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!REFACE 

This dia ertation desaribea etudi into 1n mod of 

ction of the irotein antibiotic colicin Ef"F9 with ref rence to 

its in vivo ef:f'ects on DNA metaboli in Eschericlda coli. its ,!!l 

vitro aotiT1ty on DNA and 'the effect of other antibacterial agents 

on colioin E2-F9 induced DNA. degradation. Thi work was carried out 

during the period January 1968 to Ma,y 1970 in the Sub-d.epar1ment of 

Chemical Microbiology, Deparbnent of Biochemi tr,y, University ot 

C bridg • 
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Biochim. Biophys. Acta; 2lJ ( 1970 ) 320-334,. 
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"Natural philo ophy ought to be eate d the gre t ther 

ot the aciencee. en among tb:>ae who have attended to it, it ha.a 

scarcely ever p0sae.aaed a di d and wholeman_. but that it laa 

been made rely a p,.a and bridg to eomething ls • u,t no 

man look for much progress in the aoienc · • ... eapeci ly in the 

practical part of them - unless natural philosophy be carried on 

and appli d to particular sciences, and pu-tia.llar soi me be 

carried back again to natural philoeopey.. For want of thia, 

astronomy, optic , music, a rrumber of mechanioe.l arts, medicine 

al together lack Jrotoundn a, and rely glide along the eurfac 

of things." 

Franois Bacon, ( 1620 ) Novum Orgamzm. 
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ABBREVIATIONS 

The following bbreviations have been uaed; 

Aeri:f'lavin 

Actinoozy'cin D 

Adenosine triphosphate 

2,5-bia•(5' -t-butylbenzo~ol,yl•2 ' )•thiophene 

Chloramphenicol 

Col.factor Colicinogenio factor 

DAP 

DAU 

DNase 

DNP 

MITO 

ng 

NOV 

ORD 

F.EA 

Hll, 

RNaae 

TCA 

d.. : € diaminopimelic acid 

Dauncmycin 

Deoxyribomol ae 

2;4 dinitrophenol 

Colioin E2•F9 

Colicin E
3
-CA38 

Ethidium brani 

Ethylenediemine t traoetio cid 

guano ine tripho phat 

Minimum growth inhibitor,y concentration 

1 tonzy'cin C 

nanogrem ( g X 10-9 ) 

Novobiooin 

Optical rotatory dispersion 

-p Hlenetbyl alcohol 

1hl. QJ\YC1n 

Folyurid;ylio oid 

Ri'l;>omol 

Sodium dodeoyl sulphate 

Trichloro oetio ai 

V 



vi 

Tria Tri (h.vdroJC;Y--meteyl)-amino-methaJJe 

UV Ultraviolet 

Other abbreviations contoxm to the usage in th Biochemical 

Journal incorporating th ~sterne Internationale reoanmen&td 

IYl!lbol . 
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GENERAL IN.rRODUCTION 

Colici.ns are prot in antibiotic ich initiate apecifiD 

1 thal proces s in sensitive trains of inte tinal b oteria ~ 

ynth aiaed by other strains of such b et ria at harbour th 

corresponding r:etio det inant or oolicino nic taotor. 

The antagonistiQ ettect ot certain trsina of Eeoheriohia 

ooli toward other strains was first reported by Gratia 1n 1925 when 

he showed that E.coli V excreted a dif':f'uaible antibiotic subatanoe 

that particularly lethal for E. coli ft. dericq ( 194.8 ) later 

showed that the phenomenon of reciprocal antibiotic action a not 

restricted to E1 coll but could be found in maey other genera of t~ 

Ent robacteriaceae such as Salmonella and Shigella. It also became 

obvious th t mar than one antibiotic sub tanc or colicin was 

invol d and that an aotiYe strain could produce mo:r than one 

oolicin type. In addition bacterial trains producing one colicin 

to which they re necesaarily immune re inhibited by trains 

producing oth,r colicina ( dericq, 1957 ) • 

~ 1953 suff'ioient m.m r ot bacterial species in ddition 

to th coliform teri had be n reported as aha t hi antagonistic 

effect within their own genera, that Jacob~ !l• introduced t ore 

general tenn "baoteriocin" which was defined as a highly' epeoitio anti• 

b ot rial protein produ by rtain strain& ot bacteria d activ 

against • other strain.a of' the aam or related s oi a. Hamon 

( 1964) listed 27 bact riocinogenic familie including atra.ina ot 

.;;;;::;.;;.;:;,;;;,;;,;;:;,;:;...;--.1.:.-;;:,,;;:;=, ___,.....,_..,.... ___ ......... ..,;_._.., -------=------ and 

Fa.ateurella peatia and tOUJ'.¥1 that baoteriooillOgeny was a.a prevalent 

in nature aa lyeogeey. 
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Maey baoteriooins have be n poorly oharaoteris d and thia 

introduction will be lar ely restricted to di aion ot colic:lns, 

in particular colicin E2• Be.cteriooins in genel'al ere more exten-

,--an 1n rev1e by hanura. ( 1967 ) end Helland ( 1967.l?_ ). 

Colicins hav . been shown to interf 

in bacteria by initiating ohrano 

with maoranolewlar tabolisn 

degr dation ( oolioin E2 
) , 

oee ation of protein ayntheeia ( collcin E
3

) or inhibition of energy 

proauction ( colic ins K and E;J_ ) , ( Nanura., 196 3 ) • Fa.eh colic in 

has ita own oharact ristio ff et but it is questionable whether th 

ob rva.bl ffect are th direct cau of c 11 de th or the reaul t of 

a primary lethal prooe aooi te with o 11 manbrene, ince the 

killing action of colicins 1a a ,single hit proces ( J, cob _]_ .!l•, 

1952J and ae t xt ) yet the ob rved biochemical ef'f'eota are frequently 

dependent 1n natur and extent on the number ot colidn oleculea per 

, 1967; I.ur1a, 1970 ). Owing to the reversibility 

of 1r a.ot1on by tryp in, colicin molecul bel i ved to remain 

near th o 11 urfa ( Nanura and Nalc:amti.ra, 1962; R ynolda and Re vee, 

1963) but the exact lo tion o~ 

cua d 1 ter. 

ir i '?f operation will be dia-

(a) .. c;;;;;;;.;; __ if ... i_,oa_t_io __ n 

Colioin nanenolaiUre involv at use o-r e.n alphabetical 

letter to indicate rec tor p oifioit.Y, followed by num r to 

indio t t sp oif'icity of immunity of th produoing train. 

lioins l1'11f cl itied into 23 dit't rent cw a ( Hamon 

ron, 196.3 ) according to the so e of lirederioq ( 1949 ) who 

originally found 17 olaa · •• All oolioina in grw.p E use the 

c ptor it a 1n aemi ti: atraina and jt; 

ite w aimilar to tbo used by pha,g ( 

belie d that the 

dericq, 1949 and 1957 ) , 
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so that phage BF
23 

used the colicin E eite a.in phage T6 used the 

eolicin K site ( Nanura, 1967 ). However the findings and the 

whole concept of colicin receptors baa re ntly be n questioned by 

Smerda end Taube ck ( 1968 ) and their observations will be discua 

in section ( d). 

Group E ubdiv by virtue of the immunity of a 

colioinogen:1.o train to the lethal action of a hanologou colicin. 

Although oolicinogenic strains pos sa the potentiality or yntheaiaing 

colicin co f by th p,.rticular colici.no enic or Ool. f ctor very 

ou l.y and d:uotion 1 ssary aa in lysogenio etrains. 

Therefore a acterium oerr;ying the Col. factor for colicl.n i i i rnmune 

to extrac llular E2 but is a nsitive to colicin E:i_ and E.3 ( a Tabl 

1! ) . 

Colicins uaual13' :further identi:ti d by giving the coding 

ot t original producing train prec c1ed by the o).asaU'ication Wlllber. 

Thl.is colic in 2 i.s usual.l:, d •cribed 

the origin of the Col. factor. The rec ptor apeoi:ficity classif'ieation 

of dericq, ( 1949 ) relie to large extent on the isolation of 

re iatant mutant that hav lost the pecitic receptor sites tor 

group of colioina studied. The situation is however fe:r: more CQillplex 

since there are mutants which, despite being resistant to the l thal 

action of a particular coliein. are still able to adsorb the antibiotio 

molecule, i.e. the toL rant mutant ot N~ am itten ( 1967 ) and 

the ret' cto17 mutants of Hill end Holland ( 1967 ). In addition it ie 

reported ( F.amon and Peron, 1966; Hill and Holland, 1967 ) that tanta 

ha: be-en isolated which ha lo t th ad rption paoi ty tor oolioins 

E2 an 3 but not E_i· It t to looks has a a parat 

receptor ait · to E2 and E
3
• In contra.at another oolicin which wa.a 

gi n the let r P because or it ifterent t tabili ty to the E 

group waa found to have a a1m1lar mod of action to oolioin E2 may 



proba l.y th E re ptor it ( 

Colioin P 11 ha: b miscl itied inoe 1n dd1t1on ita 

he t et bility w d pendent on purity ( N ura. 1967 ). 

et riocins 'fr divi 

into groups A, B and C according o th ir ral propert 

of production to tb cUtti ty of iaolat •1• t tenta 

( Holl , 1967.£, ) . 

oteriooins in ge ral vary wi ly in th ir oal 

canpo ition; the group coli c ( He chman and Helinsld, 1967._ ) 

and egaoin A ( Holland, 1961) appear to p.ire prote whilst 

others ~ et riophag , e . g. colicin 15 ( Endo t al., 

1965 ), certain pyocina frail , e.erue;inoaa ( Nanura* 1967) and two 

peculiar baoteriooirus :f'ran Lister monocztogene ( Brad1ey and Dewar, 

1966) and t al., 1968 ). In contrast 

cteriocina are ry similar to the tic antig nor part ot 

the gr c 11 wall of t t colloinogenio train, 1. • colicins 

K, A and V ( cmur , 1967; Hinsclill am Goebel, 1964. ) . Goe 1 arxl 

Barry ( 19.58 ) :tirat d tha olicin K ct1vi was ciat with 

pr:o· 1n plex that p nol ext otion proclu 

10-100 times ore oti • dill d Go bel 

( 1966 ) _ lat r ahow d tba th protein oiety w.as not charaot ria i 

of th baotorial apeoiea carrying t K Col. f otor but t t th lipo• 

polysacoharide o ponent rea ble p otth 11 nv: lope of the 

pr 1ng atrain. 

.u:;11.;~r igh • o 

rAT'laA Of 30,000 to 100,000 am 00lio 

t protein ba.ot 1oo1na in the 

in char et ris 

by t U' p ial to 

• Colic ngat t 



5 

in their antigenic propertie and e1. ctrophor io obilitiea 

( ricq, 1957· Ncmura., 1967 ) . 

Hersohman and Helin.ski ( 1967.A ) demonstrated that 

colioins E2-.F9 am E3-CA38 ar . entirely protein with molecular weight 

clo to 60,000. In addition oolicin 2 i reported to have two 

1 ctrophoretically diatingui habl but iriteroonv rt ble forms at 

pH a. 6 but not pH 4.0. not the r ul t of aggregation 

and is believed: to involv a chazlge in econdaly or t rtiary protein 

atructu oau il'lg a reduotion or o n t po itive oher in going fran 

the hi to th lower pH i o lectrio t ( H ohnan and Helinski, 

19 7 . _ ). .Amino acid analysis ha rev aled the.t both colioina ha 

t of hydrophobic ino e.c::l. and only one cysteine 

re id: per prot in olecul.e consistent with th propert1· of certain 

other rtra llular prot ins ( llook and R1ohnond, 1962 ) • Inmuno-

C cally colioins E2 and E
3 

sooiat with rec ptor 

region that 1a CQIDDlOn to both end 

oiJ'icity, e.l o a charaet ristic 

gion which may be as oi d rlth iDJnunity ,md target specificity. 

In contr ( 1963 ) had hown arl1er that colioin 

E2 CAA.2 or F con--. .. · ........... 5-16% carbo}zydrat and perhap lipid 

t rial ( Hin.sdill and Go bel., 1964 ). Its mod of action and 

tryp in rev: ibility app,ar to 

E2-PJ d -crib abov. 

identic!ll ho 

Colicinogenic or Col. f a.ctora ar 

r to eolioin 

coil d dupl D mol culea ( Roth ani H linaki., 1967) pre ent 1n 

colicinog nio ·atrains, responsible on inducti on forth ayntbeaia ot 

colicin prot in an can umer c rtain condi tiona i.n.f: et noncolioino-

nio atr of tero et r ia 

contain 104-105 m cl t p ra tance transfer 
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f cto • f rtility faoto and ~opha.ge to ar,yi%lg de,w.z,,.,,,. .. 

( itt Helinski, 1965; O ld, 1965 ). 

In 191B3 rioq e tablishedtbat ability to 

ynt oolioin could 

colicinogenio • raine. 

d that th 

1cular Col. r ~or 

tran erred by oeU contact to non• 

t if 

1 Zwaig et ., ( 1962) 

ture or 
Brr nonoolicinogenic train 

oro with F- colioinogenic atrain then tho noncolicinogenic 

pro 

It oonoluded fr the d other riment by Stocker t al. , 

( 963) t C 1.. t cto into t t trur distinct 

Clas ( by ura, 1967 ) wi h rtie ranging tran 

t or t ( cla III rv, i . . • c lioin group 

tho of t tility facto ( cl.as I, i •• oolicin 

B, Va v, ). 
The lecul. pro rti of the COl. factors ubatantiate 

this g netic olaasif'ic tion inoe it been shavn that plasmid Col. 

fa.otora of t amall olecular. weights ot 5 10
6 

arid 

whiob 

epiaomal•l.ike Col. 

ol cul weights f, to ot th 

ppro ohing 10 or olo 4r re bl th fertility f tor which 

only o c py per-chro oa ( Ba.zaral and II linski, 1968 ). 

~ r a. di cuuio.n of epi • and p ids ae HaJ'8• ( 1968 ) . 

Th aiz up Col. fi to ( approx. 104 nuol o-

a certain of info tional 

ida) is only produ • T phenomenon or re. a 

tent 

ttioient atio ot a 

1aion ot 

r otein nece aary to t 
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preservation of a b cterial strain ( howe r s Ilcari t al., 1969 ) 

or dit'ferentiation or an animal c 11. The Col. factor may also code 

for protein re ponaible tor the imnunicy- phenane 

Synthes· of colicin ia a lethal proce a for the oolicino

genic strain but unlike lyaogenic phag there ia no :immediat cell 

lysi ( Ozeki et al. , 1959 ) • Spontaneous oolicin production occurs 

only a.t low frequency. In 1952 Jacob t, al., first showed that 

synthesis ot colioin Ei_-ML could be induced by UV irradiation, and lat r 

Iijima ( 1962) found that low concentrations of mitanycin C induced 

ol s III Col. factors ( group E colioina ). Claes I Col. factors are 

not induced by mitanyoin ( Herschnan am Helinsld., 1967.l?_ ). Other 

m thoda previously used £'or inducing l.yaogenio phage uch as thymine 

deprivation and hig)l temperature treatment of' t p,rature enai tive 

mutants also proved successful tar induotion of cert 1n oolicins 

( e Nanura, 1967 ). *ore recently runov et al. , ( 1968 ) have 

porte th inducibility of colioin ~ by triphenylmethane dyes, the 

tt ot behlg enhanced by illumination. 

Helinald. and Her ohman ( 1967) found that reoanbination 

deficient ( reo - ) mutant of class III colicinogenic trains did not 

produce ooliain pontaneously nor oould b induced to do o. A similar 

phenan non was obae d with lamda phage. However indirect induction 

poaa1bl by + + - - + ting a UV irradiated reo F strain with a F rec · ool 

strain. The eneym · det rmined by th c ge are therefore probably 

involv d in the f01tll8.t1on ot an inducer from UV danaged DNA. T rec 

g ne is not nece ary tor th ~ saion ot immunity or the a.bili·"7 ot 

bacteria to acquire, maintain transfer clue III Col. faotor • 

aaion of cl.us I Col. f ctora ia unaffected by the reo - muta:t::l.on. 
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r induction of olaa III colioinogenic baot ria with 

mitomycin C th 1• unregulat DNA yntheai th the produeti of 

3c-100 Col, factors p r bacterium ( De iitt and Hel.inaki, 1965 ). 

Ho ver this mul tiplioation of Col. ~ otora not appear to be 

necessary fbr oolicin prcduotion n Xohiyama and Nanura ( 1965) 

observed t t no:mal induction ooour in .. temperature in<lucibl col+ 

E2•P9 :utant strain under condi tiona of inhib~ted DNA yntheais. 

Colicin activity is fir t det et 20-,0 1n after induction ( Hereohnan 

and Helinsld., 1967 •k ) during which t there wu no inhibition of 

nonnal cellular protein synthe i • Ohloramphenicol prevents colicin 

ynthesia• but if' prea nt durillg the 20-30 min lag period anl then 

remov d, colicin aynthe ia is immediately initiated ( Her ohman and 

Helinsk:1, 1967.~ ). 

(d) chanisn of ction ot oolicina 

Jacob et e.1., ( 1952) originally onstr t colicin 

daorption to senaiti baot rial raina by the loaa of oolicin 

otivity th culture medium. da and Nanura ( 1966 ) ha:111 

shown ore directly, uaing radioaotive11' lab lled colio1na 
2 

and E
3

, 

that adsorption occur on s naiti cells, tol rent cell and even the 

fioient utanta. 

It w s alao oolli'umed th t colioina E2 am E.3 bind t the sit 

aince they exhibit an in re binding ratio to aoh other. 

mentioned previously the killing action of oolicina i11 

believ d to be a single hit process and not to invol a ultipl oo• 

operative effect due to several coliai.n moleoul ( Hedges, 1966; 

Shannon and Hedg a, 1967 ). However ths 37 lethal do e ( e Ch. 4 ) 

baa been f'qund to correspond to a oolicin molecule p cell ratio ot 

pprox. 100 ( ! am Nanura, 1966 ) • Th1.e me11.n11 tha. t for a aingl. 
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lethal event to ocwr t 1 t 100 oolicin olecul a uat be 

adsorbed by the beoterium. 'l'hi apparent paradox may be reaol~ 

by auming that (i) the colioin molecule are h,terogeneou (ii) the 

receptor it a are heterogcneoµa, or ( iii) th re ie ·an ineffioi t 

tran is ion proces occuring wh n a colioin molecule binds to it 

r ceptor ite with a chmoe of 1:100 of initie.t~ the lethal prooea 

( Holland, 1967.,£ ) . denoe 1s inorea.aing'.cy' supporting (ii) whtreby 

colicin molecules may bind to non-lethal receptor 1 tea in addition to 

the ffeoti: ( lethal ) receptor ( Shannon er:d Hedge , 1967 ). 

The location of the oolid. .,_, :.:ec tor ite originally 

}zypotheaiaed as near th cell surface owing to the ability o'f tryp in 

to digest colicin from treated cell.a end hence prevent th lethal action 

if add d w1 thin a certain tim a:f'ter adsorption of oolioin to cell 

( Nonura and Nakemura, 1962; Reynolds and Reeves, 1963 ). The ,vorlc of 

da end ( 1966 ) th auboellul tracti tion after tre tm t 

of c 11 with labell d colioin supported tltl.s am becaua of the propoa 

imilarity tw colioin an phage adsorption ( dericq, 1957) th 

receptor site was thought to b in th muo.opeptide region between the 

inner and outer m br of the gram-ve b oterial c 11 nvelope. 

1cmura ( 1963 ni 1964 ) proposed his transn ion theory whereby the 

colioin mol cul i p citically and ir ver ibly bound at th oell wall 

rec ptor aite and t'ran this poait1on initi t lethal sequenc ot 

venta which are transmitted through the murein and oytoplasnio membrane 

la,yera to the bioohemioal targ . .,t ich is on the inlier aurt oe of the 

m bra • T ffeot of colioin on the'' biochsnical target "gi a rise 

to th ob rv:abl biochemical changes ( i.e. DNA degradation for colioin 

2 ) but theae may not neceasarily correspond t o colioin ction on the 

'' killing tar t " wh:lch g1 a ris to the 1 tha1 nt ( Nomura, 1964 ) • 

The kil ling target may how ver s t:imea be -the the bio ioal 

target or could be a bran canponent nee saary for a vital cel luler 

control process sich aa replication. 
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Th tr iaaion t ory pported th b quent 

i olation of numerous tol rant ( 'anura and itt n, 1967) and 

refractory ( Hill and Holland, 1967 ) mutant ich proposed to 

result a malf'u.nction in o 

adsorption and final action on t tar t . naiti 

tor vital toler were u 1nvol 

prot 1n in the tran.ami aion ay ( Tanur am itten, 1967 ) and 

1 Zwaig am IA.lria ( 1967 ) hav h n that certain tolerant 

nt indioat 1l1g t 

in the atruotural canponenta of the blc rial cell env lo • 

alteration 

Hill and Holland ( 1967 ) mod:i:tied Nom.ur ' th ry by 

propo ing a dual role forth cell aur:face "rec ptor", the first for 

binding of prot in d t a oald for correct orient tion o the 

bound mol cul relat:t to the oytopl i c m bran • In addition 

Holl ( 1967 ._ ) po tula d that the T.?'1ln,,tfflia on at interrupt 

"r lator.r circuit " sociat with the cytoplasmic m b.r'. ( Jacob 

nd :..onod, 1962 ) hich normally. control and eo ... o~te plication end 

, protein synthe i and energy JrO(luotion ( se Fig. 

oppoait ). In uJ:port of this th ory th re substantial videnc 

that th 3 main bioch io 1 t t for oolioin att ck are ociat d 

with Cha. 5 6 ) , i.e. chr o anal DNA 

( Jacob t al. , 1963) ribo an a ( Sohl ainger, 196-'; Abram t al., 

1964) and oxidati phosphoryl tion ( lase 11 1 1965 ) . 

