mutation-rate 11- = 1·4 X 10 8/ baot.erium/hr. 

1\'hC'n tho nutrient medium contains t.hoophylli"" 
(a dimothylxanthine) in a concentration of 150 
mgm. j l., the m.unbor of mutants rises very quickly, 
oorr0sponcting to the straight line C in Fig. 2, g iving 
a mutation-rate of l 0-7 X IQ- 8jbacteriumjhr. This 
represents a seven-fold increase in tho mutation -rate, 
whi0h we attribute to tho mutagcnie act ion of thC'O­
phylline. However. if the nutrient contain,;, in addit ioll 
to 150 mgm./ 1. of theophyll ine, 50 mgm./ 1. of thu 
nucleoside guanosine, the number of mutants rif!os 
much more slowly, as shown by line D in Fig. 2. 
Tho slope oft his li.ne ('OlTosponcls to a mutation-rate 
of about 1 x 10-8

1 bact0rium ihr., indicating that 



guanosine, in tho con cen tration used, completely 
counteracts the mut agenic action of the t heophylline. 

Tn t he e>..--poriment m ent ioned earlier , which is 
described in t he upper curve in Fig. 2, the bacteria l 
p opulation is first grown (at a generat ion-t ime of 
3·2 hr.) in t he p t·cso'nco of 150 mgm.j l. of theophy lline 
with n o guanosine presen t . After 53 hr. , guan os ine 
is a dded to giv(' a concent ration of 150 mgm./ 1. Fot· 
t.he first 53 hr. and for a shor t t ime thereafter , t he 
nun1ber of mutant follow::> t he st r~t ight line C, whi ch 
gives a mutation-rate of 10· 7 x J0-8/ baoterium jhr.; 
but afterwards the number of mut ants follows a nother 
straight line which gives a mutation -rate of less t ha n 
1 ·5 x l0-8jbaoteriumjhr. The two stra ight Jines in t er ­
sect, not at t he t ime when t he gu anosine is added , bnL 
ab out 12 hr. later . 

Tn order to expla in t his 12-hr. delay in Lhe fa ll of 
Lhe m ut at.ion -rate after adding guan os ine, we do not 
have to assume t hat it takes t hat Lime for t ho 
guan osine to counteract t h e mntagenic effect of 
t.hoophyllinc, but m ay attribute t he delay to Uw fact 
t hat mutn.tions a re n ot immocliatoly ox pmssorl in 1lw 
p henotype of t he bacteria . \Vhon t Ito gu n. nosine is 
added, the mutat ions in duced by t heo phy lline may 
very well cease t.o occur ; but th e mutation s induced 
prior to !.he addi t ion of gna nos ino con t in ue to be 
expressecl p nen ot ypirally fOl' 11. period of abou t 
12 Ju·. 

Tho results shown in Fig. 2 have t.o be inter preted 
as a n aetn a ! redu ction of t he mu tat ion-rate by 
gua nosine ; that is, they cannot be a t.t t·ibutcd to it 

Ho lect. ion against t ho bu lk of 'L'5-r·cs istant. m utants 
rosult,ing from 1 he prosen ('o o f g t<<L rlos ino. It .is easy 
t. o sh ow t ha.1, if such a sc loc t.ion were respons iblo for 
t.he low mu1 ~t t ion-ro.t.o s hown hy line D in Fig. 2. 
then in Lho upp or etii 'VP. in. Fig. 2 t ho nnm bm· of 
m11l.a n Ls resis tant, to 'l'5 ;; lw uld fa ll st.oeply n. ft ,or 
adding g11a nos ino o.L t ho 5:3r·d hour. 

Tho concent.mL ion of guan os ine needed Lo counl er·­
ac t t ho mutagenic C' ff('cL of 1. 50 mgm./ 1. of theo ­
phylline is quito low. F or a concen tration of a bout. 
2 m gm ./ 1. of gua nos ine, 1 he rat e of muta t·ion ind uco< l 
by theophy lline fa lls t.o one-ha lf. 

The oth er n ormally occuning purine ril)osides were 
examined for an t i-mutagenic a.ction at. co ncentra­
t ions of 5 mgm.jl. AL t hi concen t ration adenosine 
n.nd inosine a rc strong ly a nt i-mutagenic against 
theophylline, whereas xant hosine has n o Ruch ac~ 
1iv i1·)' · Jn cou1,rast t o inosine iLsolf, iL:; com po nent s, 
t ha t, is, Lho free p urine hypoxa nt hine a nd t ho free 
suga r: ribose, a rc n ot ant i-mutagenic even o.L co n­
cent rat ions of severa l hundred millig rams per lit.1·e . 

A concent rat ion of 500 mgm./ 1. of guo.nosine g ives 



practically complete suppression of tho mutagenic 
action of tho following pmine derivat.ivos (at con­
contmtions of 150 mgm.fl.) : theophylline, caffeine, 
Lheobromine, paraxanthine, anc! 8-azaguanino. Hut. 
tetJ·amothylurlc acid and benzimidazole retain more 
i han half their mutagenic effect. 

One may ask what, effect guano::;ino has on the 
spontaneously occm·ring mutations. As can be seen 
from line B in Fig. l, 50 mgm.fl. of guanosine gives 
a mutation-rate of 0·6 X I0-8/bacterium/hr., that is, 
one-half to one-third as much as the spontaneous 
mutation-rate derived from curve A. This shows 
that guanosine in tho concentration used reduces the 
muLation-rate to T5 resistance appreciably below tho 
spontaneonfl mutation -rate. 

AARON NOVICJ< 
LEO SZILARD 

J nstitute of H.adiobiology and Biophysics , 
University of Chicago, 

Illinois. 
July 30. 

1 Fries, K ., and Kihlmnn, 1\. , .Yal U1"1J, 162, :)(;~ (I !) l ~J. \lt' lu \'I'Cc, .\I ., 
11rrtani, U. , rtnrl Flint , .1. , .lnUlr. Ntltumlisl, 85. 110 (10~1). 

' Xovi<·k, :1 .• ""d '\7.1larrl. L ., Science, 112, 715 ( JO:,fl ). 
' Xovir·k, A. , :>ntl fl"ilard , 1. .. l'rM. U.S . .\'ftl .. l crttl. Sr·i .. 36. iO ·~ ( I o:,o). 
'~lono<l , .r .. Anu. lnst. l'nslm1', 79. 300, (l!l:iO). Sovic·k. A .. anrl 

Szilard, 1,., ( 'o/tf . priny nnl'liOr , 'ym7>. Qlll!l !/ . /l in/ .. 16, :1:1 7 
( 19:i1) . 
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