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Thee~la~agent,di~l~fate(Dg8)i(r~~ 

when appliedto BI>acteriaortofreephage. Inbac- 

teria, ithas~~thatirrh~it~ofproteineynthesis 

f0llawingIw3trelatm8nthcreasesthefrequ~0frecaveted 

pputants (Strauss and okubo, 1960). Freese (1%3) suggestedthat 

instrauss and0lcubo~sexperiaant,adel~edluta9eaiceff8ct 

might have taken place. ThiseffebctwascausedbytheiacubatUm 

ature. Delayedappearaaceofall@ation-induceid~utantswasalso 

demonstrated by Green and me@ (1961) and by Icti.e9 (1963). 

In aur expe&mt, 100 ml of an ovendght culture of 8. tvuhi- 

zmriumstrainIJF2,leu*524 (lcindlymade avaUable3YyRr. F.Hukai) 

werewashedandresuspended L31Oml of T2phagebuffer (ca. 2 ~10~' 

cells/nil). After adding 0.02 ml of wailu*rA mS to 5 nia of the 

concentrated suspension, the latter was Ancubated for 20 min on a 

shaker at370C,whereuponboth00ntrol andtreatedcellswere 
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Th8tr~tOdCdl~aAt-%dAlUtedin~ BmdhDl (0.0296 de%trom 

W/V), to ~a. 105 cells/ml, and 2 ml aliquots were distributed in 

ca 500 tubes and allowed to stand at 37OC. Cell6 from the 

contra&t~~diLutedinthesaper-to107cell6/~ 

to 285 tubes. 

Typical resultrr are showninftg.1. While themaJority of 

tbecontroltubemremdaed clearforalPosttbree*leeke,solnel 

became turb,id because of the V ofpre-existingleu+ 

haad,thenua0woftuxbidtubesamtimuedto-formore 

than 10 days. mteappearanceofmtantswasnotdueto8low 

srowth of pre-exhtingorhducedm&ants,ascouldbeshownAn 

reconstruction~iprents (tablel). One cancalculate, for 

anygi~time,thePeanaaPrber(e4)pertube,of~~t~le 

or4hallydAstrmltedandof8ub6equentappearaaceofnew 
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Fig. 1. 

g values for the control (open circlee) 

and DES-treated(closed circles) series. 
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Tablell 

S~lecellswereiaolatedfranktbes~ic?hhad~+ubfd 
atdifferenttimes, iuthemainexperimnt. Theywere then 
in~odu~intot~s~taiaiag2~mlof- -, with 
orwiU-mutaba&gmmd population of ca. 5 x lo5 mdxmt 
(untreated) cellsperml. Thetsmeforoveagrowthiaea~ 
tube la8 ameasured. 

Origin of krtroikrced matant TimewhenfirsttubebpbCapps 
and tiple nlutant overgrew turbid in r~n8tructioar fax- 
before isolation (hours). per-t (hour@) 

Withbackground Withoutbackgroorbd 

00-L 39 

62 
81 

108 
139 
177 
215 
286 
370 

33,33,33,53 

33,33,44 
33 45,45 
67,126,36 53,45 

33,33,33,33 
45,53 
127,141 
53,66 

PO = ee (1) 

(th8teru,termoffbsPOi8aOndlstdbUtian). Fig.lshowsm 

pattern of E values calculated in thb experjment. 

0necanalsousethe~~u~~intha+~tocalc\llate 

the chance (IL) of nBat.atian pm bacterium per hour (i?yau, 1955). 

The pattern of p over the time -byourefxper~issbcnsn 

in Fig. 2. 

Although it m clear thatamtantskeep appeariaglong 

after Ii&S treatmemt ha8 been stopped, and that this delayed 
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fi values, calculated for ca 50 hour periods, for 435 hours. 

appearance fs due to delayed nartation rather than to slow growth, 

atleasttwopoints remainunclearr (1) Is the delayedappearance 

of mutants due to mutations occurring ca. 36 hours (the average 

time required for one revertant to overgrow) before turbidity 

appears, or is it due to a very long lag period caused by the 

treatmentandvrhich is followedby normal growth rate (phena- 

typic delay)? (2) If the f&at possibility is the correct one, 

what is the meaning of the deviations in Cr, the rate of mutation 

per bacterium per hour? one hypothesis could be+ that the differ- 

ent peaks represent the increased rates of appearance of mutants 

caused by the splittiug away of different allqlated bases (or 

bases allqlated at different I atom). 

During treatment with DES about 50% of the cells are killed. 

The death rate subsequent to treatment does not differ from that 

of the control (k = 6.3 x loo3 and 4.0 x 10-3, respectively) in- 

dicating no apparent delayed death. This may mean that the 

mechanism of delayed reversion studied in the present experimemt 

is not lethal to any noticeable extent. on the other hand, delayed 
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death in buffered mum ldmzll supported m mfeaboli.nm was demon- 

~trable with alkylated T4 phage (Bautz and Free~W, l%O), & coli 

(Strauss, 1961) and various Sabmella strain6 (unpublbhed data). 

Thedelayedmutationpheaoawnon, bowever, canbe demonstrated 

~vrhenmstabolislr~sdLtogethetabsent(wrpublieheBdata~. 

This couldbe explainedby the follawing events: alkylation of 

stationazyqhasebacteria resultsboth inbreakageoftheback- 

bone of theDNAnmlecule and In shearingoffof al*latedbases. 

The first damage cannotbe repakredwithoutatleastthelow 

level of cell lmzabolismwhich occurswhenthecellsaresuspended 

inthe salt-sugarmediumalthoughthey cannotgrowthere. on 

the other band, depurination can be repaired either by base-turnover 

alone,or it is areversibleevent,andcanberepairedatany 

time (e.g., upon plating). 

~evalidityofthesehypotheses isbeing studiedbyusing 

reca&&nationandmutationas criteria forDNAbacl&onebreakage 

and base-alIqlation respectively and a correlative chemical 

investigation of DNA fragmentation and the release of alwlated 

bases ie being tan-. Honel2aeles8, it i~clear that n&ants 

arise in bursts among non-growing, treated cells after the nnrtag- 

basbeenreimved. 
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