. or recently oolioin otion has b more clo ly u ooia: 

with 

con!" 

brane • 

tio 1 C 

pliti tion o 

Chang and Thiery ( 1967) propoa d an allo terio 

of hypot ti ubunita to expl in 

•in hit 1 tha.l event to th t 

bioch cal ...... , .. -ta. Thi• t ory waa turtber xtoi.4-:1\,1. by Hunter t 1. , 

( 1968 } to xplain the mechani of' action of scrapi "virus". The 
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Chan,geux and Thiery theory envi ag a or direct colioin/membren 

interaction a.Bi thi • "" confizmed by Sne..rda and Taub ck ( 1968 ) 

who show d that L-fom of oolioin aen itiv cteria, that ia cella 

without mucopeptide end outer m brane layer ( protoplaat ), had an 

inoreaa colicin su ceptibili1;y yet were 

Colicin end phag receptor ite di:t'f er therefore in t t one 1 on 

th msn and the other 1 1n the c 11 wall. Smarda. and Taubeneck 

proposed that oolioin adsorption may oocur t either the outer o 11 

wall or cytoplasmic membrane but it is only the dir-,ot and prObably 

re eraibl interaction of the colioin molecule with the cytopl ic 

membrane that results in the effect on the killing tare t. They 

dismiss a possible fixation of colioin in the cell wall arJd tra?US• 

mission of the lethal stimulu to the killing and biochemical targets 

s propo ed by Nanura ( 1964 ). In ddition it 'W found th :t trypsin 

recovery of oolioin treated L-forms waa greatly reduced. It would 

therefore app that oolioin can bind non-lethally and 1rrever ibl.y to 

outer cell wall receptors but it 1s the direct pecific interaction with 

membran that 1a lethal to th. cell. This may explain the 100 colioin 

molecul per ingle hit paradox and is conaiste.n with t lethal and 

non lethal binding su1 of Shannon and He s ( 1967 ) and the reaul ta 

of Bhatta~ t al., ( 1970) who found th t proline acounulation in 

1 olat d m brane Vi eiolee :fro oolicin r istant end tolerant mutant 

re pectively inhibi and unatt et d by col1oin. Colicin killing 

tion on ole lls therefore pro bl;y involve colioin mtration 

of the out lipoprotein lipopol.ya cchar.tde lay; rs in th c 11 w 11 

r and A1"1n.,.,...on, 1965 ) , which oculd na.ITOW in 

siatant utants, am aub nt direct colloin interaction with t 

Two st e oolioin ad orption has ala b det oted 

ura ( 1966) end Reynold and Reeves ( 1969) but the 



o rill chanisn of colicin otion, adsorption and the nature ot 

tolerant mut tiona fer f'ran oleai- t present. 'l'h a r sults 

on ad orption may explain the gre t di par:i. ty o the number ~ oolicin 

r c ptor it per bacterium 1ng fr 100 o 2-3000, ( ve, 

1965; ing mum ld, 1965; da and r anw:· , 1966 ) • 

In order that a biochemical effect i tie(actorily fined 

at a particular oolioin cone ntn.tion it i nee S84117 to use the 

multiplicity or number of oolioin kill1Jlg units per be.cteriur. ( 

and Na:nura 1966 ). One killing unit is defined as the minimum number 

of oolioin molecules needed to kill a sill,gle bacteri and ha.a be n 

found to pprox:imate to 100 ( 

of DNA induced by ooliain 2 and inhibition of cromoleouler synthe is 

by colioina E
2 

am 3 trongly i.nflu by t multiplicity in 

contr t their killing et.feet which 1 ingl hit ( Iuri; 1970 ). 

Colioin l ir 

lli e fi ot intcrfer with ooi ted n,rgy 

pro ction ( Inria. 1970 ). 

The effect of oolioin which result in oell de th are sp,oitio 

and riot the re ul t ot general cell age. It wa sho,rn ( Nanura, 

1963) that colioin did not oaus llJ'\Y 1 e of phoapha.t or Beta 

galaotoaidaae fro enaitive C lla t multipliciti 8 up to 50 killing 

unit per cell. In addition p :l.nfection and multiplication waa not 

aignif'1 lJ,' arr cted t lO'li colicin i; ·multipl icities. This anon-

• ra th :t pi the licin 1rd ho t D tion, 

0 t O t 

trypsin 

t prevent th D 

l'llthetic woce e 

te wi colioin ( Nnrnn'rlll 

tion of 

ain intact. T 

1962) 

ryp in 

tabolio inhibitor• 



fill 
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Colioin 2 t 1 ..utiplioiti cally induce 

de dation of c.hrcmo al DNA. r lativ l.y ina n-

iti attaok ( ·, 1963 ). Ct r 

for e pl (i) timul tion of g etio reoan-

bination ( Oniur , 1967, (ii) induction ot larnbda \p ( do et 1., 

1963 ), (iii) l inhibition of DNA aynth in contra.at th the 

r pid inhibition by UV irr diation ( Clar t al., 1966 ) and 

(iv) inhibition of cell !vision ( Holland, 1968 ) probably direot 

cons quenc a o'E colicin 2 in :uc D degr tion. In con rut to 

the work or o ( 1968 ) with L-f 
' 

ura and 

da ( 1965 ) and .::JU"' ......... " ...... ( 1965 ) tound that although E. coli phero-

plast adsor d coliein 2 the· e itivity ced.. This wu 

pro bly d to the partial protection of ot ria :,. colioin tta.ok 

by high o otio saure r port d Beppu and .Ar1ma. ( 1967 ) . 

At h1g r ultipli iti o 1;1.cnn 
2 

syntheses I inhibit , 1967) d r;i.bosoma! gr de 

t al., 19661 ros ond izuno, 1968 ) . Ther 1a no otivation 

ot pho pholipa activity by colicin 
2 

in contrast to colicina K, H, 

Q, A, 1 and E.:, ( Cav t al., 1968 ) and no ans in lipi c -

po 1 tion ot 111 br ( t al. , 1970 ) • At c eai ely high 

multipliciti 1 ( 1965) found that spiration is inhibited. 

Colicin E2 clo ly re 

leoular ight and adso. t1 

bl coli cin E
3 

1n chemical canpo ition, 

( H ni Helinsld., 1967 ._ ; 

otein in th 238 co 

inc colioin . 
3 

or th 308 ribo anal aub-

unit 

T 

by inhibits ot in yn ia ( \.Oni N ur 1 1967 ) • 

or gra tion. other col1c1.ns :ve not 

in 

milarly to coli 

will 1ndu lambd.a,phag but t 

( on and Peron, 1965 ) • 

l b hich pe 

.:-:.~· , 1968 ) • 

to ac 
Colioin P 

1 no detectable DNA gradation 



Preliminary 1me t ti by NJrTTTI>-... ( 1963 and 1964. ) 

• 

.. .I ..... ur.i. .. ion but appean to n 

( Hol land, 1967.]2. ). netio · 

st t oolicin 2 

do no initiat 

In contrast m gaoin C alao inducoa D 

protein ynt is for this to occur 

.a.en.ce { hrelfall am Holland, 1968 ) 

leu y aimilar to t 

involved. in repair of UV u.au.icr.Koi:JU. D o binat :Ion. Col1oin E2 

w t refo 

oid met bol 

ral. 

( ) ~~Q.:;::.::...::;.:Of:......;;thp~. ;;.:Pro~bl.:.= 

for inveeti control ot llUOl ic 

ohani ot action of colioins in 

qu.e tiona e.riae from the biochsnical eff ots ot oolicin 

E2 and ar listed below; 

(1) How do oolioin E2 ap cifically initiat tack by 

? ppo y e.oting on the ou r surface of th 

(2) Since re 1a no nu lea.a 

normally pre nt in 

by colicin interference with th 

II which 

by colioin 2 or d ontrolled 

oircuita" which no:rmally only 

act1Yi und c rtain c_n r..--.:,:L'Tiatam s in 

replication, repair, .,..,"V'lmbina ion rte? 

(3) t ·nuole in t at on ohrt>moa al DNA 

wey ia phage DNA re1 ti ly nsiti: ? 

(4) I£ the nuol • are not decontrolled or activated, is the pb.ysical 

state ot l red in any- way euah local 1atort1on, de-

na:turat ion or a chang in tho 

replication it ? 

aLation D with at 
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In addition to thee questions it i ibl t propos 

conflicting t ori ot colioin action. All present th ar1ea 

non- tration or the inner b cteri em e. It could b that 

only o colicinmolecule in hundre g t a t h, interacts directl y 

with i t biochemical target r lie on the other colioin mol cul a 

bound. to the outer surf'a of the m brane for a initial ff et. 

Thi would still consistent with the re 1.bility of colicin action 

by t ent of colicin iJ10ub ted bacteria with t ryp in and th lo tion 

of radioaotiv, l.y l 

:r omura, 1966 ) • Aleo since oolioin E2 only one primar;J' biochemical 

target ( the b11Ct rial chrano ) there 1 no apparent probl 1n 

xplaining the " pl1fication tf et" of colicin action. However 

direct interaction of oolicin E
3 

with 1 ta mu1 tiple bio ical terg t 

( the ribo ) ia dif'ticul t to envisage using this penetration theory. 

Colicin oould al d aa a. two com nt syat , in 

which lar caITi mol cule attache it elf to the surface of the 

bacterial oytopl 0 

netrat into t cell, or 

inco:rporat d into th oytopl 0 

a c ponent to 

fecti e m brane prot 1n which is 

bra.ne diarupting th aaaociat 

c llul control ohanisma. Al thopgh th a theorie 

le lik ly, they er till tl\f of inv a:tiga.tion. Nanura '• initial 

exper:lmenta on in v1 ro action of ool10in were very preliminary an1 

turther 1nv ati tion w needed to tablish wbet~r colioin E2 d1r otl.y 

in raota with D in aJ\Y way. 

at iona on th bioc ic 

0 

of the 

ots or colicin 2 and 1nve tig tiona 

a i le conflict ing theories of 

colicin et n. In t laat r ont ports , • 

col i cin 
2 

oea not activate azrr known llllcle in vivo b.tt • 
initiate attack ot DNA using an endonuoleaa ( Obinata and lliauno, 1970) 



F 

e.lao that the 

which irreveraibl end occur af · r. 5 min inc::ula tion of 

ot ia th oolioin E2 ( Nose t al. , 1970 ) • 

16 
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METHODS 

( a) EACT.m!AL STRAINS 

The bacterial train routinely used for production ot 

colioin E,, was Eacher.ichia. coli 10.2 TR2 which oeiv oolioinogenio 
c. 

factor E2 from Shigella i9 an1 donat d by &oteaaor P • .lt"'rederioq. 

The sensitive train routil ly u E. ooli Kl2 ROW Strr llet -

Stock No. CL 142 which donated by Professor G. Meynell. 

For the purpose ot ar-oas<haraoterisation of colicinogenic 

strains th · following bacteria N used ( e Ch. 1 ) J 

Stock No. Description 

trains 

M.388 

CL12.5 

CL124 

CIJ.31 

CL223 

CL232 

(ii) trains 

CLlJ+.5 

CLl.47 

CIJ.8 

col+Ei_ E. ooli ML 

col+E2 E. coli Cil42 ( e<Flivalent to ool F) 

+ col E3 E. coli CA38 

col+K E. coli 235 

col•Ia•CA53 1n strain CLJ.42 

col+I.b-19 in strain CIJ.42 

• coli ROO/E resistant to E group ot 
ool1oina 

E. coli ROH/I re iatant to I group of 
oolioma 

E. coli strain ~ ( Gratia 1925 ) 

All were donated by Prote sor c.. Meynell. E, ooli CLl.25 . 

produe d oolicin E2-C.A42 ( R evea 1963; Reynolds am Re vea 1963a 

Nanur 1967 ) which di.ff red in ioal oanposition oolioin 

E2-J:9 routinely used in the following work ( Hersh:nan end Hel1n.aki 

1967 ). 
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E. coli I0.2 1000 and 1 ta ndonuele se I~ mutant train 

1100 were donated by Proteaaor H. Hoffmann... rling and were usec1. 

in Ch. 2. + -E. ®li Kl.2 uvr ABll57 and E. col1 Kl2 uvr ABJ.885 were 

donat d by .frof a or P. Howard-Flanders -end re also us d in Ch. 2. 

re t~ 

the laboratory culture collection. 

{b) 

(i) The ynthetic medium K9 desoribed by .Anderson ( 1946 ) WU used 

for growth of all ooli Kl.2 trains and contaimd 50 _ Na2HF0
4

, 

20 _ NH401, 20 _ KH~4,' 20 !! glucoa , 0.1 _ MgS04, 10 ~ F 013 
sn:l ,g caaamino aoida { Difoo ) per 1. The staniard indicator strain 

E. coli R waa also grown in the presence o-r 200 ug streptomycin per ml. 

and where indicated l methionim instead of casamino acids. 

(ii) For production of T4 phag uaing E. coli B a host the following· 

medium w s used ( adapted frail Tbana and Abelson, 1966 ) J 100 _ 

Trta•HCl pH 7•4; 10 m!_ N Cl 1 ._ MgS04, 0.64 !,E! KH~
4

, 0.2 _ CaC12, 

.5 ~ 01
3
, 20 _ gluco e, 1 _ tryptopha.n and 2g oaaamino cida ( Difeo ) 

per 1. 

(iii) Growth ediun fer •Wodiekti~ was 5% ( w/v ) Difeo pepto , 

0.1% ( w/v ) y, aat extra.at am 0.5% ( wf ) NaCl adjusted to p 7.5 

with NaOH. 

Stock cultures ot E. coli Xl.2 were maintained by eubeulturing 

on Do t Egg lopes aoh nth and tored at roan emperatur • 

Cul turea use 1 • quently were lyophilised and us d when neeaea. 

The 2 etraina u routinely ( TR2 and CLl.42 ) ere maintain 

auboulturing into M9 liquid di.um. All b cteria ere gram under 

0 a robio oomitiona at J7 and culture denaity was estimated by 

abaorbano at 600 SP-500 apeotropho 
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The pproximat relationahip tabliahed for E. coli lQ.2 

OD600 ot 2. 0 • 1 mg dry ight c lle per ml • cell d.enaity 109 

b ot ia ·per ml. 



Cre tin pho phold.nase ( 180 units/mg ) 

Deoxyribonucle 
units/mg) 

I ( RNaa free; 2200 

lo'ao.z ( gg white ) 

Pronas ( grad B) 

Riborru.ole A ( 3560 unit ,kg ) 

Ribonucl 

RNA po}J'meraa ( 2000 unit /mg ) 

Trypsin ( panore tic) 

Y ast Inverta 

(11) Prot in 

Bovine aerum albumin ( fraction V ) 

Ovalbumin 

( iii) Antimi~obial yent 

Acrifl rln 

Actinanycin D 

Chloramphenicol 

Daunanycin 

Ethiduim 

tanyoin C 

Niein 

Nogalanyoin 

biocin 

2-

ide 

Fbl cin ( t No. 64. L 12,S ) 

0 1x1n 

Streptomycin aulpbat 

20 

Boehringer 

'i.orthington 
our Fhatmaoeuticala 

Calbioc 

Worthington 

s~ 

Biopolymera (gift) 

B.D.H. 

Dr. D. Kidby ( gitt ) 

Armour Fbarmaceutic la 

Dr. .J. Waring ( gitt ) 

eroke & Co. (girt) 

k, Davia & Co. 

Dr. .1 .J. Wariz,g ( gift ) 

" 

Simn& 

Dr• L. Ingram ( gift ) 

Dr. M.J. Waring ( gUt ) 

Upjohn 

Bristol Laboratorie• 

Glaxo 



(iv) Radioc 

( '11) dieminopimelic oid 

(14c) _guanosine triphosphat 

( 14c) pheeylalanine 

(m tey1-\) th,"ymine and teymidine 

( 2 .. .l4c) th.}imi · 

( 5. 3ii) uridine 

(14c) valille 

{v) .:,Ot.:::::· =:.-=.::::::.::;;;:oal=:::.• 

B(Yl' 

5-Br our oil 

Ca sium Chloride 

C siun. Sulphate 

Calf tcymua DNA 

Creatine pbo phat 

Hydroxyl p tite ( Biog l HTP) 

ercapt thanol 

Nucl otide tripho phat 

Polyuridylic acid ( 2. 2 )JIJlOl /m ) 

Sarkosyl NL ( 35 ) 

Se haaex 0 200 
Carboxymeth,yl ( CM...050) 
Diethylaminoothyl ( DEAE-.A50 ) 

l other eh icala • 

ochemioal Centre 
raham 

" 
n 

" 
ft 

ff 

" 

Cib 

Si~ 

B.D.H. 
Fi o 
Hershaw 

B.D.H. 

Signe. 

bringer 

Bio Rad ( Calbioch. 

Ko~ 

Siflna. 

ehringer 

igy ( gift ) 

Fhannacie. 
It 

" 

) 
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EXPERDmN'rAL RESpLTS AfID DISCUSSION 

The experimental section i divided into 6 chaptereJ 

ee.ch chapter has ita own methods and reaulta sections am chapt ra 

}-6 have separate diacu aion ectiona. Owing to the diversity ot 

xperimental procedures and technique uaed a certain amount of' 

di cuaaion i alao included in the resul ta sections. Specific 

introductions are given at the b ginning of chapter }-6 in order 

to give a more detailed account of previou ly publi ed work 

relevant to the particular chapter and the rea oning behind the 

experimental approach. The reaul ta from all the chapters are 

correlated in CONCWSIONS. 



PI.AT 1 i 

C racteria tion of col+ atrai a by the zone aethod. 

Colicinogenic strain• w re stabbed on to nutrie ta ar platea 

and incubat d for 48h . Th plate• w re then chlorofona d and 

the indicator train added in liquid a ar using the double layer 

technique . The photo rapba were t en aft r a further 24b incub. 

(a) Col+etraina T 2( 2) , CL124( 3), CL131(K) 
Indic tor strain CL142 ( OW) 

I 

(b) Col• atraina R (E2) CL124( ~); Indicator atrain CL18 (1f) 

23 

CHAP1'ER l 

Turification ani Charaoteriaation of oolicin E2" .. p; 

In order to eliminate artefacts du to impure colicin 

prepar tiona whilst investigating the bioch ical ff ota of colicin 

E2 in vivo am more especially in vitro, it was necessary to pirity 

and oharacteriae the E2 prot in. 

METHOOO l 

( ) Cro ohgcteris tion of oolicinos,nio strains 

. The methods used for detecting and characteriaing the 

biological activity of colioina are e ntia.lly the am as those 

d scribed by Frederieq ( 1957 ) • 

( i) Zone method 

Colicinogenio trains were tabbed on to ( w/v) nutrient 

aaer ( Ditoo ) plate ( in glaas petri cliahe · ) am incub ted for 4.8h 

0 
at 37 • The plates then inv rted over ohlorofonn to kill th 

bacteria. A£ter removal of the chlorofom., the plates were overlayered 

with.4 l liquid ( o. 7% ( w/ ) and at 47° ) containing an 

indicator strain in late exponential pha eat approx. 107 bacteria per 

ml. Ipcubation 
. . 0 

. continued for a further 24h at 37 • Inhibition 

zones unding th ori 1nal colioinogenic colonies observed on 

the resulting conf'lu nt growth ( Plate li(a) and (b) ). The aiz 

o th zones C8ll by the dit:f'Uaion of ditte nt oolioina are ehown 

in Tabl 11 1ng varioua .ind.icator strains to characteria particular 

colioina. Colic th largest zon s, with 

oolicins Ia Ib 

charaot ria a.a an E group colioin by the re iatanc ot indicator 

strain R /B anc1 as 2 by t reaiat 



PI.ATE 1 ii 

Characterieation 

A colicinog nic •train w streak d aero•• a nutrient agar 

plat l!d incubated for 4 h. The growth wae scraped oft and t he 

plat c lorofora d. The indicator •traina w re •treak d acr aa , 

and photographa tak n fter a furth r 24h incuba ion. 

Ei 
I 
I 

PfJW 
E2 

3 E1 

4 ROW/E 

~ 

(a) Col•atrain TRB( 2); In icator atraioa CL142(R ), T 2(a2), 
38 ( t) , CL145(ROW/E) and CL18(~) . 

(b) Col•atrain CL124( 3)1 I dicator atraina CL142(R01t'), 
CL145(RCM/E) and TR2( ). 

The other colicinogenic atraina re all sensitive to colioin E
2 

and each colicin had its own pa.rtiallar resistance ~tt rn with 

re peot to the indicator atr 1na ( Tabl 11 ). 

(11) Streak .tbod 
A colioinogenio train was streaked across a nutrient agar 

plat and 1.ncuba d for 48h t "57°. The growth 1'8.8 craped att and 

the plat sterilized with ohlorotom ~ pour for 30 min, The indicator 

strains were streaked across th original streak and incubation con• 

tinued for a further 24h. n the indicator strain w enaitive to 

the particular colic in, inhibition or growth oocun-ed wh the 

indicator streak cross d over the' oolioin dittusion band ( Plat lil ). 

