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SpontaueoU8 Mutations in Bacteria
I. UNKEn CUD, t:ahHlItJ' ef 0......., N......

TIs. flaDctamental aapcet. of the appearance of spontaneou8 mutants ..
a poPGlaUoD of mlel'O-Orpatama baa _n extensively dl8euaecl In tbf
Ute,.tll" (lIt 13). T1MM different mutant characten wblch are touad
III .., baet...... poPUlalioD bave been aboWII to artae apontaneoul1 b1
n.ctaalloD leMa U.) aDd b)" dl~t experimental teels (15). The preeeJ1eP

(If auell IBUtaat cell. la & hactertal elOIM eaa otJeetare IDdueed mutation"
lilt .lItO.. tor I.dllted IIUltaUou b)" huaclequate IDterpretatloa of tull,rt
., ..eauoa ct.. to IIOIMIlaUoa lea. or eIlD ... to ealeulatlon of fa'•
...... ••t&tIGa rate&. ~ tafton baft beeJl, IlD&1ped adel clreU-·
~ ef .... (11).

".. Of a1ltatl .-dt
..........t taut.. an .. all 'tWiSty UWe u.aotl\tf
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torm. of Ufe. Auerbacb. ~t at (1) eoufder that ebemleal eoDdltiou
created by the cell are 8uetlelent to caUIe mutatlou: this _ould bn»',.
tbat In the metaboUe proceuee of tbe cell. certain metabolic waste prod.~
are formed which are In them.lYea mutagenic. Thil il »lauatble provtdecl
the definition of a chemical mutagen 18 not restricted to thoee compounda
which react directly with genic material. A more tenable hypolhelll
would be that In _most cues tbe appearance oflpontan80us mutants I' due
to Ineuct gene duplication during cell division. This latter theory Ie IUb­
stantiated by the work of Haas. et al. (10) Who sbowed tbat the .polltAneoue
mutation rate In Esc1&trlcltfa coU B to virul resistance Increased u the
.Impllclt)' of the medium was Increased. Their Interpretation of then
results la that In the more simple media. the organ18m mUlt carry out more
.tepa for the synthesis of gene material. 80 tbat the chance for Inexact
replication In the synthesis Is Increased. WY88 (21) has demon.trated tbat
changes In environmental conditione away from optimum wUl affect tbe
rate cr spontaneous mutation. He found tbat adYene facton such as altered
t~m~rature and pH can alter the metaboJtam of a cell to Buch an extent
that gene ByntheslA can be affected. This and other experimental eVidence
rt'nders the altered synthesll hypothesis tenable.

One of the major aspects of mlcrogenettcl Is to determine the chemical
('ompcsilion ct the gene by determining the effectl of cbemlral mutagene
on the pbenotyplc expressions of the organllm. This aspect depends to a
Kreat extent on the aaeumptlon that the mutagen reacts directly with the
.tmic enllt)', and thus chemical characteristics of the gene can be de·
tt"rOllned by a study of the chemical reaction Involved. On thl8 88sumpUon
11 large number of chemicals have been telted for mutagenic propertlee.
and a aurprislng number have been shown to be capable ot Inducing muta·
tioDS (2, 20). However, In many cases. It 18 probable that the mutagen
did not react with the gene directly, but Inltead Interfered In some meta­
hQllc pathway which caused an Inexact duplication of the gene In the daughter
1"*,". Thu8 the apparent Induced mutation could well be· merely a change
In the spontaneous mutation rate In the clone. This latter po8llbtllty h88
~n minimized In some cases by the use of "zero-point" mutations 88 a
nlf~8n8 of eliminating factors of selection (7. 8). In the ··zero·polnt" muta·
tlons the mutant cells are tested for before cell division takes place. How·
t"·~I·. tbe Inaccuracy of absolutely controlling cell division tends to In·
validate lOme of this work.