This method was only applicable to the very active colioinogenic strains 

not collcina Ia and Ib ( se Table 11 ) • 

(b) thod ot oolicin bio sa.v ( Nanur , 1964 ) 

(i) A ohlorofonn tre ted colicinogenio coll supernatant fluid or 

colioin preparation wa rially dilut d in at rile 10 _ phosphate 

buffer pH 7.0 containing 1 mg bovine serum albumin per l ( to prevent 

denaturation of th colicin ). The oolicin dilutions were spotted 

( by uae of loop ) onto a mtri nt agar plat which had b previously 

freshly ~ rleyered with 4 1 liquid agar containing 200 µg streptan,oin 

per 1 and th indicator train E. ooli ROW in late exponential phaae at 

10 7 bact~rie. p,r ml. The plates w re inaubated for 16h at 37°. T 

ooliom titre wu taken aa tb reoiprooal of the high at dilution giving 

inimal inhibition ot growth of the indic tor atrain. The zone ot 

growth inhibition r aul ting th plating of aerial dilutio of a 

preparation conta:ining 10 µg puritied colicin E2 per ml are ahown in 

Fl te lili. T number indioat the negative logarithne of the aerial 

dilution•, col1cin ara ion had a cifio aotiv.l.ty ot 
6 

approx. 10 unita per protein. 



TABLE li 

Cros character1 

INDICATOR STRAINS 

CLl.42 ( ROO) 

CLl.45 ( RC!l /E ) 

CJ.J.47 ( R /I ) 

388 ( COL.El ) 

TR2 ( COL. ...2-P9 ) 

25 ( COL. 2 AJ+2 ) 

CL.124 (00 . 3) 

Jl ( COL. ) 

CL223 ( COL. I ) 

CL232 ( COL. lb ) 

388 m2 CIJ.24 CL131 
E2 E3 

++ + .. + +++ +++ 

+ 

++ +++ +++ ++-1 

.. +++ +++ +++ 

+ - +•+ +,t, 

+ +++ ++ 

+ ... ++ 

+ ++ ++ 

++ +++ +++ +++ 

++ +++ +++ +++ 

SIZE OF muBITION ZONE 

( ... ) Lese than 5 mn. 

( ++) Between 5 and 10 

(+++) G~ ter than 20 

CL223 CL232 
Ia Ib 

+ + 

+ + 

-
+ + 

.. 

.. + 

+ 

• 

• 



PLt\TE 1 iii 

ioaeeay of colicin E2 

A eolution cootainin 10Jl& colicin 2 per •l v • 

serially dilut di 1 __ pho•p te buff r pi 7 . 0 containi 

tmg bovine aer alb in per ml. The diluted s ple• were 

apotted on to a nutrient agar plate previoualy seeded 

with E. coli ROW ( u.aing the double layer t chnique) b~ 

meana ot loop. Then bera o the plate ar then gatiYe 

logarithm• of the dilutiona . 
0 16h incubation at 37 • 

The photograph wa• taken after 

25 

The otivity of the crude cultur upematant of en 

group colioinc;,genio train 4h after induction u lly betw on 

104 and 105 unit per ml ( s Tabl lii ) , c?licin E
3 

t nding to b 

more acti than coliain E2• S of th, E group colicino nio 

trains u ( TR2 am CI.J.24 ) have been reported to harbour th 

I Col. fe.otor ( Nanura, 1967 ), but this as not induced by mitauyoin 

( Iij:lma, 1962) d onstre.t d by th bsenoe of inhibition zones 

when using atr in ROW,/E indioe.tor 8%d undiluted irduced culture 

upernatant f strains 'l'R2 am. CIJ.24. Further t ata also showed 

the a enoo of significant levels of otmr antibacterial agents en! 

phage. 

A more conveni nt method tor saying column or ~ di t 

fr ctiona for oolicin otivity was to pot ea.oh fraction on to a 

previously seeded ar plate de oribed above and imply to measure 

the d h inhibition zone aft r 16h incub tion ing 

a Nilcon terco copic micro cope ( odel 5 ) with aqua.red gr pb 

pa; r low th agar plate ( Fig, liii ) . 

(ii) A more acourat but t d.ioua thod of ~ involved incubation 

or w 1-d lla ot the indicator atrain with vario.ia colioin cone 

tratio~ e.rd t:imation of the p or bacteria. killed. T 

ount of oolioin giving 37% survival corre po d to multiplicity 

of on kil unit o ooliOin 

aotivi ty of p.\X'e colioin 2 

iti 11 T 

101-'-1014 killing unit per 

a ifio 

prot 1n. 

The indicator strain we. grown to a cell d nai\y ot 3 x 108 

bacteria per ml, herveated, d and reeuspended in medium at a 

density of' 1-3 x 10
8 

bacteria per ml with variou dilutions ~ colioin. 

The treated and control bacteria were incubated tor 20 1n at YI and 

the numb ot aurrivora at t d by plating out uitabl dilutiona in 

t rile aaline ( 0.85 ( w/v ) NaCl ) on to mitrient agar. The 

aurvtvai ourv shown in Fig. 2ii w obta uai.ng this thod ita 

1mpl1 ti will diBCllaaed later. 
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!rot 1n wu e t ted. using t.h thod 

( 1951 ) and bovine eerum albumin aa tanSard. DNA wa. atimated 

using the diphecylamirut method ot Burton ( 1956 ) and calf t}zymua D A 

as tamard. RNA waa eatmated using the oroinol thod of Meijbaum 

( 1939) and ribc estimated ing 

the anthrom method of Tr v lyan and Harriaon ( 1952 ) and gluco · aa 

standard. Nuol ic aoid phoaphat end tree phosphat w 

by the method of Fiske ani Subbarow ( 1925 ) . 

detemined 

diment tion velocity anal..yaia a rform in a clmwl-

o 
Spinco odel E ultraoentrit'uge quipped with sohli ren optic , at 20 · 

u ing one atandard ll and one 1° wec:iae windQW' cell to d.iapla th 

ohlier jma.g of one cell. The sohlicren es were photographioe.lly 

at int rval during c ntritugation and the distal moved by the 

peak detemined tran the photographic plate uai.Jlg a Nikon profil 

proj otcr ( od l 60 ) • 

ectrophoresis wa oarrl out ueing th horizontal block 

th ( Omat in, 1964. ) t pH 8. 6 wi h a ( w/v ) gel owing to th 

molecular Wi ighta or · colic E2 and E:,• The g l w prepare 

o ( w/v ) oymo BDH 41 ( 95% eorylamide and 5 

bi acrylsmi©le ) in O. l _ tri -oitr t luff r pH 8. 6 with l ml 

2 thyl 8Jl1ino tey-1 oyani and l tnahly epared 1 ( w/v) 

oni persulphate. The ~ wa p d 1nto a perap to 

( vol 60 ) 30 min waa all d tor polJ'Jlleriaation. A dia-

continuoua butt ayat waa used with O.l borat butter pH 8.6 in 

of 20 J.ll 88111pl s 

ot 2.8 mA/i 2
• 

and tria-oi te b.tft r in t 

carri 
0 out at 4- tor 4h ua 

1. El trop re ia 

a ourrent ity 



nit w. c phoresia in the 

pr aerce ot 8 l! ur , the el w a p~ in the zJL&":wai ~ and then 

ernight with lutio of 8 urea in tris--llOWI 

itr l::uffer since po risation in the pr enc of urea inhibits 

oro link tonnation. 

stain with a 1% 

( w/v) solution of amido-blaok in a w. ter:methanol:gl.ycerol: cetic 

ac1 ( 50: 50: 20:l ) mixtu t 10•15 min and .xce a at in r oved by 

wruahing with 170 ( v/v ) tic cid. 

r d o el tro SUi po Ii fi rricye.nide ( 5 - ) 

tr ua d to retard el pol.Jmerisation and t 6% gel 1xtur 

( Hereohnan e.ni Helinski, 1967._ ) we. dee.erated bei'or ddition of 
/Per 

the initiator anmonium aulp te. A 0 . 1 ml protein ample waa intro-

duced t t top of th g 1 rod ( cathod nd ) in l ( w/v ) 

aolution ot euoro oonte.ining a brcmoph nol blue marker. Eleotro-

o 
phor aia as tor 2-,i,. at 20 using a potential dif:f'erenc of 2.00V. 

T 

Cary 15 au 

UV apectn or column f'raotio w termined uaing the 

0 tic recording ectrophot ter at 20 uei:ng l an 

quartz c lla that re "multipotted" 1nat ter bla.nka. 

(g) Gel 1'il;tmtion . . 

This thod was u d in the det ina. t -ion ot the molecular 

weight of colioin E2• 4g G200 s phadex ( t=barmacia ) w awollen 1n 

so_ tria-HCl wtter pH 1.5 containing 100 _ KCl ( •, 1964. 

1965 ) or 3 with oontinuoua tirring. On euoceaaive day 

WU boil lh. Fin 

ta: ion ti ve-t with th los of third of the original dr,y 
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ight of ae x. g 1 al ly dripped into a 

filled with butter d the aephadex 

to e diment on top of layer of G2,5 a phadex 

foll ed. by allotini ad.a overt glua in t the column e. 

ee secondary l 1J neo aary to prevent lumn blockage by 

t small G200 aephadex particl • . 1hen the 

appro • 30 high, glass fibre filter di c 

x column wa.a 

fl t d onto the 

top of th d to void dia,turbanc of t h aephadex :particles during 

addition of th ple. The paaking oedur rtorme wxler 
0 

conditions of. min:unum pre sure at 4 and the flow rate w 10 ml/h 

during partiol edimentation. The column w&& ua d after allowing 

it to ettl for 48h. The maximum flow rate was 30 ml/h but thia wa.a 

re trioted to 10 ml/h by of perist tic pump ( LKB Instrun.enta 

Ltd •• ) in order to deoreaa the b8Jld width of luted aamplea. UV 

orbing aterial was lut d t~ t col and 1 tractions 

coll ot d dter sing through a UVicord ( IKB Instruments Ltd. ,) 

cording pect ter ( oper at 254 nn ) . Th luant vol of 

particular sample w: taken 

column be n d:l.tion of 

colioin. Th oolumn voi vol 

the vo]., 

emple 

of buffer lut d from the 

the appearanc ot the peak 

( V
O 

) was found to 31 ml uaiz,g 

xtran 2000 and the total column volume ( Vt ) we..a 89 ml using 

the peptid antibioti po~ixin. 

(h) Iaolation of colicinog nic faotor E
2

_ 

The pro na ,pted th ethod to Buaral 

and Belinski ( 1968 ) • 

Exponentially lla of E. coli col+ E
2 

( strain TR2 ) 

' 
aua:penr:lc,(l 1n 20 M9 m«1.1Um 

containing 10 µCi ( rtieth,Yl--'H ) t ino ( speeif'ic otivity l Ci,A ol ) 
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per ml and 200 Jl8 deOJCYB.deno ine per ml I at a cell denai ty ot 
8 o 

2 x 10 ba.ot rta per ml. The cul tur inoub t d at 37 under 

aerobic conditions for 2-3 generation timea. The cells harve ted 

by oentrif'ugation~ we.ared with NET buffer ;r: at 4° am reauapended 1n 

1. 5 ml NET buffer containing 25% ( w/v ) sucros am 1 mg lyeoz;yme per 

1. 
0 

The cell resuspenaion was incubated for a further 10 min at 37 

followed by addition of o • .5 ml 2% ( w/v ) sarkosyl d t rgent to canplet 

cell lysia. A :further l .ml NE!' bu.f'fer was added and. the viacows lyaate 

she d by repeatedly drawing through a l ml pipett followed by short 

vortex mi:.d.ng. 

2 ml sheared lysate was mixed with 13.lg CsCl, 7.6 ml water 

and 4.0 ml fresh ethidium branide solution ( 1 mg/ml in 0.1 !! phosphate 

buffer pH 7. O ) • Two 8 ml aliquot a were transferred to two 13 ml 

polyallaner oentri.t\lge tubes and overl83"red with autticient li<p.1id 

paraffin to fill the tube. Samples were centrifuged in a Ti•50 
0 

fixed a.ngl.e rotor at 20 for 44h at 44,000 rev/m1n using a ckman 

Spinco model L2 ultraoentrltuge. After centrifugation 0.1.5 l 

tractio were coll cted by oaNtul.ly inserting a long camuar needle 

down through the liquid pere.tti." .. ~-er to th tube bott anil. pumping 

out the tube o nt :t using Pll UCB periataltio pump operating :t 80 

ml/h. tion collection by pi roing the tube w found extremely 

difficult with pol.yallaner tubes al o CaCl solutions wer found to tlow 

Ollt too fut to count the drop • Thia laat method was therefore not 

att p ed. 

ORD m uur nta . wer m uaine a BendiJC..; io on Polamatio 

62 Recording Spectropolarimeter. The oonditione are d scribed 11'1 

Methoda 3. 

a NEl' ith am Hanawalt, 1967 ) contains 10 _tria-HCl 

pH 8, 10 _ EDTA 100 _ NaCl. 
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RESULTS 1 

(a) Induction end piritioation of eolioin E~(F9 

Production ot oolioin E2, like prophage, ca.n be iniu 

with certain nta· aoti on DNA m taboli ( ral Introduction 

am Fig,. 11 ). The thcda tor the p.trlfioation of oolicin E
2 

tall into three diatinct Q8. or.lea. The tir t, uaed by , cq 

( 19.57 ) ~ Holland ( 1968 ) , reli on the 

the oolicinogenio bacteria into the mecliun atter approx. 4•6h 

incubation under rcbic conditions t 37°. The dying lla ere 

removed by centrifugation and colioin p.irified fTcm · the supernatant 

fluid. Thi method su!'f rs from the di dvantagea t t the volumes 

involved tor larg scale production~ incor:rtenient for oni 

aulpha.t precipitation am that after 4• 6h incubation of col1cinogenio 

c lla after induction, cell lyaia frequently occura thus contaminating 

the supernatant protein. . 

Th second thcd wa developed by Herac an am Helinaki 

( 1967 ._ ) and w used in an dapted t'om in thia rlt. . Thi involves 

inoub tion ot the induced oolioinogenic bacteria f, a.J!')rox. 2h untiftr 

anaerobic condi ions aalt ext otion of' th oolioin 

aurfaoe of cell wall after harv t~. d H linald 

( 1967 ._ ) found that under rqbio OO!ldi tio oolicin ~ eynth ia 

waa unati et but bacterial grQWth inhibited. f tha 

initial peoific activity ot oolioin ie net reduced by xceaaiv oon

tinu Q'l'lthaai of other cell prot ins. Al o by using short post• 

induction incubation t es, o t of the colioin ctivity ( 90 ) "---

att d to th cell surtace and 

ammonium aulphat precipitation by using molar salt solutions a£ r 

harvesting t c 11• by centri.t\l tion. In atudi a deaoribed 

lovr ( e Table lii ) approx 70 colioin iv.tty 

aasooiat d with the oella aft r 2h incubation. " 



l•'TG. 1 ii PURIFICATION OF COLICIN E2 

INDUCTION 
mitomycinC 

~r\· (1 
NaCl EXTRACTION 

s in blender 

ptt. 400/o satJ ammonium sulphate 

DEAE 

COLUMN CHROMATOGRAPHY 

( i ) CM .... SEPHADEX 

(ii) OH-APATITE 

0·2 

0·1 

7·5 pH 
0 

7·0 

6·5 

i...::::;--@....,..;.._._,;;:::::;;.........._;~.........;;;.J.-..----J6•0 

0·05 

0·4M 

0·3 

0·2 

0·1 

la----0~-"---'-.;::,._...__.=-__, 0 
0 10 20 

Fraction No. 

P04 concn. 

The third meth devel d largely tor uae on ry 

snall scale colioin {&"Oduotion ( r chnan e.ni Heliruki, 1967 •E. ) 

for xemple in the prepu-ation of r dioaotivaly labelled colic1.ns E
2 

and E3 ( Maeda and Nanura, 1966 ). Thia in )ls invol ves ED'l'A• 

l.ysoeyme•SDS lyais o£ the induced cella after 2•3h 1ncu tion and 

eydroxylapatite cw tography the lysato. 

The extraction a.n! purificat1on ot ex>lioin E
2 

din thia 

wor: involved the second xtraotion thod d aori d abo am a 

tion ot the pur1.ticat1on methods of Hollam ( 1~68 ) and 

Her chnan and Helinald ( 1967. ) , ee F1,g lii. All operations 

exc pt the post-induation ino.i'bation 

deacribed below. 

0 
re per.fanned at 0,.4 am are 

Mitcmyoin C ( final cowentration 0. 4 µg,,inl ) ·we.a adde to 

an eXl)Onentially growirlJ culture of the oolio1nog nw strain TR2 

( col+ 2 ) when the cell naity 4 x 10
8 otoria per ml ani the 

ineu tion conti 
0 

er a turther 2h at 37 • bacteria 1retre 

harveat~ by centrifugation am the oolicin w extracted by reau_.. 

nd1.[8 the o lla at a denaity ot 5 x 10
10 

- 10
11 

be.cteria per ml 1n 

10 _ phosphate l:utter pH 7.0 cont ining, 1 g Cl am blending at 1 

speed tor 15•20 in in mioroblendor ( u 1ng th 80 ml flaak 

ttaohnent ) • This p:-ocedure repta d twi~. The a line w: inga 

re canbimd end Jr oipit ted routinely wit\h anmonim sulphate at 

405 turation. 
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The y11d. and distribution of aotivitie on onitm 

ulphate fractionation are sham in Tabl lii, 60-S ot t 

total oti vi ty ppe in the fir t O :tre.oti • 

The precipitate waa resuapended in 10 _ phoapm. te buffer 

pH 7.0 and dialysed overnight against the phosphate butter. The 

protein solution was th n c ntrituged a.t 48,ooog for 15 min to r e 

a fine preoipitate that formed during dialysis. Thia waa toll.owed by 

0 mixing with pre-equilibrated DEAE ephadex at 4- for ,0 min 1n atandard 

phosphat buffer o as to remove the more aoidic iro teina d l'IJOleic 

acid ( see OD280/260 ratio in Tabl lii ) . Colioin waa not adsorbed 

un r the comitio and pe 1n 1h 1'iltr.at att filtering 

t DEAE phad x suapen ion through a tllterpo.d in a fuohner funnel. 

The DEAE ephadex w prepared by fir t allOW'ir:8 it to 1 in 

distilled water am then washing with 0.5 1i NaO on a Buchner f'unn l 

until t ot chloride. oved by rinaing with 

distilled water am the DEAE epha<t all.ow to equilibrat in exc •• 

ataniard phosp te buff r unt 11 pH 7. O attained.. Th quilibration 

procedure took }-4- da3JS u 1.ng l•2g DEAE phad.ex ( pprox. amount f 

DEAE aephadex 

did t ove contam t1 260 • 

Atter dialyaia and ntritugatiDn, the DEAE a hadex fil tre.te 

waa reduced 1n volume using Carbowax 20M ( approx. 2h ) • This 

d~ tag a over vacuum diatilla tion in that it waa perfo a t o0 

and caws d lo a 

( awrox. 10 ml ) 

butter pH 6.o end th 

equilibrat th 

e1n donatur tion. The com ntre.. preparati 

further dial3aiaed ag inst ·0.05 M pho phate -
pplied t.o a CM-a phadex column ( 2 x 10 - 15 

column eluted wl.th 

'1' irlng qua.l VOl a ( 2 X 100 • 150 

ml ) of 0.05 ! pho phat butter pH 6.o 0.05 _ JYIR'4 ( pH 8.8 ). 

), 
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FIG. 1 iii 

After treatment of the Jialysed saline cell extract · 

irom SLrain TR2 with ammonium sulphate and DF.AE sephcHiex, the 

protein solution was concentrated with carbowax and. appl icd to a 

CM sephadex column. The proteins were elutcu L> .v a,~ increasing 

pH gradient formed by mixing 0.05:!, phosphate buffer pH 6.0 and 

0.05~ K
2

HP0
4

• The column .fractions were tested for growLh 

inhibitory activity ( see PT.ATF. 1 iv ) and the inhibitory zone 

size plotted. The on
280 

of the fractio1;s is also plotted. 

PUT 1 iv 

ioaeeay ot C Sephadex column tractiona 

The fraction nu here correepond to t hoee in FIG. 1 iii 

an the inhibition a ne dia•etera are plotted in FIG. t iii. 



T.ABI.E lii 

Volum 
(ml.a) 

Induc d 
CUl ture SUpn. 5000 

lla a 

Saline Extract 45 
35 
30 

total llO 

onium 
phate ptt._ 

0-20 
20-40 
4()-,-60 
60-00 

40 
i.;+ 
40 
25 

Dialysis 8Di b 
c ntritugation ll5 

DEAE Sep dex 105 

CM Sephadex 60 

HO- Apatite 65 

Total 
ActiviV 
(unit ) 
X 10-7 

4. 0 

ll. 8 

6. 6 

1. 2 
4.4 
0. 4 
0.01 

4.6 

3.0 

0.9 

.!Totein S citie 
( ) t vity 

(units.Ang) 
x 10-5 

1;50 

102 
61 
18 

181 

18 
72 
23 
5 

71 

52 

24 

13 

1.7 

0.76 

6.7 
6. 1 
1.7 
0. 2 

6 • .5 

s.o 

12 .. .5° 

7.0 

100 

56 

39 

25 

8 

a. Values deri fra.!\ cell lysate aliquot. 

... 

o. 63 

o.a1 

1.4~ 

1.46 

bG onium aulphat fractions 0-20 and 2o-4d. Ofo aatn. 
were c bined, dial.y d. ani c ntr1.f'uge 

c. 16.5 fold purification with respect to e 11 1Y te. 
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Colioin aotivity w: teot a.a de cribed in Method.a 1 and Fig. 

liii ard lut at a pH value of 6. 80 ( see rsc and 

Helinaki, 1967._ ). 

CM sephadex ( approx. l ) was pre}llred similarly to 

DEAE aephadex exo t that after llirlg in distilled 

exchanger waa ted with 0.5 N HCl d. cpilibrat. -
change of o.o; _ phosphat buff pH 6.o. 

tex- th ion 

for J days with 

The su1 ta of the purification procedure are sham in 

Table lii. The protein associated with the oolicin a.otivity peak 

on CM aephadex charaoter:iaed by the methods descri d 1n the 

following section. A 16 • .5 fold purification was chjev d with 

reapect to the total cell irot 1n d the yield was 25 The specific 

activity of colicln propirationa w 

protein. 

6 
of 1he order et 10 uni ta per mg 

Further p.trlti.cation and character! ation attempted 

uaing l\}'dro,:ylapatit columns ( da and Nanur , 1966; Holland, 1968 ). 

Commercially prepared ~OJcyl p tit w mimd as a slurry with 

succea ive change of 10 pho pba te bJf:r r for 2 ,de.}r" • The slurry 

as all d to gently ediment in a chro tograpbio column fill d with 

phosphate butter. oolumn ( 2 x 8 cm ) was then eluted with 2 

column vol a of phospmte buffer and the collcin a ple appli 

ediat y. H;ydro:xylapatite columns re Ill runnixlg if llowr d 

to tand far more t n l day" fo use. oval of f ines and 

column packing under low prea ure C llite(diatomaceoua 

earth ) was mixed with hydro:xylapatite 1ni tial~ to :incr the 

luant t l 1:ut oonai rabl colwin inactivation reaul ted. !rot in 

was eluted f the ool'wnn uaing a 1 ar grad1 t of o. 01 ! to 
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Hydroxylapatite elution profile of colicin E2 anti ~3 

The ammonium sulphate precipitates of saline extracts from 

strains TR2 a11d CL124 were dialysed, concentrated and applied 

80 

to hydroxylapatite columns. Proteins were eluted by an increasing 

(Jhophate gradient formed by mixing 10mM phos1 1 hate buffer pH 7.0 

with 400~ phospnatt bulfer pJT 7.0. 'T'he ~rowtl; inhibitory activity 

d 00 of the f1·acti ons were determined. a,, 280 

PEAK . 

A 
B 
C 

I 
II 
III 
IV 

FTA.C'TION NOS • . 

7 - 14 
17 - 25 
44 - 56 

4 - 0 
12 - 20 
34 - 4 2 
47 - 134 

0.,4!) !! pho phate wf:fer pH 7. 0. Colicin aotivit3 was eluted at 

0. 18 _phosphat ( Holland, 1968) detected by th method 

of • e end Subbarow ( 1925 ) • aee Fig. lii. No further purification 

1J . ohieved and the apeoifio activiv uaual]J creas fran that 

obtained after CM sephadex iori exchang ohraaatograpey ( Tabl lli ) • 

Thie at p was he fore lett Q.lt . 

Initial atudi d that if after ammoniun sulphat 

precipitation and dialysis the colioin prep tion Sl)plied directly 

to an eydroxylapatite column ( Fig. liv(a) ) the colicin activity peak 

(c) ran in 1he aan po ition as 260 m b sorbing terial, ( the 

oolial.n peak :fraction bad an OD 280; 260 ratio of 0. 8 - 1 . 0 ) . The 

ethod of Holland ( 1968 ) w similar to thi initial method except 

that DEAE oellulo was u d prior to h;yd!Q:xylapatit • 

(b) Induction and J\lr:lficat:lon;oolicin E
3 

A.38 

Colioin E3 was pur1.tied for r oomps.rlson with oolicin 

E2 ( ee Chs. 2 an:l 3 ) • In contrast to oolioin E2 production, 

Herschnan ard Helinski ( 1967._ ) found that a>licin E.3 aynthe 1 waa 

inhibite by anaerobic conditions aril the eel.a started to lyse l - 2h 

att r mi tanycin inch et ion. T procedure for oolicin E2 produ:,tion 

w: s th r fore odifi d oolicin E.3 by incubating th mitcmycin 

in ced c ll11 ( atr 1n CL 124 ) for only l h unier erob1c oonditiona. 

o 1 re xtr ot d with -
a described for oolioin 2 an1 

( 0-4()'j; ) appl d di.ntotly to a 

col 

pro U ia ahown in F • liv(b). 

E2 C r.r 8P d 

Cl in 10 _ pho p 

dialysed. lpbat fraction 

the llllll aa above d th elution 

Colioin E
3 

aotivity waa eluted 

III ( ig. liv(b) ), akIV 

al tio ( 0 • .5 • 0• 7 ) and WU in the 
I 

·1 
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FIG. 1 v 

Absorption sµectra of ~olicin E2 preparations 

Preparation E
2

(a) is fraction C ( FIG. 1 iv) after hydroxyl

apatite chromatography. 

Preparation ~
2

(b) is the colicin activity peak ( fractions 

38-50, F'IG. 1 iii ) after CM sephadex chromatography. 

BSA is bovine serum albumin. 



T~ 1.1zii 

Chemical ana.1,ya arat~na 

Ir pn. pn. b 

tein 300 µg/ml 350 ~ 

20 " < 2 " DNA 

< 2 " RNA 
< 2 " 

boeydr te < 4 It < 4 II 

cranolecule were detennined as described in Methods l. 

pn. a w fraction C aft r hydro.J1i1lap tit ohranatograpl\Y 

( • l iv ) ~ pr pn. b the colioin activity 

( otions 38-54, Fig. 1 iii) after DEAE aepha x 

ohr tognphy. 

,.:,. 

35 

po ition as the oolicin E2 peak with reap,ct to the pho pbate 

gradient; ( Fig. lii ). Thi waa pzobably the contaminating 

material obtained in colioin E2 Pl' pared by th! b¥drol\Ylapatite 

procedure. The large ount of other protein abown in Fig. liv 

+ waa p~ bly chte to the au oeptibili ty ot col E
3 

cells to lyaia 

a:t'ter induction. T yield of ool1c1n E
3 

( peak llI ) frail 21 

original. culture was ll mg ( protein ). 

(c) Charaot risation of" colioin E2-F9 

The f'inal colioin preperation after CM aep JC chranato• 

graph,y w ahown to ~ by aedimontation analysis end polJraCl'Yl• 

amide g l electrophoreaia, ard characteriaed by det !nation of ita 

olecular 

aepha JC chrccatograph.y 

were analysed for the preaenc ot nucl ic ci end oarboh,ydrate bee ua 

o rtain thoda ot puritication ( ~lapatite ) produc varying 

am ta o~ 260 rm abaorbiilg material a aoaiated with the colicin E2-F9 

. fr ctiO ( 11 e Fig. lv ) and it ha.a been reported that carbohyth'at 

1a e. oanponent or colioin F ( E2-CA42 ), ( Reeve , 1963 ). CM eepbedex 

puriti ex>lioin E2-F9 wu eho to c ntain less than 1 nucl 1o acid 

ond carbohydrat ( Table 1111 ). 

( ii) Ul;tncentritugal Ana.l.Yaia 

A puriti d colicin preparation. ( 4, mg protein per ml ) 

C ntritu in 10 _ phosphate butt r pH 7. o am 

• l vi. o contaminating p 

hli ren picture• 

were observed and t:h 

colicin p ak waa ft3Illilletrioal. The aediment tion coefficient 

det mined at conoentrationa ot 2, 4 and 6 mg protoin,Anl ani waa to 

to qual to 4. 2 .t. o. 2. 
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FIG. 1v i Velocity Sedimentation of COLIC! N E2 

1 

16m 

120m 

BECKMAN 'E' 
50.000 rczv /min 

20° temp. 
4mg colicin/ml. 

log :x: 
0·81 

O·SO 

0·79 

078 

0·77 

56m 
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\ 

168m 

::x: = distance of pczak from axis 9f 
rotation 

50 100 150 min 
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SeJimei:.tation analysis of colic in E2 was carr ie.d out· in a 

l E allal . ..,t 1· ,.al ultraccnrifug e. 'f ile sedimentation Spi,,co mu<.lc , ~ 

t ' "' "' i S t i \ C a I• ,r ll 1 El. l' coefficien t is g iv e n IJy t he a bov e e ci ua 1o u, w ,... 

v el ocity. 

ooncent tion ( Her:sohnan ml Helinaki, 1967._ ), 

to calculat the aedim ntati coetticient o£ a colioin pre tion, 

the d1atanooa oved by the aohlieren peak f'ran the axis ot re t:lon 

~~.111;"" at interval • The log. ot these diat~ a .( ) 

plot against t ( Fig. 1 vi ) and the elope ot the line 

rminod. The a ntation coefficient ( S20w ) w ftn by 

th1a alope by th square of ll8Ular locity ot tl:e rotor 

and multiplying by 2.,0J ( Fig. 1 Vi ). The pares 

11 with t tound by Herao.tmen and Helinald ( 1967 •A ) , 1. • s~ 
4. o .t. 0 . 1 t oolloin E2• 

ot:rophoreai 

A a turther teat for purity, purif1 d colioin E
2 

and 

fraction III of oolioin E.3 ( Fig. 1 iv(b) ) were electrophores ed 

with d •al xtracta of the ortginal cul uir a ( Fig. l vi1(a) ) . 

, Colicin E3 wu ore elootroneg ti ve than oolicin 
2

• Th1a reaul t 1a 

conaiatant with the iaoel tric point terminations at Heraciman and 

Helinsld. ( 1967. ). No oon mating i:rotei.ne - o erved nen 

wha. 100 }l8 oolioin E2 wa e l ectrophoresed ~ 

Att pt w m to natra b-unit truoture 

of oolicin 2 by leotrophor a1 

• P.retrea nt ot colicin E2 with di thiothreitol ( 10 _ ) am 

8 !! ur ·wu al.ao tr1e to teat poaaibl S bwdta • 

found in t lobulins. There wu no de table ahitt in 

ted pl fran the control poai tion ot th 

increaa ditfuse am the •ti.gatioti waa not cont~d. 

In addition colicin 2 prep tiona 

gel lectrophor aie at iB 8. 6 in an ttempt to oba 

•1 lioin" Dhencaenon 

aubjec 

t 

to cliac 
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POLVACRYLAMIDE GEL ELECTROPHORESIS 

(a) BLOCK 

-ve 

pu~E.2 I 
extl'Cl.ctE2 I J 1 

extroctE3 I I · 1 

pureE3 j I 
• 

(b) DISC 

+ve 

0 5 10cm -;:,_ ____ =.,..--~~-----===c====~+w -ve 

15 

10 

5 

0 
inhib 
zone 
diam. 

mm. 

10 20 30 

bromophenol 
blue marker 

40 
disc no. 

50 

(a) Samples of crude and purified preparations of colicins 

E2 and E3 were electrophor es ed f o r 4h in a discon t inuous 

bu1fer system of tris-citrate and borate at pH 8,6 , 

.·,. (b) A 1, ure preparation of t:olicin E2 was electropho r esed 

for 3h in the same uuffer system as (a), 'I'lle gel was cut in two, 

one half was stained for protein and the other half cut into dis(:s 

and colicin activity determined. 

Helinski ( 1967. ~ ) . After electrophoresis oolioin activity waa 

located by cutting t.m gel rod into no along it 1 ngth end placing 

3 nun thick diacs cut aeriall;r !ran the half-rod on agar plates 

previously eded w1 th E. ooli ROW. The inhibition zones were 

moaaur d after incubation of the plat s at 37° for 16h. The other 

halt' of the xt>d w. stained end the only protein b nd coincided l'lith 

th peek of oolicin activity ( Fig. l vii(b) ). There was however 

no deteot blo bif'Urcation of the protein ban:!. or activity peak. 

(iv) Gel filtration 

The molecular weight of oolicin E
2 

was determined using the 

method of Andrews ( 1964 and 1965 ) . A G
200 

phld x column waa 

prepared ( ee ethoda ) am calibrated with proteins of Jau:,wn mole

cular weights ( Fig. l viii ) . The elution volumes and K value were 

detennined as described in Me ods end Fig l viii and the K values 

plott d against th log. of "the molecular weight. For emall .Prot in 

oleoule of 1 a than 10
4 

olecular eight K waa equal to uni 1iY", 

i.e. the elution volume e(llal to th total column volume. The 

relationship of K to the log. of moleouler :1.ght was approximately 

linear for prot 1na or moleouJar weight tran 2 x 104 to 1r?. The 

theoretical ol cular w ight of p.ire pxt>tein at which K w. zero w 

10
6 

and for pure polysaccharide 2 x 105• Yeast invertase, which waa 

believed tx> have en apprcxima.te molecular w ight of 3 .x 105 ( Lampen, 

1968 ) , bad an lution vol cpal to the void volume ( K = O ). 

This was therefore conaistent with th ob ervation that this enzyme 

contained approx:lma tely .50% carbohydrate·. 

parations of colicl.n E2 end oolicin E
3 

g ve elution 

vol umes of 58 and .59 ml respectively. Th variation be n duplioa.t 

d minationa of ell tandarda am oolicina wa no mare than .:t. l ml 

reapeot to th elution volume • molecular weights of t 

two ooli ci.ns n, dete ined from Fig. 1 viii to b 61,000 .:t. 4, 000 



I' FIG . 1 viii 

Ve-Vo 
K= VfVo 

§. 200 Sczphadczx 

1· 0 !-0-----
Polymixin 

( 1200) 

0·5 

Lysozyme (14000) 

Trypsin( 24000) 

Ovalbumin(45000) 

colicin E2 ( 61000) 
Serum albumin( 67000) 

0 L_ ____ _..._,------~5 --e--~ 
103 104 10 

Molecular Weight 

Determinition of protein molecular wei~ht by Gel Filtration 

mol ,,,.u l<:>r weight were eluted throull;h a Pr·oteins of k~own ~~ µ 

G2oo sephadex column and their elution volumes Ve detcr•nined. 

K Was Cal.cu lated using the values of 31ml for The constant ... 

the void volume Vo and 89ml for the total volume Vt, and 

l t · 11 molecular wei~ht. plotted against the og pro e1 ~ 

and .58, OOO ±. 4, OOO re ti ly. 

globuler. 00 ot th 

v s th tboee obtained by H ra 

th 

w jwstifi 

On 

pre ti 

short t thia a.a tion 

t isolat d ocoa.aiona with 41ft nt oolicin E2 

h-!T"lnllf'I corre•ponding an dditional aoti ity 

to a pro ein with a moleculer 1 t ot approx. 180, OOO. Thie peak 

d with t,h in 60,000 molecular ight 

ale w: no cons.iatent]J reproducible. It coul perhap 

ti 

l eleotropho aia did t ot a 

neriaruenon. 

d :nnlmd b: helical cont nt ot oolicin E2 

ORD ep tna ( Ch. 3 end Fig. .:, vi ) • TWo thoda w u 

iler 

ita 

( 

196 ) ; the first an3. mo t e.ocurate m tho invol d trle4!1.SW~mt ot' th 

"b0 '' value by ua of th ottitt equation: 

(m'\= 
2 

ao.Ao 

"'A 
0 

reaidue rota.ticn at wav 1 

h lie l ckbone 

( ' offitt and Yang, 1956) 

oonatanta. ( m ') ..,.._ 1a the reduced an 

h A • b
0 

and A
0 

fu.nctio of th 

( m' )A = 3 
(n2 +2 ) 

MRW .(er.) ~ 
100 " 

ia m re• 

n tracti 

lfeight ( 

index ot 

tor t pro ) 

olvent t nT length A 



-30 

-40 

-50 

-60 

-70 

-80 

FIG. 1 ix 

13 

Moffitt Plot 

15 20 25 

o.2-A~ )_, x 108 

b0 = slope = 

K./\~ 
-108 

ie. Colic in E 2 helical content 

= 17°/o 

netcrrnina t ion of colic i u. E2 l1el ical c ontcnt · 

The Moffitt plot was obtained by measuring the degree of specific 

r o t ation (o<.)~caused b,y colicin E2 at certain. wavele,;gths /\ from 

the ORD i,; pcctrum ( FIG . :-S vi ) • Kand /\o a re constants (s ec 

text ) • b is -630 fo r a protein of 100% h e lic a l cunient. 
0 

t epecitio 

observed ro tion ( Fig. 3 ii ) a Ch. J. 

39 

t 

t 1t <a:) C A 2- i\ ~) 1a plotted against th 

c1 col ot 

equal to: 

( "A2- A~ ) tra1ght line should nth a 

al bo/ 
/K.A: 

here = 100 • ( n 2 
+ 2 ) - 3 

tu n to be qual to 216 , 1963) 

the etra. toun:l to 

eq.ial to -:,. 77 and he 

pl ls lical ohaina ,ot L- 1no et id 

( r
val for colioin E2 1t'Oul.4 1nd1 a. lical con;t nt t 17. Th.ia 

may al O b interpret t xce lix over l.rt 

prot in. 

The econd a1mpl :hod involwa calculation ot 

an ei ro tion ( m') A at 233 nn tran apeoii'io rota ion 

( CC. )2:,.3 ( • Ch. 3 ). Thia 11 on the ob 

( m')233 ~rz. a l hel.1cal polypeptii 1a -12, 700° and for il 

ia •l.800°,- ( F 19 3 ). A value ot -:,565° t l1cin E2 indica 

a 11co.1 ®nt nt or 16. 

Col. t 

( th 

ethidium brani 

Hel 

a olo ed circular duplex 

, 1967) and. it isolation by the 

dloft et al., ( 1967) 



FIG, 1 x 
I' 

Ethidium Br / CsCl gradient 

10
4 

~ 
C ·- Col. E factor --(J) 
,+J 

\ u 
10

3 

2~ 
10 o 20 30 40 

Fraction No. 
Isolation of Col. factor E2 n~A 

3 · · '· 1 · 1 ~,9+ (TR ·J) -~ ere lvscd 
( ll ) t hymine labell e d cells of E , co 1 co ,•,,_ · - t'i . t · 

t · f . cl to equilibrium 1n CsCl contai.nill~ 250µg c lH i u m 
a nd c e1., r1 u g c · · ld acid 
bromide perml. Aliquots of the tube fract~ons were co -
pr·ecip,itated and the radioal: tiv:ity determ1ncu. 

colicin 2 pro ctio 

z,ou...uavntation atudi a. 

tor obtaining a D tardard tor 

A culture of , ogli TR2 labelled with ( '1i )-t~ wu 

t drug thi b id. • t high concentrations thia 

nt1ally to non-circular m dupl 

bouyant cSenai of ohr<mo · D 

( Radlott t ·al. , 1967 ) lati 

Cl.e(lrall!!l.llf!ta by ap:t:roL o. 04 

to cizoular duplex 

l 

The 

radio t1T1ty protile after equilibrt edtmenta.tion in ethi 

b ide --C l 1 shown 1n 

peak on avy :1de of the 

l x. a diatinct aat llit 

conta1ning 2-3 

of th total ra.dioactivit3". A UV photograph of a. centrifuge tu' am 

ia l ah:nm 1n 

i g. x. 

thidjum b ide. · The Col . f ot tected. 

against NE'l' 

butti r ~ by ntrit'U ion ( ig. 5 i) 

CsCJ. i opyonio centr11\Jgation ( • .5 xiii )~ ntation 

25S and thie value ia appro t 

aral ,{ 1968 ). ~ natv 
t 



In vivo act~vity of colicin Ef~I-9 

After colicin E2-P9 had be purined and characterieed 

peysiooohemically, its biological activity was 1nv at~ated by 

studying its ettect on cell 'Yia.biliv, nucleic acid ta.bility and 

maora:noleculer aynth!taia in enaitive atrains o£ E, coli Kl2 am scm 

of their nuol de:ticient mutants. 

METHODS 2 

(a) bellg ot cell nuol ic aoid 

Ano might culture of E. coli ROW was diluted one lnmdr 

fold with p~ed M9 medium end incubated aerobically Wltil the c 11 

8 
density was 3 x 10 bact ria per ml. These e.xpomntially growing c 11 

were diluted tenfold with M9 medium containing 200 )18 deo.xyadenosine per 

ml to facilitate tlzymine uptake. ( Boye end Setlow, 1962) and 5-10 

_µCi ( methyl-3it ) thymine per ml ( peciffu activity 1 Ciftl]Tllol_ ) to 

label cellular DNA. 

RNA was lab lled by diluting the eel la in M:9 m clium containing 

5 pCi ( s-3H ) uridim per ml ( apecU'io activity 5 Ci/nmol ) and 10 }18 

unlab lled uracil per ml. 

Incubation wu continued for a :further 2-~h until th, cell 

density 
8 

.a again 3 x 10 bacteria per ml. The labelled be.oteria re 

then diluted t nf'old With prewarm d 149 medium containing 100 ~ un• 

labelled thymine or uracil per ml and colicin E2 t th required cone n

tration. Purified colicin pr perations were diluted in the presence 

of 1 mg bovine aerun albumin p,r ml to prevent della.turation. The final 

dilu ion w • oarrl out 1mm diately betore ad.di on of labellec1 

b cteria and the final concentration of albumin 

incubation medium. 