Preliminary laboratory Investigation of t~le altered synthesl. hypo­
tht"Sla bas been promising although unequivocal proof of thfs theory fs
ttlll to be found. Various enzyme Inhibitors have been (ound to be muta­
lI:l'lIil~ U. 11, 13). and the use of competitive Inhlbltorl (16) baa Increued
Ihl' lotal number of mutants In a bacterial clone (2). Such mutadons would
not be due to direct action wfth the gene. Colwell (6. 6) found that Z-metbyl.
11. naphthoquinone would Inhibit growth of fungi and bacteria by reactlnc
"-lib aU1fhydryl groupe and In a Ilmllar manner caUIe Imall colony varlanle
'Jt f:. C'Oli to be formed. The eame compound &Ieo causes mutation to anti·
bl'lic reelstance In JltcrococCtU a..re.... (2). The nucleic acid portlOD oft nUdeoProteln·gene complex contain. no .ulfhyd..,.l groUIMf and pro_blr
..... exl. In tbe protein part of the molecule. Therefore It would appear

Ill' I ~ Probable tbat the function of this compouD4 would be Interfertng
,.- .' h the utiOil of 8UJfhydryl oontalnlng enqmee whlcb are IOyol.ed In
~ n.. 8JlItbeeil. ftll Is nbetaDtlatecl b1 the expew:tDlenta of W,.. (31)
h ?~rh ahowed tbe etteetl on lpontanlOul mutation rate of vartoua nlf·

, IJ f').. Ie". in tIM natrleDt ."trate, aDd by Clark e' CII. (") wlao
::; :ol!ltrated tbe ame matatlonal chana- bT naett.. meeadlO1lt wltb the
t )<; lJ'ate prior to bIoealaUOIl. Thom and Stelabers (11, 1') fotIn4 teYeral
~~···nltala to be DI1Iuac-te OIl MTeial of tlht bler,.,tt. TbeM t.eladed
.:.~~ wJaleh are reactive with me am"" ..011 .. altrou

0. 1UIl1l1drbl, dlIoramlII T, pcQMt.. loci 1IHa~ ....



~!..... of die ........ "..... take plaee at albllDe .,S by addhIc
; ,.' WoIalftte to tile Rltve., ·TIa.......tII. are IDcllcatln
j .,.. ............ tile ...... and tbe PM complex. The .....
' 'e811 Mft .. ,OtUMl to lDdace aaUblotlc ~t aa.tanu III
...,,"u (J). JIonYer, tnat1DeDt of tile .utrleDt nbttrate with
• ......... .ltrIte ,,_UOD, &ad thea readjutlq tile ,H of the
............ to 1Doc1IIatJ0JI nnlte4 .. the ame type of .utatlon. n
....... tWefon ..... plaulble that til.. mUlattou were merely all 1Jl.
... ..,., tJM apoatueou rate DOI'ID&lly found, which Increue WU
....... .., • aow.tq or the aftilabUlt7 of alp.........o eompounds tor
...... IMtabolte proe..... lDcJ1JCI1q til.. "TOITed In pne 87Jltheeia.

TIle .. 01 alt.... .uatarda u mutapa baa been fairly eztenaln
(1, t. 11. II). la th.. CUll It II ..umeet that the mutarcl mutaeen reaetI
..,...., wltll the .... COIDples. Howner Wy., dell. (22) found tbat treat­
..t of 1M autriat lubstrate with t.... (kbloroethy1)..mlne prior to In·
onJatlGa with .IIwOCOCCtU a.,.,... r.ulled In a liplflcant Incr.. In ibe
...... of aaUbJoUc f8Ilatant mutants. It wu beUeyecl that tbe mUltard
.. eoaaple&el, h)'drolJUd at lbe time of Inoculation becau.. no oclor ,....
detectabl' n4 no Inhtbltof1 ,fleet wu noted. Thll apln appears to be •
... of lauad pne 81Dth.... due to altered metabolic proceaee In ..
......&1 I1IbItra&8.

In Tlew or &h.. preliminary uperlmenta It eeeme Tery plauable to
...... that the alt.red metabollim theory mtabt be operaUTe to a peat
ateot In , of the IRIppcJHdly Induced mutation.. Therefore tn worktar
wltll .., m tc '71tem on. faee. at IM8t four poulbUlU.. for tbe mode
of Ulloa of the mu....n. n ... are:

1. n. IIIUtapa &eta dlrecU, on the pne Itselt.

a. TIl. • ......n alte,. the perm.bUlt, of &he cytoplaamlc membraDe
lb. ano~ the IlberaUOD of 10m. tran.formlq lubstance (20).

I. n. apparent Inc...... tn mutant forml II due to uncovering of •
.....Iv. trait b1 It'malallon of .eoe reeomblnatlon (3).

t. The m....... Intert..... with 10m. metabolic pathway leading to ,eDf1J1l....... _4 th1l1 cau.. Inuaet duplication of the gene In tilt
~"t... celL
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