10 }ls/ml 1n the 



TABLE 2 i 

Tre nt % ( 3H) counts insoluble afi. r tre tment 

buN'er :,o min1 

37° 

TMK buff' r + D 
(10 µs/ml.) 15 min, 
37° 

buf1'i + .i.u,,....., ... 

( 10 _µgnnl) 15 min, 
., .. 

buff r + trypsin 
( 10 )18fin1) 15 min., 37° 

!i Ne.OH overnight 37 
0 

5,., ( w/v) TCA JO min, 
900 

93 

2· 97 

91 4 

95 

1 

l 2 

42 

At int rval after addition of oolicin E2 to the labelled 

bacteria, o. 5 or l ml aliquots were mixed with e.n equal volum of 

ice cold l ( w/v ) TCA. After 30 min at 4 °, the precip1tat s re 

on 25 mm d bran fil tere ( or gla • fibre 

tilt ra ) ashed twice with 2. 5 ml cold 5% ( w/v ) TCA and trio with 

5 ml ( v/v) acetic cid. T filter were dried t 80-100° for 

30 min and the radioactivity aaured in Packard Tri-Ca.rb oin

tillation apeotrom ter uaing a tolu ne ba e acint1ll tion fluid 

containing 4g BBOT per 1. 

(b) Identification of labell d material ( Cundlitte1 1967._ ) 

T nature of' t la l poai tions 1n ( metl\vl-3H ) t}zymine 

and ( .5 ... 3ii ) uridine ide lly nece aitat d incozporation at label into 

apeoific ma ol cule , so that th form would only lab 1 DNA and 

the latter RNA. 

Cells were incubated 1n th pre enoe ot' ( methyl~'1i) th1min 

and ( s-3iJ) uridine. Aliquots were cold-acid precipitat d and 

collected on Oxoid membrane filters. After washing and drying tho 

fil tera, the rad.ioaotivi ty was det rmined... · lect d to 

give approx. 1001 000 cte,Anin. The filters re then removed the 

ointillation fluid, gentl.3 rins d in tolu and dri in a at 0 

air. residual scintillation tluid caitained lea than o. 5% of the 

radioactiyity on the filter. The dried tilt r w re immersed in 5 ml 

TMK ie buf'fer, !i N OH or .5 ( w/v ) TCA and treated a.a acribed in 

Table 2 i. After each trea nt TCA wu. added to a t'inal conoen-

tr tion of 5% ( w/v ) end the mixtur chilled to 4 °. The f'il ter waa 

remo~ d and the radioactivity detomined. The r . aining liquid w 

filtered through second Oxoid filter and the radio ctivity detel'!llined. 

Th total radioactivity a.t'ter treatment was expres d aa a percent 

o~ the initial radioactivity. 

buf'ter contained 10 _ tr ... l pH 7. 9, 10 ~ magneai aoeta.t 
and 100 KCl. 

I I 



TABLE 2 i 

'l'rea nt % ( 3H) count insoluble after treatment 

T1 butter 30 min, 
37° 

'.l"MK butt r + D 
(10 µg/ml) 15 in, 
370 

buffer+ trypein 
(10 _pg/ml) 15 mfn. 37° 

!!Na.OH overnight 37° 

5 (w/ ) TCA JO min, 
900 

93 

2 

91 

95 

1 

(.5-3H) uridine 

97 

4 

96 

1 

2 

label 

At interval after addition of oolicin E2 to the labelled 

bacteria, o. 5 or l ml aliquots were mix d with e.n equal volum of 

ice cold lO}b ( w/v ) TC After 30 min t I+ 0 , tb, precip1tat a w re 

on 25 mm di8m t r Oxoid bran filters ( or glasa fibr 

fil t ra ) wa hed twic w1 th 2 • .5 ml cold 5% ( w/v ) TCA and twic wi. th 

5 ml ( v/v) tic acid. filter were dried t 80-100° tor 

30 min and the radioactivity asured in Packard Tri-Carb oin

tillation pectrometer u 1.ng a tolu nc ta e ointillation fluid 

containing 4g B.BOT per 1. 

(b) IdentU'ication of lapell d material ( Cundlifi'e, 1967._ ) 

The Jla.ture of la l pod. tiona in ( meth,Yl--'n ) th,ymine 

and ( 5-°'H ) uridine ideally nece a1tat d 1.ncoxpQration ot label into 

apecific .maor ol aule • so that th form r would only label DNA and 

the latt r 

Cella were incubated in the pre enoe of ( metey1 ... 'a ) tl\Ymin 

and ( 5--3ii) uridine. Aliquots were cold-acid precipit ted 8l'Jd 

collected on Oxoid membrane filters. After washing and drying 1ho 

filter , the r dioaotivi ty wa.e d t nnined. · to 

giv approx. 100,000 cta/min. The filter v. re then removed fran the 

cintillation fluid, gently rins d in tolu and dri in a atreem ot 

air. The residual cintillation :fluid eaitained le a than o. 5 of the 

radioactivity on the t'i1 ter. T dried filters w re immersed in 5 ml 

TMK it bu.ff'er, .!i N OH or 5Jb ( w/v ) TCA and treat d a.a deecribed in 

T ble 2 i. After each treatment TCA wu, added to a final concen

tration of' 510 ( w/v ) and tt,.e mixtur chilled to I+ 0 • The f'il ter waa 

r ved and the radioactivity determined. The r · ain1ng liquid was 

filtered through a aecond Oxoid filter and the radioactivity detemined. 

The total dio tivity after tr••AT.ma,.,t wu expre ae •• a. percent 

o~ the initial ra.dioactivi y. 

buffer contained 10 _ tria-HCl pH 7. 9, 10 !M_ magnea1 te 
and 100 KCl. 
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PAPER CHROMATOGRAPHY 
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Paper cnromatogr-aphy of a ni1cleic acid hydrolysate from 

( 3n) thymine labelled cells. 

The cold-acid insoluble material from labelled cells was extracted 

with hot 'I'CA and the extracts hydrolysed with~ HCl • The 
t sing isopropanol-hydrolysate was resolved by paper chromatograp iy u 

· t · f the lN absorbing bases and nucleotides is shown HCl • Tne loca 100 o ~ . 
· · · · f raJioact ivi t y in the figure. in the photograph and tlte d1str1but.1<in o 

The bases are abbreviated by their i n iti a ls (X) and t he 

n uclcosiJc m6nophosphatcs as X' • 

43 

Th ( '1i) thymi le.belle terial was ensitive o 

DN e am hot TCA but not to RNaae, trypsin or aOH a,ugge ting that 

it wa DNA, ereae ( 3tJ ) uridino elled material 

RNaee, Na.OH and' hot '!'CA but not to DNas or trypsin augge ting that 

it RNA. 

other ( "1i) labelled fil were treate with 2 ml 5 
0 

w/v TCA t 90 for 30 min arter washing with ether: 75 ethanol 

( 1:1 ) to nmo lipid me.,terial ( l a 1% total radioactiVity ) . 

The hot TCA extracts were with qual vol a of ether thr 

times tor 0¥. the CA an:i cydrolysed 1th l! HCl in e. boiling• t r 

b th tor 60 min. h · }vdrol,y te waa evaporated to dryness. The 

residue was diaeolv d in 100 µ l or ieaa of H
2
o and pplied to Whatman 

No. 1 ohran.atography paper. The lzydrolysate was run overnight using 

a. descending 6510 ( v/v ) isopropanoi: 2 !! HCl ayst , ( Fig. 2 i ) . 

The chranatognm 0 
dried at 45 am photographed using ui,tra•violet 

light. The pa.per was then cut into 3 x 1 en tz-ip and th r ~ 

activity measured in the liquid scintillation counter. 

The poaitiona of the radioacti.ve peaks, UV absorbing spot 

and predicted Rf value shown in Fig. 2 i. The acid eydrol,Yaa.t 

1'ran ( \ ) tl\Ymine labell cella ga¥ two main radioactive peelm 

correeponding to the po itiona of th.ymine or thymidine end TMP 

( m tcyl-3H ) -thymine ran in the poai tion t major radio-

aotiv peak with an R1' value of o. 77. Acid kzydrolysatea t ( "a) 
uridin labelled oell also two main radioacti v cor.re pondillg 

to uri. d , he two 11Ucleio aci precursor w 

be ohrcmatographicalq pure with ( "1i ) uridine l'l.llUlll>8 in 

position aa CMP. Reco er,y ot rad1 tivity wa. routinely 

t 



thes e.xper t that um.er the 

~rimental oonditio pr cur re could 

u ed for sp oit'ioally 11 DNA • 

(c) Incorporation tudiea 

DNA, RNA, protein and mueopeptide synthesis wer tollowed 

by radioacti incorporatio~ atucli a uai ( metby1-3ti) thymine, 

( 5-3a ) uridina, ( 14c ) Valine am ( ~ ) 0( , f, -dieminop1melio acid. 

b:ponentially groring o lla of • coli R were ah am 
reau pended in 9 medium ( without oasaminoaoida ) containing 100 J1S 

m thionine per ml t a cell denai ty of 108 bacteria pe.-:- ml. The 

0 bacteria wer 1ncubat d for 10 min e.t 37 i'ollowed by ddition of radio-

active precu.raora to eparate tubes. The final concentrations were; 

1 JlCi ( \ ) teymine ( l Ci/mmol ) p,r ml ( plw, 200 pg deoxyadenosine 

per ml ) J 1 _µ01 ( '11 ) uridj ne ( 5 Ci,nmnol ) per ml ( plus io }lg unla lle d 

uracil per ml ) ; 0.1 _µCi ( 14c ) vallne ( 6. 9 mCi/nmol ) per ml and l 

J.lCi ( \ ) diaminopim lie acid ( 76 Oi,lmnol ) per ml ( plua 100 )l8 wi-

belled lysine r ml to prevent ( 'ii ) incorporation into prot in 

lysine ). 

Colicin E2 wa added • quir d, l ml aliquot re tu n at 

intervals, ixed with qual velum s of 10% ( w/v ) cold TCA and left at 
0 . 

4 tor 30 min ( for teynd.ne, uridino and DAP incorporation ) or heated 

to 90° t'or .30 in ( :for valine inco.rpor tion ). The precipitates 

· collected on glaa fibre tilt er , wuhod and t _he re.dioaoti vi ty det mined. 

1 tanycin C and actinanyoin D re a further cheok on 

th incorporation of la lled t hymine end uridine into DNA and RNA 

re pecti l.y. Mitomyoin C a ueed at final comentr tion o£ 5 _µg/ml 

( Fig. 2 vi ) • Aotinamyoin D only ff' oti on § ooli it' the cella 

I . 
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ooording to th thod ot I.e1V1 ( 1965 ) • 

nentially growing cell• tri -HCl buff r 

8, 

r 

enciea in ria buff at e. 11 d i ty of 109 b oteria 

end t ated with 1 mM EIY.l'A for 2 m1n at 20°. The treat d oella 

re then dilu t d tenfold with preW8.l'm d 9 diun. end inaub ted tor 10 

min at 37°. ( 3H ) uridine was added. to the culture aa described 

abov together with 100 )Jg ctinomycin D ( Fig. 2 vii ). The EIY.I'A 

tre ted oell ( 1n the abs ne of' aoti.nalzy'oin D) incorporated ( '1f) 

(d) Tot cell anel.yai§ 

nentially o lla of E. coli ere hed ani 

ap,nd in 9 t cell densities of 2. 5 x 10
8 

or 109 bacteria 

per togeth r with oolioin E2 a.a required. Incub tion cont d 
0 

at 37 for 2 h. Th cell harv ted by centrifugation 

0 -·""·d 1n o. 2 ! i;erchlorlo oid at 4 for 30 min. p oipit t w 

ov by oentritugation and pro dun pe ted. The cold- oid 

·insoluble din 0. 5 ! perchlorio e.ci and extract 
0 

tbre times at 70 for 20 .min. The pool d hot-acid extra.et was 

analysed for DNA and RNA ( etho 1 ) • The hot-acid inaoluble material 

waa dis olv in ! NaOH ani analya d f protein ( Met a l ) • 

E. coli ll2 strain ABll57 ita UV sensi ti mutant AB188.5 

w tea for UV irradiation enaitivity by plotting a eu.rvival ourve. 

ll,y lla ( 2 108 o r 

d in terll t O 11 nai O 2 X 107 

bacteria r • 10 ml penaiona were pipetted into p t.."'"1 dish lida 

with UV light 30 at low pree 



lamp ( Hanovia Bl.3/A 1836) at an incident r t ot 12 • .5 

rgs/nmi2 /i eo. Suit bl ri diluti 1n at ril saline 

plat don nutri nt and. num r of wrvivora det rmimd ter 

inoub tion at 37° tor 16h. ulta are in Fig. 2 :b:(a). 

( ii) Endonuel,e,. e I . otivit;y; 

E.coli 10.2 train 1000 and it endonucle I ticient 

mutant« train 1100 ) ( Durwald and Hoftmann-Berling, 1968 ) 

tested for nucl tirlty using an adapted ver ion .of' th ethod 

due to Korn and W issbaoh ( 1963 ) and Obinat and Mizuno ( 1968 ). 

nentially growing lle re . ated by centrltugation, 

and resu t 5 x 109 b et ria per ml in 10 _ · s•HCl pH 8. O 

containing .5 - T bacter 1Vi re then broken by onic 

o cillation u in.g a 0.5 inch probe ( niprobe Type 1130/lA Da: 

Inat:rum nts Lt9-. ) at 4 ps for 1-2 min. The broken cell extract w 

dilut d t old with tria• ++ buffer pH 8. o. Tho say ay t con

tailled 2.5 µg ( '11 )•thymin 1 belled DNA ( pprox. 10,000 et /min, 

Oh. 3 ) ani 0 .05 ml diluted crud 11 extr et in a total vol ot 

e 

o, 25 ml tri ... ++ butter pH 8. o. ayst 1f&a incubated for 30 min 

at y,0 
and the reaction stopped by adding l ml ice cold 5% ( w/v ) TCA. 

cold• o1d inaolubl ra.dioaotiv.tty de mined and the er 

otivity. In order to det nnim o'f' other mol 

pecif'ioall.y ndomcle I · ctivity 0.0.5 ml dilut d crude c 11 extra.et 
- ++ incllbated with 5 JJS heated ribonuoleaae in o. 2 ml tria ... ?lg buff 

pH 8, O for 15 in t 37° ior to t:Lon of ( 3a ) DNA; this trea nt 

frail th xtract and therefore a.otivat endonucl I 

( see hman ____ al_ .• , 1962 ). onuoleaae I aati vi ty i• given by 

•ubtra.oting th. gradation obtained without RNaae from DNA 

I 

, I 
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= r1100 colic in molecules 
per bacterium 

E.coli K12 ROW 
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colicin E2 concn. 

Survival curves for E.coli !WW and HOW/1~ 

r~xpo1,euti.dly growin~ cells of F,.coli were iucuhated with tt1e 

appr·opriate conce1~trations of colicin F.2 for 20 min, serially 

diluted and the uumbcr of cell survivors determined. 1 unit refers 

to the minimum a~ount of colicin rcqwired to produce a growth 

i11hibition zone of E.coli RO\v on ai,?;ar. 
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Gro1 .. th seusiiivity of F:.coli no\v to colic :in F.2 

F.xpone,,tially g1·owing ce.lls of g.coJ i RO'.v' were incubated w:i i h the 

appropriate concn. of colicin E2, ( 10
7
bacteria per ml) aud tl1e on

600 

aiter 3.5 h determined • The different symbols indicate diffe~ent E2 
preparations. 
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10 }l 

(a) Control .coli R<Jli 

10 JJ 

(b) .coli ~ after 2h incubation with colicin 2 

(250 olecul per bact ri ). 
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RESULTS 2 

(a) Effect of colioin E2 on oell viability and growth 

Colioin activity is son timea l!Press d a.a arbitrary units 

per ml where the units are derived fran the highest dilution of a 

colioin preparation able to produc an inhibition of baot rial gl'Olfth 

on nutrient agar ( ee ethoda l ) • This ie unsatiafactory fran a 

bioohemieal point of view and a more meaningful figure wculd the 

rumber of colicin molecules regµired to kill one b oterlum ( i.e. one 

killing unit ). The number of killing units ( KU's ) in a colicin 

preparation mey detennined fran a urvival curve ( Methods 1 and 

Fig. 2 ii ) whe the colioin arbitrary units are plotted against tM 

log. of the percentag surviving b cteria after incubation with oolioin. 

The survival curve waa shown to b exponential consistent w.i.th the 

singl hit theory proposed by Jacob et al., ( 1952 ) and therefore the 

mean lethal do or tbe amount of colicin statistically needed to 

initiate one lethal event per bacterium according to target theory 

( see I.ea, 1946 ) was at 37% surviv 1 rate. This corresponded to 

approx. 100 oolioin molecules per bacterium ( cf. Maeda and Nomura, 

1966 ) which meansthat the oolioin pnparation baa a specific activity 

of approx. 1014 KU'sM. At multipliciti a approaching l killing unit 

of colicin E2 per bacterium, filamentous cell :forms were observed a.tt r 

1 ... 2h incubation ( Plates 2 i(a) and (b) ). S:!milar results have been 1/ 

observed with oolioin E2 by Holland ( 1968 ) and with mitanyoin C by 11' 

Reich t al. • ( 1961 ) • At higher mul tip~ioi tiea however this 

phenanenonwaa less notic ble probably due to the ore rapid inhibition 

of maoranoleculer syntheaia ( see text ) • 

The effi et of oolioin E2 on the growth ot a b oteria.1 cul tur 

det mined by meaaurq the on600 is shown in Fig. 2 iii. A typical 

drug-reaponae curve waa obtained fran which the minimum growth inhibitor., 

concentration ( ID1C ) was detemined end foun:1 to correspond to approx. 
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FIG. 2 iv Colicin F,2 in.Juc:c<l DNA dep;radation 

Exponentially growing (
3

n) thymine lnbelled cells of F.coli 

ROW were washed and incuhated with colicin E2 at a cell density of 

3.10
7 

bacteria per ml. At intervals, aliquots were tc1ken and the 
; 

cold-acid precipitable radioactivity determined. ~he results are 

expressed as a percentage of the radioactivity at zero time. 
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colic in mol<zcules / bacterium 
~1fect of colicin E2 concentration on induced nN~ 

degradation 

r)NA de 0'. -1·a -•at1.·on after 2h incubaLiou of cells 'l'be perceutage .., u 

with colicin E2 was derived from FTG. 2 iv aud µlotted agaiust the 
· t · of ra tio of colicin molecules per bacterium or · thc concentra 1.on 

colicin at a cell density of 3.10
7

bacter·ia per ml. 

75 colicin E2 mol culea per baet rium. M enta of thia kind 

re fi'equ t]3 d aa quiolc guide to the aotivity o a particuler 

colicin sampl . 

(b) Effect of colicin E2-.F9 on rmol ie acid stability in yivo 

{i) .m:!! 

E. coli R labelled with ( meteyl- '1-t ) th,ymine was in

cubated with various concentrations riod 

of 10-15 min the cold-acid precipitable radioactivity decre w.1.th 

time ( Fig. 2 iv ) . The maximum deer as was approx. 70% after 2h 

incubation. At colioin E2 ooncentr tiona greater then 3 ng/ml, moat 

of the DNA gradation occurred be n 15 am 50 min incubation end was 

largely over by 2h. The value for the residual cold- cid inaolubl 

radio otivity waa r asonably constant ( .:t. ) for a part1cular colioin 

cone ntration ard de ndent on the concentration of colicin E2 
added initial~ fran 10° to 10

2 ng/ml. ( Fig. 2 v ) . Above 104 ng 

colicin E2 per ml a relative decre in DNA gradation was consis-

tently ob d but the amount of degradAtiQn varied by ±. 10,-{ Ie.rge 

va.riatione were also observed t coliai.n concentrations less than 

1 ng/ml ( i • • multiplicities near to unity ) . 

The inhibition of colicin E2 induced DNA degradation t high 

colicin concentrations has not b n r ported p:-eviousl.y and mq reaul t 

fran high -econdary col1oin binding ( aeda 8l'ld Nanura, 1967J Shannon 

and Hedg , 1967 ) interfering 1d th the primary binding responsible tor 

th initiation of DNA degradation. It could also be du to the 

form tion of partially inactive oleaul.ar aggre tea ( ee G
200 

aepha.dex 

reaulta Ch. 1 ) or form of canpetition for multipi int raction point• 

per binding aite in the cell envelope normally ocoupi d by only one 



TABLE 2 ii 

ota of oolioina E
2 

and EJ on_ nu.oleio acid ate.bility 

in E. col.,+ 

( 3H ) teymir.e labelled , coli R 

xponential phas + colioin E2 

tationery P + oolicin 2 

exponential phas + colioin E3 · 

( 3H ) teymine labelled I col1 ROII/E 

xponential phae + colicin 2 

( 3H ) uridine labelled • ooli R 

xponentio.l phaa + colicin E2 

aoid aolubili tion 
atter 2h inaUb. 

6S 

10 

5 

7 

12 

Colicirul 2 and E3 
4 

u at olecule per bacterium 

r tio of 10. 
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However aiooe th b cterial chrcmoecm may not b the primary ite 

of colioin E2 action ( Iuria, 1970) a more ve e~fect on th 

membrane at high oolicin ooncentre.tiona 'IIU3Y interfere with th 

induced DNA degr dation. 

DNA degradation tarts to plateau at approx. 30 ng colioin 

E2 per ml ( . 104 colioin molecules per baoteri'Wn ) • Fig. 2 v, 1. e . all 

the prmary binding aitea are tura.ted suming all the colioin 

mol cul.ea added are apeoifically bound to bacteria. This figure 1a 

elight]Jr higher than the 2-3000 i tea propo ed by eda and Nam1ra 

( 1967 ) and 1100 itea proposed by l,iayr-Harting but varying experi

m ntal conditions appe to c :u diaorepamies. 

Colio:1.n induced DNA degradation in bacteria harvested from 

culture in the .stationary phase occurred aft r a lag of' 3()-60 m1n and 

the · subsequent rate of breakdown was redueed ( Table 2 ii ) • Thi may 

b consistent with the observatione of Short.man and Iehman ( 1964 ) th t 

cell nucl e tivity waa maximal during rapid growth and minimal 

during stationary phas • Colicin E:5 did not induce DNA. degradation 

in the enait1: train ( E. coli ROW ) and the resistant strain 

( E, coli ROW,/.E: ) 1J only slightly att cted by oolicin E2 e.t 30 ng/ml 

( Tabl 2 ii ). This conf that DNA degradation i specific effect 

ot colicin E2 and not the r sult or contaminant • 

The radioactivity remaining in the aoid insoluble mat rial 

e.f'ter incubation of th lab lled cell wi~ colid.n E2 w: ah.own to be 

in DNA by similar method.a to thoee previwaJ,y d cribed and ca2so4 
isopycnio centritugation ( Fig. 5 rl ) • 

(ii) RNA -
It we.a originally reported by Nanur ( 1963 ) that colioin 

E2 did not induo RNA b 

" I 
I 
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Control 

DNA SYNTHESIS 1ng/ml 

3ng/ml 

COLICIN 

30ng/ml 
100ng/ml 

300ng/ml 

~....g..----si--:-----t...-------,3----e----o mi tom ye in 

30 
Time 

60min 

EffP-ct of colicin F,2 ou (
0

H) th,vmine incorporation 

F,xponentially growing cc)ls of E.coli ROW were incubated 

at an initial cell ~ e~sity of io8 
bacteria µerml in M9 medium 

contair,ing 1µCi (
3

H) thymine per ml. Colicin F,2 was added after 

2C.imi" auu samples 1,ere taken • The incorporation of raJioactivity 

in to cold-acid precipitable ·,ma te1·ial was <lctermi ned. ~Ii tomyc in 

( 5~g/ml) was aJucJ at zero time. 
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FIG. 2 vii Ef' I ec t of colicin Ji',2 on ( 311) uridine incorporation 

Jt:x t'oneutially g1·owing cells of E.coli HOlv ( 10
8
bacteria perml) 

w·cr..e im:ubated \vith 1µCi (
3

11) uridine per ml an<l trcaL<.!J \vith 

colici11 E2 at tile times iHdil:ated. Cold-acid precipitable raJioactivity 

was determined at iute1·vals. Actiuomycin D ( 100µg/ml) was added 

to EDTA pretreated cells at time zero. 
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Effect of colicin ~2 on (
14c) valine and (

3
H) diamino

pimelic acid i1,corporation. 

11 gl.0 ,.,; 1,g cells of F,.c:Jli ROW were incubated at a t.xpone,,tia y ".L • 

8 (a.) 0.1 J.ICi (
14 c) valine perml density of 10 bacteria per ml with 

3 ) 1 Colicin E2 ( concn. in ng/ml and (b) o.5 pCi ( H · OAP perm • 

iudicaLed by numbers ben~ath the curves) was added after 20min. 

Hot (a) and cold (b) aciJ precipitable radioactivity was determined 
., .. ,_ 

at iutervals. 
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( 1966 ) am No and ( 1968 ) report d t t colicin E2 

induced apeoi1'ic degradation ot riboaanal RNA. In the tudie 

( Table 2 ii) no RNA gradation we.a detected during the first hour 

of colioin incub tion and on]Jr 12% degradation occurred after 2h. 

(c) Effect of colic1n E2-F9 on · ia in y:ivo 

The fi cta of colioin E2 on the in vivo yntheai of DNA, 

RNA, protein and uoopoptide ere barn in Figs. 2 vi, 2 vii and 2 viii. 

In all ea.ea yntheaia wu foll y tud.Ying incorporation ot 

labell cur or. 

The incorporation ot labelled: thymine• uridine, valine am 

DAP into maoranoleoule s waa aft, cted by oolic1n E
2 

by d.1:t'f'ering amount 

according to the ooncent tion. At 3 ng colicin E
2 

per ml DNA 

1gnif'1cantly inhibited, whil t RNA. synth sia ·only ho d 

an f'feot after a lag of ap · ox. 30 min. Protein and mucopeptide 

ayntheai were relatively unat:fected at this colioin concentration atter 

40 min incubation, consistent with the f tion of filamentous cell 

form ( te 2 i(b) ) . 

At 30 and 300 ng colicin E2 per ml ne DNA. syntl'maia waa 

inhibited almo t imm diate:cy- where RNA e,ynthe is inhibited only 

after a lag period ot 10-20 min. Protein and muoopeptid.e synthe ia 

hawed an almo t immediate efi et but contimled at a reduced r to .. 

The interpretation ot these resul ta is oomplicat d by the 

concanitant D degradation ( Fig. 2 iv) since products ot DNA 

breakdown may l r t ap citio activity of the nucl~otide pool. 

Canpari n of the etteots of oolioin E
2 

on DNA synthesis and breakdown 

in Fig • 2 iv and 2 t talc account of dit"f rent c 11 

naities, ao th t 1 oolioin E2 per ml in Fig,. 2 iv ia equivalent 

to 3 ng/ml. in Fig 2 vi, i •• approx. ,CO colicin ol culee per baot r1: • 

I 

1/ 

I, 

I I 

I 
11 



TABLE 2 iii 

E:f:feot of colicin Ee on net aynthe is of cellular rnacroniol cul 

~ 
(µg/mg dry 

( ) G;:o,ring c lle 

Control (initial) 33 

ft (2h incub. ) 88 

Colicin E2 ( 2h incub. ) 

mol /bacterium Sxl01 74 

5x10
2 

1{.0 

,5x103 31 

5x104 28 

(b) Cell upset conditions of limited growth 

control (initial) 28 

" (2h inoub.) 

lioin E2 ( 2h incub. ) 

1 
mola/baoterium SxlO 

5x10
2 

5xlo3 

5xlo4 

37 

27 

14 

12 

RNA Protin -
ight at zero time) 

120 

320 

296 

u.s 
140 

132 

111 

134 

128 

ll7 

98 

84 

408 

1840 

1472 

760 

.520 

456 

440 

720 

690 

610 

560 

510 
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aul ta are consi tent with tho e obtained b;y 

R'-·•• ( 1968 ) but ditter fr<:m th reaul ta or · Rolland ( 1968 ) 1n 

the extent of inhibition of DNA 

trationa. 

(U) Total oran2lecul 

thigh r colioin con n• 

The effect ot colioin E2 on aran.oleoular ayntheaie 1n 

exponentially growing c 11 and in young c ll!a under cond.i lions ot 

littl growth wu investigated by m urement ot total oell nucleic 

cid and protein. The result are hown in Table 2 iii where the 

amount of colioin is given by the rumber of molecul s per bacterium 

in order to enable oompari on. The xponential.ly growing cells 

incubated with colioin t a density of 2. 5 x 10
8 

bacteria per ml whilst 

the other cells harvested at a denai\y of 2.,5 X 108 bact ria per 

ml during exponential growth, reauepen:ied a~ 109 bacteria per ml and 

incub t d for 10 min prior to addition ot oolicin. 

Under conditions ot o 11 growth ( Table 2 iii(a) ) there 1R1S 

littl teotabl over DNA degr dation even t coliain:cell ratio 

ot 5 x 104 augg ting canpetition b•+=--n DNA ayntheaia and break• 

down ( aee Figs 2 iv an:1 vi ). Total RNA increased ~ ry little in the 

presence of' collo:ln whidl togeth r with result of ig. 2 vii and 

Table 2 11 sugg ta certain . gree of RNA degradation ( Noae et al. , 

1966 );. t protein ayntheaia wae also town to b inhibited um.er 

conditions of oell growth, however the amount of prot in aynthe iaed in 

the control after 2h inoub tion was di J:«"C)portionat ly high compared 

with control DNA and RNA. aynthe a. Thie waa prob bly &le to o 11a 

going into stationary p t ards the nd ot the incubation t1m. 



100 

10 

O'I 
.f 
.2: 
> s 1·0 
U) 

(a) (b) 

0 250 500 750 1000 0 10 20 30 
colic in concn. ( ng/ml) UV dose (ergs/mm2

) 

FIG. 2 ix UV and colicin survival curves for E.coli K12 mutan t s 

Exi;,o,,entially g1·<?wing cultures of the strains of T•~.coli 

K12 iud.icated were treated with (a) ultraviolet irradiation 

and (b) colicin E2. The p,r1.:entage of cell survivors was det t: rmine d 

by serial dilution a~d plating on nutri~nt agar. 
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Under con:'lit1Qna of limited c 11 growth ( Table 2 iii(b) ), 

DNA degradation was 1gnit'1cantly 1.ncre d on incubation with 

colicin Ev augge ting that DNA ynth i was not now competing 

ffe tively with the d.egradative proo aa a. RNA was al o found to 

have net degradation, althou,gh l!IDall 1n CC111parison with DNA. 

These results dif:f'i r :fran th re lts obtained with tationary phas 

c lls in Tabl 2 ii as the cella uaed in Table 2 iil(b) were relatively 

young at t t:i.m of colicin addition and p un l.y till contained 

significant nuol otivity ( Shortmen end Lehman, 196.4. ) Under 

th ae co itiona protein ynth. is in control cell1 was limit d but 

still subject to inhibition by c:olioin E2• 

( d) Effect ot oolioin E2 on the vie.bili t¥ and nucl ic e.oid stability 

of (1) UV enaitive;and iii) I deficient utanta of 
E. ooli Kl2 · 

mutant 

Threlfall and Holl.Md ( 1968 ) ha produced genetic evidenc 

that en,zyme 1nvol ~ d in repairing UV damaged DNA meJ" also involv d 

1n oolioin E2 induced DNA degradation. In or r to t at this h;ypo

thesis, the effect of ex>lioin E2 on a UV ~ nai ti train of E. ooli 

Kl2 were ccmpared with the en ots on th pirent train. The two 

atridna were charaot riaed a d acrib8d 1n ethod 2 the UV 

irradiation urvival curve ia shown in Fig. 2 ix(a). The ett ota ot 

colicin E~
1
on th survival and DNA degradation of the parent uvr• strain 

were similar to th re ts report d for E. ocli ROIi. However the 

mutant uvr .. strain w sho to b mo reai tant to colicin E
2 

induced cell de th ( Fig. 2 ix ) lthough not to the e xtent 

the colioin d orption reaistent mutant E. coli R · /E ( ae Fig. 2 11 ). 

Thor• w also a reduction in t ext nt of D degradation in the uw--

train, ( Tabl 2 iv ) • T 

with the abov lzypothea • 

ob orvati 



T.ABU: 2 v 

Nuole Aotivit;y ot 

Strain 1000 

St~ in 1100 

%D 

10 

13 

rcold-aoid oluble att r 30 min 

C 

15 

67 

5 

54 

( 3g) DNA w incubated with crude 11 xtr et befor e.Jld 

after RN 

The abov p 

trea nt. 100?1 radioactivity= 1~11,300 ctafinin .. 

the averag of duplio te determinations. 

TABLE 2 iv 

Colioin E
2 

induced DNA degradation 

Str in %DNA graded af'ter 2h 

• coli ROW (CL 142) 53 

ROO/E (CL 145) ' 
tivr+ (AB 11.57) 49 

Uff- (AB 1885) 23 

1000 50 

ll.00 54 

Colicin was used at a concentration of 3 ng,,in1. at a 

7 cell density of 3.10 bact ria per ml,. 
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It has en report d that nd.omcle I 18 sociat d 

with th bacterial me::nb and may be ituated in the periplasmio 

ap ce ( Cordonnier an:1 .Bernardi, 1965; sal and Heppel, 1966 ). 

It has al80 been implicated in.certain phag exclusion phenanona 

( Dr. .R. Lunt, 1970; per nal can:m.mi tion ). It o~ 

int re to investigate the effect of oolicin E on an ndo I-
2 

mutant ince colicin 2 is believ d to b:ini to the iml,r bra.ne 

( ee General Introduction ). The en&> I- mutant 1100 and it 

par nt strain 1000 char cteris d by th mol 

( see l thods 2 ) am th 

results ar shown in Tabl 2 v. The :ffeots of oolicin E
2 

on the 

survival and DNA degradation of trains 1000 and 1100 w re similar 

( Fi .21x(b) and Table 2 iv ). 

Thea result au,gg at t t although th ruzyme involv d 

for 

degr ion, ndc11Uole I ia not r quir d, ( Cbinata and 

izuno, 1970 ). 



In vitro activity o£ colioin E2-P9 

I r.rRODUCTION 

All published work so far reported with oolioins has 

almo t entirely ooncentrat d on the in vivo activity. The central 

do~a which explains the allo t ric nature ot oolioin action 

( Nomura, 1963; Changeux am Thiery, 1967) baa precluded inves

tigation of direct colic1n interaction with biochemical targets and 

developnent of posa1bl in v1 tro e,ystsns. In 1963 Nanura inves

tigated the poaaibility that ooliains interacted dir ctly with the 

bacterial chrano • It was first shown that trypsin reversed 

colicin action and therefore colic.in molecule remained near th cell 

surf'ac • In addition it w demonstrated that the ability of colic:ln 

K to inhibit production of T 4 phage in infected E. ooli was independent 

of the number of phage ohrano ea per be.cteriun, i.e. there was not a 

stoichiometric relation.ehip between "the oolio1n Kmolecul.e and phage 

chranoaan •• this evidence it was concluded that colicin E2, 

which was known to b unlike colici.na E
3 

and K in the poor reversal 

of its inhibitory action by trypsin, did not interact dir otly with 

its biochemical te.rg t - the bacterial ohrQmoaan. In 1964 Nanura 

supported this claim with the finding that incubation ot oolioin. E
2 

with radio~cti 11' labelJed Dl resulted in no 1ncreas in cold-acid 

solubl material. However e.11 this proved that oolicin E2 had no 

xonucleolytio ctivity under th conditions of th experiment; detail• 

of lthioh w re not ven. 

In 1966 eda end 'anura prepared ra.dioacti v ly labelled 

oolicin E2 and shared that, after disrupting eel.la that had been in

oubat d with lab U colicin E2, and tr ting with maa , over 80]b ot 

r dioactivity aocia with the cell velope traction. 

They argued that arq colioin ocia.ted with DNA in cell would 

11 



5.5 

app ar in th aolubl fraction d r th abo trea t. It waa 

ver poin 

ot DNA may r in a tta.ahed to the m brane and oolio1n E2 owld 

plex with tbia ( • Ch. 6 ). 

tration 1he oytoplaamio mbrane therefore 

ent 

unlikely, but aulta ith r dioaoti colicin E2 and tryp in ( da 

am. anur 1966 ) ah.cw that after colioin 1 ttao to cell only 

6 ~ ot the r di ctivity i r oved by tryp in dige tion. 

In 1967 Konisq and Nomura onatrated 1hat colio:Sn E.3 had 

no ett, et in vitro on i te biochemical tars t - the ribosan • On 

raising the colicin: ribosom r tio to an unphy iologioal 200, an :Sn

hibi tion of only l was observed uai:Jg a poly U protein 311the iah,g 

ayat • !A vivo a oolicin-ribo r tio of O. l ( equivalent to 

approx. 2 x 103 colicin E:, molecule per bacterium ) produces almost 

tot l r1bo oma1 inhibition. 

The publiahed wcrk has there£ore not oompl tely exolud 

th pea :il>ility that oolio:Jn 2 binda to DNA rendering it or auaoep• 

tible to nuol attack or t 1 t &>nucleol.ytio activity and 

it waa deaid d to inveat gat in vitro colioin:D intera.oti • 

a ible dir et 1n rivo int ractio.na are sub quently dealt with in 

Che. 5 81'4 6. 

An o might culture E. coli ROW dilut with treah 

di in te aerobioally untU th growth e tial. 

Th oul tur dilut t ld with tre 9 medim containing f1nal 

concentrati of 200 J.1g &,o~noain p ml in addit1 to 1 J,lCi 
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pp ar in th aolubl fraction 

ever poin and Nanura1 1966) that a an ll 

ot DNA m~ r in a tt ahed to the m bran end oolioin E2 ocw.d 

plex with thia ( ae Ch. 6 ). 

unl ly, but sult with r dio ti colicin E2 and tryp in ( d.a 

an:J. Nanura 1966) ahow that after colioin 1 attac to cella only 

6 0 radioactivity 1 oved by trypsin djg tion. 

In 1967 Konisq and Nan~ dsnonatn.ted that colioin E3 had 

no ett et ~ vitro on i te biochemical targ t - the riboaan • On 

raising the colic1ncribosom r tio to an unp}v iologioa.l 2001 an in

hibition of only l w observed uaing a poly U protein ,Yntbe ia:blg 

ayat • In vivo a oolioin-ribo ratio of O. l ( quivalent to 

pprox. 2 x 103 colicin E.5 molecule per bacterium ) produces almo t 

tot 1 ribo anal inhibiti 

The published wc:rk has therei'ore not completely exclud 

the poaa:fbility that colicin E2 binda to DNA rendering it ore •uaoep ... 

tta.clt or that 1 t baa donucleol.ytic activity and 

it waa decid d to reinveatigat in vitro colioin:DNA intera.otiana. 

aaible direct 1n vivo int ra.otiona are ubaequently dealt with in 

Chi,. 5 an,d 6. 

An o might culture ot E. coli ROW wa.a diluted with freah 

di an1 incuba robioally until th growth 

Th culture waa dilut t 1d w1 h f're M9 medi 

e XJJOnential. 

ontaining final 

concentrations of 200 )Jg de~o in per ml in dditi to 1 µCi 
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( methyl,)H ) th;ymine ( 0. 1 Ci/1 ol ) per ml or 0 . 025 )101 

( 2-14c ) th;ymidine ( .5. 6 mCi/mmol ) per ml. Unlabell d DNA 

prep d in gre :ter bulk, ( 5 1 of culture compared with 100-500 ml 

for 1 bell d cella ) • 

The culture was incubated aerobically f'or 5-6 g nerations 
8 after the aecond dilution until a o ll dena1 ty of 5. 10 bacteria per 

ml w reached. The bacteria W1 re harvested by centrifugation, 

wa bed twice with l.ysia m diun ( 0.15 MN Cl; O. l M E'Ul'A) at 4° and - - . 

reauapended at a cell denaity ot l x 1010 • 4 x 1010 
baoteria per l 

0 . 
in lyaia edium t 20 containing 500 µg ly oeyme per ml. At't r 10 

min incubation, odium dodecyl sulphate ( SDS ) was ad d to final 

concentration of 0. 5% ( w/v) and incubation continued at 37° for 15 

min to canplete lyais. In addition to breaking up the cell membranes, 

SDS also inhibits DNaee ctivity ( ur, 1961 ) . The opaque viscous 

c 11 lysate we.a tre ted with 500 )Jg pronase per ml and the incubation 

0 continued o might at Yl • Aft r pronaae digeation the lysate w 

cl ar and a further volume of 25% ( w/v ) SDS was added to give a f'inal 

overall concentration of 1. 01 In order to dis ooiate DNA from 

residual protein oanpl xe the ionic strength as increased by adding 

5 !! odiun perohlorat to :final concentration of 1!• The nucleic 

aoidw aepar t d fran the cell debria by ently shaking the l.yaat 

mixtur with an equal volume Of ohloro:toxm containing ( v/v) 

_E-OCtanol~ T emulsion we.a broken by centrifugation at 10,000g 

for 15 min. The upper aqueous pha.se wa removed using an :ln rt d 

10 ml pipette and propipett so ae to minimise hear. Care waa taken 

not to contaminate this .Phase 'With any intertacial terial. 

T ·queoua phas wa:, gently overlaym.-ed with 2 velum a 96 

( v/T) ethanol and the nuol 1o acid ( :C~A and :&NA) pr cipitate t 

t inte~ on thick glaa rod. T 
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precipitat nucleic ao1d quickly di olv 1n .5• .30 ml "dilut 

butt " ( 0.01 _ tri •HCl pH 8.0, O.Ol _ NaCl and 0.5 _ Em'A ) 

depending on original culture volum. • This nucleic elution will 

aubaequ ntl,y be ref'eiTed to as tage I pirified DNA. 

RNA removed frcm the tage I purified DNA by t ting 

0 for 3h at YI. _ tris- Cl pH 7.9 4 M NaCl e then added to th -
nuol ic oid preparation to give final concentrations of' .0.05 Hand 

0.2 _ reapectiv ly. T re idual protein and dige ted RNA were 

removed by shaking with an equal volum of water aturated rediatilled 

phenol ( or freshly de up .AnalaR phenol) t pH 8.0. The 2 phases 

re Jal'ated by centrif'ugation, the upper a.qu ou phase ov d end 

DNA precipitated with ethanol. The precipitated DNA w: slowly 

di•aolved 1n ssc/10 ( SSC is 0.15 ! Cl containing 0.015 M tri od1 -
citr t ) or "dilute bufi r". The DNA aolution w extracted four 

timBa with equal volumes of ether to remove trace of phenol and etore 
0 

o r chloroform at 0-4 • Thie will ref'e~d to aa •tase II ~:t'i 

DNA. T proc dure 1 ted 2• 3 days. Diapo abl polyt m glove 

worn n handling DNA to eliminate ruole e contamination. 

tion a yield of 30 mg atag II waa 

ob d from 4 g dry w j,ght cells. Thi DNA had a 260/2ec1D 

optical i ~ ratio of 1.96-2.0l and a melting tam1.,.,.. 

( ig. 3 iii(a) ) of 63-66° in sso/10 ( method d aori d. later ). 

elting curve had a oompl tely flat bue line inlio ting the 

b nc o RNA a re icity ot 25- T labell d DNA •a 

had a ifio aoti t1 of ,-6 103 et /min,hig _for ( '1f ) and 

1.5•2.0 x: 10' ota/min/).tg for ( 14c ). Th r dioactivity waa detomimd 

ipitabl o ta on Oxoid m brane f ilt • u BBOT: 

I 

I 
I 

I , 
I 



toluene cintillant. The molecular wei.ght of stag II DNA w 

approx. 107 tel!!lined by the croa densicy-gr client thod 

( see Ch. 5 ). hot :1n contamination was le s then 1% 

det nnined using the-methods of Lowry t e.l. , ( 19.5~ ). DNA 
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cone ntration was det mined speotrophotcmetrical J.y u ing the 1% 

( w/v ) extinction coefficient valu at 260 nn ( E2~~ ) of 200 

eland ur, 1968) for pur prep tions and the 

dipheeylamine m thod ( Burton, 19.56) far prepara iona containing 

RNA or protein. 

(b) Freparation of radioactively labelled T4 phage and T;. DNA 

The m thod us w baa d on that of Thanas and Abelson 

( 1966 ). 

nentally grarhlg 11 of • coli B t a c 11 density 

of .5 x 10
8 

bacteria per ml in phage dium were we.ahed and resu pended 

at the same cell denaity in fresh phage medium containing 200 µg 

deoxy deno 1ne per ml. The resuapended cells wer infect d with T4 
phage at multiplicity of 5; 10 min after i.nfection ( 2-140 ) 

th,Ymidine ( apecifioactivi ty .5. 6 mCi/mmol ) or ( methy1-3n- ) thymine 

( specific activity 0.1 Ci/mmol ) wu added to the medium t a final 

concentration of 0.05 µCi/ml or 2 µCi/ml respectively. Incubation waa 
0 continued at 37 for a turth 2. 5h. To oompl te cell lya1s, the 

culture w r ted for a ra.l mi.nut with 1/50 volum chloroform. 

The cul tur ly te w: centrifuged twi in rl4l rotor at 6.000 

v/min tor 10 min at 5° in a Eeclmwl L2~HV ultrac ntri.tug to remove 

cell bris. The up ma.tent traction n 1tuged at 

21,000 /.rnin for 25 min, Tho phag pell t w: · lowly re11USpended 

in 1/.50 of the original culture volUD: of O.l ..:.Phosp t butter pH 7.0 

cont 1n1ng 0.1 M Cl, Using .50 origil'la.1 culture, t p aua-

ion ( l fo uni • of 

agar teohnicp 

ot 240. 

( 1959 ), i.e. oorreapmding to a burst aize 
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oaotively 1 U phage DNA 

phage UIJP nsion by g ntly rolliJ:Jg th 

extracted I" th 

vol of wat r 

tur ted phenol tor 30 min. ter saturat phenol 

up frc:m olid AR. p nol an wu utra'lis by ehald.ng with en 

exc a ot 0. 1 _ phosphate pH 7,.0. The phenol layer waa separated 

tran t queou layer by chilling in ic and centrifuging. The 

phenol l~r waa removed using a Pasteur pipette. The phenol rolling 

t ohniqu was re:peat d twice tor .5 min ea.oh. The aqueous phase 

conta.inirlg DNA waa then xtraeted 5 tim a with ecpial volume of 

queou.a ther to phenol. The final yield of' phag DNA waa 

pprox,. 2CO µg ( 25;r. yi ld ) :fran 6 x 10
12 

phag unit using the 

apecifio ab or anoy for gluco ylated t 260 rm of o. 0181 
2,1.ig 

( Ru nstein t al.., 1961 ) . The pecit"ic otiviti were 3.000 

et ,Anin/µg for ( ~ ) end 12,000 ota,hnin/µg for ( '1f ). 

•••••= mixture c rus1ated of 0.05 _ ri •HOl butte pH 

1.0 or a.o, 5 __ II DNA per ml ( dial.y: ed against 

0.05 _ tria l b f. r ) and 0 . 4 J.18 panore tio DN Ipermlina 

up at 10 ).lg/I!ll. in total vol ot 2.; ml. DNas I aa f shly 

pH 7.0 a. o containing l mg erum albumin per m:!. 
0 ' 

t 4 until required. The 

j oketed quartz pectrcmet r cell. The temperature wa kept at '!1)
0 

-
by Haake I co tant t pa:n.ture device. The inoreaa 1n optical 

denaity at 26o nn 

unit. 

A f'ull •c 
inst time using Ca ry 1 5 1 recording 

d t"leetion wu equivalen to 0.1 OD. 

On ition of DNi Itoth DN.Am the optical it,y 

r l in and continued linear~ t min1n:um 

of 7 in. The enriJme activity is ex,:iresatlCI. in 

a 5 in 1 

of optioal d ity 

in ) per min. 
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The stock oolic1n E2 elution dialysed againat 

0.05 ! tris•HCl r pH 7. 0 or pH 8.0 b fore uae. 

(d) Vieco itY meaaunmenta of' DNA 

All viscosity of DNA aolut iClnS we carri d 

out uaing a impl Ostwald viscometer 1n constant t pe ture water 

bath at 'YJO ( Ie1th, 1963 ). The viaco ity Of a liquid was t n to 

be proportional to the time taken f' or 1 ta menisoua to ~ :vel under 

gravity b een 2 point abov: a vertioal capillary. The liqui d 

vol we.a 5 ml and contained .500 JlS tag II DNA per ml ( tock 

solution dialy ed inst 0.05 _ tria•HCl buff r pH a.o ), 0.05 _ 

tris bi.if'ti r pH a.o and 5 _ S04. 

The flow tim for water ,r 27. 4 + O. l a, Th flow times -
for DNA solutions re highly reproducible ( time error.±. 0. 1 eo) 

for constant v1 cosi ties. The DNA solutions cpilibn.ted in the 

visoaneter fo at leaa 30 in, during which the flow tim did not 

alt r by more than 0 . 2 c . On addition o DNase I flow tim s 

taken at 3-5 min interval.a far 30 min. 

aol 

due vi c-o ity llz.ed 1a d, fined as tollora: 

11 d = I\re l - l ( E r 1968) 
C 

( unit of cilit 

1lrel or relativ viscoaity-= o/ 1'\o • tp/topo 

p g ) 

th actual visco it a of the ~l and ita 

t and t
0 

ar t flatr 

c ia the amc ntratj.on 

and~ and p
0 

th densiti a. 

DNA in aolvent in g/100 ml. 

The intrinsic viec ity ( ) 1s the reduced v1 coaity 

r polated to ero concentration ( to eljmina: molecular int raotiona ) 

und r oonditions at ro htar 

( ol ul 

client and 

ight. 

liquid ). 

I 
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( ) Thennal 

All melting curv on DNA samples were pert'oimed in a 

t flon stoppered quartz 1 an cell using a Cary_ 15 recording apeotro

photaneter. DNA samples ( 2.5 ml ) hed an optical nsi ty of 1. 2-1. 3 

0 
at 260 rm and 20 • The aemple t perature was regulated using a Haake 

constant temperature bath and raised at a rat of o. 5° /min tran 25° to 

0 
90 • The DNA solvent used was ssc/10 or 10 !M. phoaphat pH 7.0 

( Marmur and Doty, 1962 ) • Cooling w perfonned by flu8hing the 

Haake /oonatant temperature device with cold tap water through the 

cooling coil. 

The o-213 value or dispersion of the thermal transition 

( Mahler et al., 1966; Mendel and Marmur, 1968 ) was d rived :£'ran the 

Cary 15 ltracea and correspond d to the tem.pe.rature dit.f'erence between 

17% and 8J% abaorption ria 

(:r) Optical Rotatoq Di J?!rsion 

0 
All measunm ta were carried out at 20 in a Bendix-Erica on 

Polannatic 62 Recording Speotropolerimeter u ing a 2.50-,,att Xenon l.emp. 

Samples were pla d in 10 nm or 2 x 5 cp.artz lla and. the instrument 

so8l'll'led fran ,20 to 220 rm ( 32""45 wav nos. ) • T ba line noi 

waa approx. O" 3 mlllid greee ( m 
O 

) and th asmple noise waa apl)X'Ox. 

0 
1.0 m • The noise lev l waa too high b l 220 nn to make IIJ\Y aocurat 

m aaur si_ta. F.e.ch apeotrum a performed in triplicate and the an 

of the point• plotted, The scanning speed was pprox. l wave no. per 

min and inati:unent range setting w: 100. , The aampl volum was 

approx. 0.5 ml in a 10 c 11 and cont ined 50 µg .nucleic acid per 

ml ( on260 1.0 ) in ssc/10 solvent. 

The oanbined ORD peotrurn of oolioin end DNA ( separate ) 

in Fig. 3 vi was obtained uaing 2 x 5 cell 1n eerie• W'ith twi 

·the control 0000 ntration of colioin in one cell and twice the ooncen

tr tion of DNA in the othtr cell. The oolioin and DNA aoluti.ana were 

then mixed and returned to the 2 o lla for the mised pe ~. 

I j, 

I 

,1 

I 
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s-20% ( {v ) sucroee rud ty dient w rem up in 

0.1 _ NaCl-O.Ol ! EDTA-0.0 tri •HCl pH 8.0 ( NET butt< r, 1th 

Hanawalt, 1967 ) for neutral gre.dienta and in 0.9 _ NaCl-0.l !! OH 

.5 ~ EDTA ( Studier, 1965 ) for allcaline gradient • A£ter incubating 

25 JlS ( 14-c ) D with .50 µg oolicin E2 or 1 ng DNase I ( plus 20 _µg 

aerum albumin ) in 0.5 ml 10 _ phoephat buffer containing 5 _ 
0 

,0 in at 37 , the re otion stopped by adding 0.5 l 

io -cold 2 x concentrated NET buffer for utral gradienta or 0.5 ml 

ice-cold 0.5 !! OH-10 _ EIYI'A tcr a.lkalin gradient • In addition to 

stopping tb, DNaae reaction in neutral samples, EDTA me saey to 

prevent precipitation of alkaline ssmpl s che to the pre noe of ++ 
• 

o. 2 ml treated DNA solution ( approx. 10, OOO ota/min ) was layered on 

to a 4.8 ml cro gr di t and centrifuged in a SW50 rotor at 40,000 

rev/min end 20° for 3h ur,ing e. Spinoo Model L2..ffV ultrao ntrifuge. 

plicate detenninationa were carried out in each caa • 10 drop 

ample ( o. 15 ml ) were c ollected from pinhol punched in th 

bottom of the o ntrif\lge tube. Sampl s re mixed with o.,:, ml w t r 

and 3 · ml Tri ton x 100: BOOT-toluene mixture ( 1: 2 ) and the 1r radio

aoti v1 ty d t nn du ing a Fackard Tri-Carb cintillation apectro-

m t r. · _Sedjmentation valu a approximated from sulta obt ine 

1n Ch. 5 and the ight a rag ol cular i t of 

detennin using the :fonnul ot Studier -( 1965 ) • 

(ii) Det tion ot colioin bJ..ndi.pg to DNA 

5-2 ~ ( vr/w ) uaro denai ty gre.di 

DNA plea 

Nac1 .. 1 _ phoap te butt, r pH 7 .1 ( l ent' 1d t al.• 1963 ) • 

50 J.18 colicin E2 i.ncuba. with 10 Jl8 ( 'ii ) D in 0.5 l Cl-

I 
I 
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0 phos bu:f r pH 7 .1 or 10 min at 20 • o. 2 ml DNA olution 

( approx. 20, OOO et /min ) wa la.ye.red ont 4. 8 ml aucroa gr nt 

0 and c ntrituged in r5() rotor at 40,000 rev/min and 4 for 3h 

u ~ a. pinco L2• HV ul tre.centrifuge. Th gradi ta fraotio 

r dioaotivity and. oolioi.n aotivit d. Colicin 

otivit w m asured by the growth inhibition eone method ( deacrib 

1n Oh. 1 ) after t ntold dilution of the aucrose fraction. 

(h) Iaopz:cnio centrituption 

50 µg oolioin E2 w s incub ted wit 10 µg ( ~ )-DNA 1n 

0.5 ml 10 _ phosphate but':f r pH 7.0 for 10 min ~:~ ;,°. 0.2 ml DNA 

olutian mixed with atook CsCl or C 2so4 solutio in 10 tria-

HCl buffer 8.0 caitaining 10 ~ EDTA o that th final naitiee 

after adjus ent with tri • ED'rA buffer using the refractiv index 

method of Szybalsld ( 1968 ) were l. 7100 g/ml for C Cl or 1.4250 ~ 

tor ca2so4• The mixture was overlaye d with liquid per fin and 

centrifuged to equilibrium ( 45-70h) at 44,000 or 32,000 rev/min 

using a u -50 or Ti-50 rotor 1n a Spinoo odel L2-HV ul trao ntrifu • 

The tub cont nta wore fr: otionated ( s Ch. S) and the r dioaetivity 

m asured. 

Radio otiv 1y 1 b 11 d DNA' Microooccu 

and T4 phage were included th tbe oolicin treat d 

0 tured by heating to 100 tor 10 m1n in 10 _ 

phosphate buf'f r pH 7. 0, ~ollo by pid cooling in ice. 

A aimiler ayat uu on the Beckmon Spinco odel E 

0 ane.lytical ultracentr:1:tug at 20 using Kel•F centrepiec for 
0 

ata.ndard and l eh c 11 receiv o. 7-0. 8 ml oluti 

containing app • 0.5 µg of oh D 

1 20h with UV op ice am tr oinga w 

recording miorodenait ter, 

Htoto pha 

using a J oyc -Lo bl 

I I 

I 

I 1 

I 

1111 
I 

I 

i I 
i 

I 
I 

i 



The methods u d were b ed on tho described by Jonea 

and Be ( 1966 ) for RNA pol.J,meraa and Yuan and M a lson ( 1970 ) 

for restriction ndonucleue. RNA polymerase fr ction IV 

( Chamb rlin and Berg, 1962 ) 

s ction ). 

uaed a atan:!ard ( se next 

2 incub tion systems were investigated containing 1n a 

total volume of o. 25 ml; (i) 10 ),UllOl s tri -HCl pH 8, l µmol MgCl.2 

and 3 JmlOl mercaptoethanolJ (ii) 2.5 µmola phoephat butter pH 1.0. 

th syst contained 12.5 µg tage II ( ~ ) labelled DNA per o. 25 

ml ot incubation mixture ( 60,000 ots/min ). .After incub tion ot 

each yatem with either RNA polJmer or oolicin E2 for 5-10 min at 

0 37 , the ixture was dilut d to 2 ml with ice cold 10 tris-HCl -
butt r pi 8 oentaining .50 _ N Cl ( ay tan (1) ) or 10 _ phoaphat 

butt r pH 7 ( ayatem (ii) ) and fil te throogh a Millipore mbran 

( type HA, pl in, white, 2.4 cm diem t r ). he membran fil tera were 

d for 15 min in t diluting bun • .After filt-ration the 

br 

gent 

d with 2 x 5 ml of the dilution bun r under very 

otion. The brane filters w dried Md t radioactivity 

dete~ by licpid aointillation counting. (1) waa de cri d 

y Jone and Berg ( 1966 ) whil t (ii) duplic ta the con-

ditione u 1n th rmal d turation of DNA. 

The effect of ionic strength on the tability et' the DNA1 

prot :1n co pl x waa detemined by incre 1ng the concentration of 

NaCl 1n t phosphate dilution buffer. This saline-phosphate buffer 

1fi u for dilution e.tter incubation ot DNA with· protein and t 

pre oaking and washing the fil tera. The initial incubation w per

tome in the at>eienc,e of saline. 
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The aye u d far aq1ng RNA polyni 

a total volume of 0.25 ~l; 10 _µmol tria-HCl pH 7.9J 1.0 µmol MgS04J 

0,.25 J.111101 Cl2; 0.1 pmols a.eh ATP, CTP and UTPJ O.l µmols· ( l4c ) 
GTP ( O. 36 .Ci./mmol ) ; 3 _µmol m toethanol; 50 )lg tag II DNA 

and '" 5 µg RNA polymer ( Biopo i[ 
er Inc., 2000 uni ta . per mg 

fraction IV ( Chamberlin and Berg, 1962 ) ). Th enzym etoi.d 
0 t -20 in glycerol. 

After incubation at 37° for 30 min the r action was stopped 

by transferring the tubea to boiling ter b th and b ting tor 5 

mi.n in order to denatur the nualeio acid and aid oid pr oipitation 

( aring, 1964 ). The • ay mixtur w: then cooled in ice and 0.1 

ml ( 2 mg/ml ) cru ye t nucleic oid added to aid cold acid preci

pi t tion of newly ynthesis d RNA. o. 35 ml lOJt, ( w/v ) TCA wu added 

and th cold oid precipitat was t"ilt red on Oxoid m bran a afier 

10 min, waabed and th radioactivity detemined. 

'1'he w b o tho to Nirenberg and tthaei 

( 1961) 

oporati 

R •• Hi l ( 19691 reonal oanmunioation ) • All 

w carried out tw"-"'" O 
O 

and 4 °. 20 g of t 

cella ot . • coli 600 were au.epeinae1a 1n 25 ml TM, butt< r • 

containing 2 µg ...... ,._SC# per ml and brolmn by blending with 60 g acid 

1oroblendor t. tull ed tor 10 min. 

Th broken c lla · oentri.1\1,ged at 2000 rev/min tor 1 in 1n a MSE 

18 centritug using wo .50 ml centrifug tubes. The dark supernatant 

•1 1 t • t ta4' • t in-

tal nucl tide p 15 in in ti a 

37° ri h tiff u 

• TAMM buffer; 100 _ NH
4 

Cl, 20 ai 
6 
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:f'lui tain d and the two pell ta reeuapended. in 2 x 5 ml TAMM 

buffer. The o ll debris was a.g in centriftlge end au rnatant 

fractions combined. · r treatment nth a t'urtl r 2 .. µg mase per 
0 

ml at 4 · for 10 min, the cell upematant traction aa centrifuged 

for 15 min t 11,500 rev.kin. . The sup rnatant and top pell t 

raetiona w d and further centrif'ug d ,..t 16 t OOO rev/min for 

30 min. The cl ar upernatant fr, atian w · dialysed for 16h ag&inst 

3 x 3 1 T butt .-e.1'ter whi tim a ediment had tormed ic:h w 

removed by oentrit'ug tion at ll , 500 rev,hnin for 15 min. The final 

ol ar oell Axtract had a volume ot' .5-10 ml and an on260 of pprox. 500. 

(11) 8Y szatem 

The poly U directed in vitro prot in synthe i ing system 

contained in a total l e ot 0 • .25 ml: 5 µmol tri •HCl pH 7. 8; 4 

ol m 

o. 25 )Dols ATP; 0.01 )llllOla GTP; 2. 5 )JlnOla oree.tine phoapha J 10 J..l8 

ere tine kina e J 10 µg poly U J 2 nnols ( 14c ) phenylala.nine ( 75 mCi/ 

mmol ) and 5. 0 on260 units ~ of cell extract. 

0 After incubation at 37 for 15 min the r action wa stopped 

with 1. 5 ml 5 ( /v ) TCA. he p cipitat d 't; 90° for 

15 m1n to ove ( 14c ) phecylalanine tta d to tRNA, cool to 

roan t rature and :f'il tered on glass fibre fil tera,, Th filters 

bed, dried end the radioactivity m ured. 

K OD26 unita; unit ot maT'.AP'I hioh in a 1 1 

li p th will an optical of 1.0 t 260 n:n. 

! 

ii 

I 

I 
I 

1 I 

11 

I 

I 

I I 

I ! 

I 

I 
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J 

There are a number of po ll>l in vitro interactions 

ot colioin E
2 

with DNA and the e were atudi d by inTe tigating 

(a) deoJcyribonuolea.se activity, (b) DNA de tabiliaing aotivity, 

(c) DNA binding activity and (d) action on in yitro maoranoleoular 

aynthe is. 

ae actiYity wa investig d by incubating DNA with 

colicin 2 d xaminins D.i.'\A torJ (1) a dee in cold• id 

1.naolubl nucl oti mater1al, (ii) an 1noreaae 1n absoxption at 

260 nn, (111) deore 1n vi coaity and (iv) d ore 1n $ di-

ntation on neutral and alkaline uoroae denaity-gra.diente. 

111111,tan~Atio DNas I e.s uaed a •tandard throughout. Thie enzyme 

is a "double hit" endomicleaa ( Studier, '1965 ) am th final 

product of the gradation are predaninantly di• and tri- nucl o.. 

tide ( Laskowski, 1966 ) • 

( 1) Effect of oolioin E2-F9 on cold-acid in oluble nucleotide 

terul in vitro 

Thie wae the only 1p vitro method uoed by Nanur ( 1964 ) 

tor oolicin E2 and although tb experim ntal tail8 ro not inolud 

in hie per, it waa a uaetul atartiDg point. The e:x;p riment invol d 

incubating oolioin E2 or D nth variety of radioactively · lab ll 

DNA substra.t a. Q,rtain nucle • 1n E. ooli ( Iehman, 1967J 

Richard on, 1969) kn<Yftn to be inhibited by RNA ( endonucl e I) 

ctivated by DNA denaturation ( endonuole e II and exonu~l I) or 

deorea1 ot 

olecul 

· presence~ 

molecular weight ( nucle r.v ). o•t nuol aaea 

++ for otivation. 4 parameters w th9 re for var.l.ed; 

++. phyaioal 

oho o nabl det ction ot exonuole -



TABLE' i 

Effect of colicin E2 on cold- acid precip1tabl nuoleotide material 

in vitro 
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lytic otivi y or aive endonuol olytic aotivi ty stnilar to 

DN I under pecifia condi ticma. The ettects or m specifio 

activators au.eh as nuoleoaide triphoapha.tes and s - adenoeyl thionine 

( exomieleaa II and VI, endonuole 

inv, tigated. 

III ) and of pH were not 

cold .. aoid 1.nsolubl radio otivity (et /min) The results er ahOYll in Table .3 1 and confirm those ot 

DNA 

(14-c) DNA ( • 1. 5x107) 
stag II fg++ . 

+Mg++ 

• ++ 
age II hat denat . +Mg 

(14c) DNA Stage I(+RNA)+ ++ 
( t 2. 2x 107) 

control +oolicin E2 +D I 

18310 18570 17130 
18170 18,20 270 

18110 18070 570 
19110 18920 910 

33520 32~10 l+.20 

10 _µg ( 14c ) or ( 'it ) DNA incubated w1 th .50 pg oolicin 

E2 
or l Jl8 D I ( plus 50 J18 albumin ) in l ml 50 _ tria•HCl 

0 
pH 8. O containing 5 _µmole M.gC12 or 5 JlmOla EI1.l'A tor JO min at YI • 

The r action was topped by adding l ml ice-cold 10% ( w/v) TOA. 

.A!'ter 30 min at 4 ° the preoipitat was tilt red through laas fibre 

di a, washed, dri:,d and the ra.Moactiv:l.ty detexmined. 

K DNA w 
0 

denatured by he ting to 100 in tria-HCl bun r tor 10 

min followed by rapid cooling 1n ice. 

'omura ( 1964 ) . Colioin E2 was demonstrated to xhibit no nuol e 

activity detect d by th1a method under these conditions. The 

mol cular ight of the DNA ampl a u ed were determined by cen trl• 

fugation on neutral sucrose denaity-gradient as de crib in M thoda 3 

and Ch. 5. The ( 'ii ) DNA was reduced in size by shearing in a hypo-

dermic syringe n dle. DNase I waa activ on all DNA preparation in 

the pre enoe ot Mg++. The increased residual radio ctivity after 

DN I degradation of stage I DNA s probab:cy du to acid preoipi-

t tion of RNA increasing the retention ot radioactiv nucl otide 

material on the filter. 

St e I purifi d nucleic acid isolated :from c 11 labelled 

with ( 'a ) uridine was also t sted with colicin E2• No deerea.ee in 

cold-acid precipit bl radioactivity was det cted. Colicln E2 

th ref'ore as1SUJ1 d to have no RNa.a activity in vitro • 

( ii) Et'feot of oolicin E2-P.J on the on260 o~ DNA and DNaa I activity 

kn alternative method of aa eying DN I is to determine 

the incre 

Thia method 

1n abl".c,;cption at 260 of DNA 88lllpl ( Kunitc, 1950 ). 

a en t'requ t~ uaed ~or investigating inhibitor., etteota 

of certain antibiotics on DNa.se activity ( Sarkar, 1967 ). Although 

the pH optim of this nzyme ia approx. 7.0 ( 

own re ulta ) xperlmenta are usually perfonned within a r ot 

I I 

I 

I 

' ! 

I 

I i 

I I 
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T.ABIE 'ii 

§P!ctrosoopio determination of nuolea.ae ctivitz 

CONDITIONS .... - - - DNA buffer 6.0D260/minxl.o' 

Mg++ Coliain DNase other 

l + '"" • - 0 

2 · + + - 7. 8 

., - + - 0 

pH a.o 4 + + ... - 0 

5 if' + + • 0 

6 + + + - 10. a 

7 + +(icono) + 9. 6 

i 8. 1 8 + + denat. + 

9 + + DAU2 0. 3 

10 + - + Ac:J:2 1.13 

11 + - + 18. 2 

pH 7.0 12 + + + ... 19.8 

1, + + - 0 

l COlio:in E heat denatured at 100° tor 10 m1n prior to 1.ncUbation . 
2 

·2 DaW'lCII\Ycin tinaJ\Yoin D conon. 20 µg/ml . 

3 r a lag of 4 in. 

The incu · tion mixture contained 20 µg DNA r , 0.0.5 !!. 

tris•HCl butter pH 8 or pH 7 and when indioat d 5 _ Mg504, 0. 4 µg 

r ml and ,0 yg licin E2 per ml. The in OD260 

was det ine4 aa described in Methods :,. T rates were .:.."""1r 11crea 

or triplioat deteminationa. 

2 pH l.Ulita above or b l thi opt:imun owing to the greater 

reproducibility of results and the aaier detection of inhibitory 

or stimulatory eff ote. 

DNA olutions re incubated with varying canbinationa ot 
++ ' g , colioin E2 and DNu and the incn, e in 00

260 
per in 

detennmed ( Table 3 11 ) • Under e oondi tio colioin 
2 

exhibited no nuol activity ( tube 4 and 13 ), h r on pre• 

incubating DNA with colicin for 5•10 min t pH a.o, the ~ te of DN 

induced 1no u in DNA ab orption at 260 nm w. enhanced by 38 

( tube 6 ). he molecular~ tio of colicin to DNA un r the 

diti~ ( T ble 3 ii ) was 250 and at half' this ratio the nhanc ent 

waa ( tube 7 ) , however above 250 mol cule of o::>11o1n p r DNA 

molecule there w no ign.ificant rat incr se. Thi enhanoement 

could be an art f et ard not du to a sp ciric DNA-.colicln E
2 

inter-

otion. The art f ot could eri if addition et colioin lowered the 

pH value ot the DNA a ple or alt red the ionic enviroment, sine it 

is known that Mn++ baa significant f'fect on DNaa I action ( elgar 

and G<:>ldthwait , 1968. ) However the pH value did not ohenge on 

addition of col · cin to DNA 1n tra- HCl buffer pH 8. o and inaub tion 

of DNA with oolicin em· DNe.se in tm absence of · ++ resulted in no 

t cta.ble degr tion ( tub 5 ). In addition heat activated 

colioin E2 had almost no -,ffect. 

The ff, ota of colioin E2 Wi re only on th r te of DNA 

d gradation by DN I not th ab olut amount which correaponi 

to approx. 35 inore r 2h incu ti • 

ment tt, et of oolioin 2 on D as otivity at pH 8.0 

nhanc 

prob bly 

t reaul.t of an int raotion with DNA substrate rather than the 

enz.ym , owiJ1g to oompatibili t;y th colioin:DNA molar r tioa with 

I I 

, I 
I 

I I 

j I 

I 
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uba quent reeult • Howe r the l tter possibility was not ccm-

plete~ exclud d am ooul d invol prot ction of the nz t 

ad rae pH value • The enhancement effect was reduced at pH 7. 0 

( tubes 11 and 12 ) probably due to th pH effect on the e~. 

Preincubation of DNA w'ith d.aunanycin and actinanycin D 

( tubes 9 end 10) resul din dift rent de a o'f DNaa inhibition. 

Daunomycin ( Kersten t al., 1966 ) a well oharaateris interaala.ting 

drug almost totally inhibited DN I whe e otinan.,cin D only 

inhibited DNase I otion by 7 ~ during the first 10 min. Thi 

aotinomycin D re ul t was consi tent with results ot Sarkar ( 1967 ) 

and may reflect oteotion of only guanine rich regions of DNA 

( Kirk; 1960 ) , see Ch. 4. 

In addition to t s re u1 ta it waa oba d that the 

was a 5•10% eyperohranic effect on mixing colioin E2 with DNA. The 

int rpretation of this ob ervation mq be r la.ted to the reaul ta 

with ORD. 

(iii) Etf et ot colicin E2-:EXJ on DNA visco ity in vitro 

If eollcin E2 w re a limit d endonucle the above 

experlm ta would not be e.x;peoted to produce posi tiv: reaul • 

iti thod tor 

th det otion of double- trand cl vages ( Schumak r et 1., 1956 ). 

Single-etrand breaks are not teoted by a significant change in 

viscosity except ne lting peratur . ( Hsya end Z:bnm, 1970 ) • 

Th reault are shown 1n Fig. 31 where the "reduced" 

viscosity ( for definition see ,!ethc:d ) ia plotted against tim • 

0.5 µg D I per ml reduced the DNA viscosity to thlt of water 

within 2 min ( see i , 1963 ) and at a concentration 0£ 0.02 pg/ml 

I 
lr, 

I I 

I I 

.

,Ii II I 

I I 

I I I 
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60 

40 

fl red . 

20 

F'JG. 3 i 

10 20 
time 

+ colicin 

--~DAU 
+-DNase 

-~--~ DNase z colic in 

30 40 min 

Ef1ect of culiciu E2 and intercalating drugs on ON~. 

viscosity a1,d the activity of DNase 

The reduced viscosity ( 9.red) uf F.coli DNA ( 500,µg/ml) was 
30°. nNase ( 0.02µg/ml) determiued using an Ostwald viscometer at 

f daunomvcin (10~g/ml), was added at t.ime zero in tlie presence o. J 

etbidium bromide (25µg/ml) and colicin E2 (50.,µg/ml) as indicated 
· t t· The effect of · ·t · Jjlotted agains ime. and the fall in v1cos1 Y 

l DNA V1·scositv was also determined. colicin a one on _ , . 

71 

a t'ound to produce m urabl 

30 min. 

min in the vi caneter. 

equilib 

The r ot1on in DNA ol cul 

for 

ight a 

eult of sh in capillary w le eime after 10 

auec 1 flow time dete.nninations the f'l.ow tSme had deore e4 by 

only 1 aeo ( approx. l~ ). Incubation of the DNA sample 111th 50 µg 

coliein per ml for l+D min. did not reaul t 1n igniticant chang in 

viacoeity. Tber was no tmiulation or inhibition of the control 

DNA degradation with DNi e I on addition of 0.02 y.g DNa.ee per ml to 

oolic:in treated D ~ . • Th resulta would 1.ndicate that r the 

conditions colioin E2 d rio doubl trand endonuclea aotivit7 and 

did not otivat DNaa I directly or in.directly by ren ring the DNA 

or susceptible to atte.ok. Int rcala.ting drug daunanycin and 

ethidium branide inhibit d the D imuced viscosity d ue ot' 

DNA ( ae Oh. 4 ) aft r tint 1ncrea ing th DNA ' tittn ' ( aring, 

1966 ) . 

The O ald vis 

dete 1.nation eince the 

ter ie not i al r D molecular ight 

ar gradient can aignificent for 

high molecular ·, 1ght pl B ( E-igner, 1968 ). H r the tag II 

D?IA tr hav an appro. lecular ight ot 107 ( Fig. 3 11) 

it it 1 a ... "' ........... t t 

ne 11.gible the uc d v1 coaity 

viacoaity. The apeoitic viaoo ity 

weight uaing th da 0£ rend 

8 x 10
6 

da.ltona ill obtained. 

(iv) 

atrand but not ingl.e atr endonucle 

Singl strand snip of tb DNA 11x 

xima.te to 

then e relat to the olecul.a.r 

value 

oxonuclea.ae end double 

activity tor liain E2• 

only det cted a1'ter IHl"l:Br'B. 

I I 

I 
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FIG. 3 ii Neutral and alkaline sucrose density-gradient profiles 

of( 14c) labelled DN/\ iucubated with colicin F,2 and 

nNase in vitro. 

25,µg ( 14c)-DNA from F,.coli was incubated with colicin J<'.2 -

( 50µg) and ONase I o-o ( 1ng) at 37° for 30 and 5 min respectively. 

( DNA control 0-0 ) Samples were centrifuged on 5-20% (w/v) 

neutral and alkaliue sucrose deusity-~radients in a SW50 rotor for 

90 min at 40,000g. SeJimentation values were determined from FJG.5ii. 
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of the DNA. trand by alkaline d natur tion. H nee chang in 

DNA molecul ight is t ot d on an alkaline but not 

ucrose density gradient ( Studier, 1965 ). 

The sedimentation profiles of stage II DNA after incub tion 

with oolioin E2 for 30 in or DNas I for 5 m1n on neutral and 

alkaline ucro e denaity-~ dienta are a 1n Fig. 3 11. There 

no 1gnificant change in sediment tion coetf'icient of oolicin t ted 

DNA canpared with the control on both typea of ent ( 25S neutral., 

28S alkaline correaponding to a dupl x molecul igJit of 107 ). 

( l.l+.c ) 1 b 11 DNA wa us d owing to th pontan ppeanm ot 

aingl strand l ions in high si;eoific otivity ( .\r ) lab lled DNA 

after pprox. ono w otor ( Thom and Ab lson, 1966; and omi 

ob ervations ). DNa e I treat d DNA howev r bowed a greater r duction 

in sedimentation valu on the alkalin gradient than on the neutral 

gr dient consi tent with its known mode of action of snipping single 

trand.s of DNA be.fore double trand bnakag , i . e . doubl hit meohani 

aa oppo d to single hit mechani ~ e II and • coli endonucle I 

( Studi r 1965; Young and Sinsheimor, 1965; MeJ.g d Goldthwait, 1968 ) . 

It w therefore concluded fran thi section t t colicin E2 

exhibit d no exo- or endomicleol.ytio aotivitie in vitro. However it 

wa shown that und r cert.a.in oonditiona colicin E2 enhanced the rat 

ot DN attack on DNA augg ting a more subtle indirect action in vitro 

than th direot nucle action initially propo d for um, tigation. 

I 
I 
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FlG. 3 iii F,fft:ct of colic.in F'.2 on the thermal de11aturation of DNA 
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( a } Melting profiles of sLap;e TI E.coli DNA ( 50}lg/ml) in SSC/10 

after treatment with concentrations of colicin E2 indicated. 

(b) Derivative curves of the melting profiles in (a). The 

numbers co1Tespond to the colicin coucentra t ion iu µg/ml. 

(a) 

colicin E2 
concn(µg/ml) 

f 
120 

control E.coli DNA ( 50 }Jg/ml) 
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Temperature 

0 
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Al though colicin E
2 

a ah to have no nuoleaae ctiv.ity. 

it posaibl that it att et d the 3-dimensiauu atruotu ot D 

This po sibility w. tudi d by inv atig ting the ff; et of col1cin 

E2 o (i) the th nnal tability, .(ii) the ORD spectrum end (111) the 

buoyant d naity ot DNA. . 

(1) thennal tabUity o'f DNA 

De ili atiqn ot D oan det cted by a lowering o'f 

the melting t ~ratu.re ( ) or a change in shape of the melting 

profil on the.rme.l. dena.turation. T elope ot the profil ( 0"
2
;

3 
) 

can alao be u aa an indication of DNA olecular inhanogeneity d 

D •prot in int raction, ( Doty et al ., 19591 Ma.rmur end Doty, 1962; 

14al:ia.el and · ur, 1968 ) . 

The f~ ot on DNA melting fil and their derivati~ 

ou.rvea at adding incr ing ounta of oolioin E
2

_ to • II DNA :ui 

ssc/10 is aharn in Fig. :, iii. The melting t perature and shape ot 

. the profile 11er una.trect by colioin E2 t concentrations of 1 s 

than 30 .J.JB,Anl. Howe at :,0 . d 40 pg colicin E
2 

per ml the melting 

0 prot'il ba.ae line sho a p ture 1no at .50 • At 60 end 8CJ pg 

oolioin per ml the profU ahape 1'i . aigniticantl.y altered w1 th -the 

o-213 value increasing by pproz. 4 t:im ( Fig. 3 v ). It wa. al 

pp.a.rent that the protile w: c po ed Of two m l ting curve a which 

more clsarly defined :ui ig. :, iii(b). One corresponded to the 

0 ' 
control va.lu of pprox. 6.5 while th other indicated the pre 

lting 0 pera.ture of about 49. of DNA with a 

t oolioin c tration to 120 J,l8lful t Oi;
3 

val 

( Fig. 3 V ) and t protil ;it:. Tho DNA ncm 

I 

I: 

I 

I 

I I 
I I I I 
i : I I 



0 / 0 DNA lo~~,red. in Tm 

( from melting curves) 

100 

80 

60 

40 

20 

0 20 40 60 80 100 120 J.J9 

colicin E2 /<soµg DNA) 

FIG. 3 iv Biphasic analysis of melti1,p; profiles of colicin F.2 

t r e a t.ed DNA' 

Tile percentage DNA lowered ir, melting temperature was derived 

from the hyperchromic effects of the melting curves in FTG. 3 iii 

aud is ···plotted against the colic in E2 concentration. 
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These resu1 t ( Fig. 3 iii ) resemble tho e obtained 

on binding hiatoni, ( Shih and Bonner, 1970.A ) or clupein ( Inoue 

and Ando, 1966 ) to DNA except that oolicin E
2 

lowered the melting 

temperature whereaa histone end clupeine rais d its value. am
creatio ribonu.cleaae has been denonatrated to destabilise DNA but 

only below 60°, e.bov 60° the denatured ribonu.cleaae atabili DNA 

( Felsenfeld et al., 1963 ). 

If the emount of de tabilised DNA was eJ!Pre& ed a a per

centage of the total DNA uaing the hyperchromioi ty of the melting 

profiles, it w found that the percentag destabilisation increa d 

linearly with cmcentration of colic:1.n E2 above a thre hold concen

tration of apprcz. 30 µg/ml ( Fig. 3 iv ). Since the DNA olecular 

w 1.ght was approx. 107, the molecular ratio of colic in to DNA at the 

threshold concentration wu approx. 100 and at 10<$ deatabiliaat1Dn 

was approx. 400 .. It would appear that colioin E2 bound to DNA under 

t above xperim ntal conditicma with the result that DNA waa le s 

stable to themal denaturation. 

T e1ting p;-otlles al.so C8.IT1ed wt 1n 10 _ pho pha.te 

butter pH 7. O ( stock oolicin buff ) and imllar result were 

obtained ( T ble 3 ill ). Colicin E2 w tur by xtenai 

dialyaia ( Ren , 1963; end own ob ) ao this eco:nd method 

we.a often pret • The action of colioin E2 on the DNA m l ting 

profile wa al o una.:f'f ot d by 10 _ pho phate buffer pH 8. O which 

would sugg at that the pH effect on DNaae activation by colicin 2 
( Table 3 ii ) w due to th enayme and not the oollo1n:DNA inter-

action. 

ooliain E2 in phoapha t butt in t absence ot 

D.l ,ro1:iuc*1 turbidi a ap x.. 70° waa due aggre tion ot 

denatur d protein. protein aggregation occurred ver 1n the 

on ath:Jg to temperatures as high aa 100°. This 

I I 
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values of Effect of colicins E2 and E3 on the 

DNA _melting profiles. 

· t 1 between 17 and The er, value or tlae temperature in crva 
2/3 . r · 1 s described iu 

8
- 3~

0
• h · ·ity was derived from melting pro i es a , hyperc romic . ~ . 

3 
· · · dis 

11
10 tt~d against the colic in/ DNA molar ratio FJG. 1.11. an - . 7 

· 6.104 and 10 respectively. assuming molel:ular weigl1ts oi 
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ob ervation indicated a pt"otection of colic:in E2 by DNA against 

themal denaturat1on and aggregation. Similar results were obtained 

with c}zymotrypsinogen by Bobb ( 1966 ) • 

These result ll'e reproducible using different colicin 

E2 preparation , al though ther were light variations in the quantity 

of colioin requir ~ to deatabiliz 50 of the e DNA preparation, 

i • • 70 .±. 7 _µg protein per ml. The r sulta re not however quite so 

reproduoibl using diffel'ent E. ooli ROW WA preperatiaru, ainc the 

0 0 de in ~ by colioin E
2 

vari d frail 5 to 15 and the biphaeio 

nature of the prot'il _ anetim a bee e le cli.stinet. The change in 

6"2;
3 

values was re sonably constant, i.e. at 60 ug colicin E2 per ml, 

6"2;:, varied fi'om 23. 2 to 18. 1 tor the colioin preparation. The 

reason tar thia variabili-cy- not due to chang in molecular w 1.ght 

7 6 of th DNA ainc all preparations w 10 ,;t 2 x 10 dal tons and ltl8JrnIUr 

and Doty ( 1962 ) have shown that t ~ of calf thymus DNA a 

ind pendent of its mol cular weight within t~ rang 6 x 105 to 

8 x 10
6 

dill.tons. Bel this rang Crothers et al., ( 1965 ) ha: 

found decreas in ~ and inor in pr,:,tile lope. However phenol 

( 0.1 - 1.0 ) ·-
elting t 

for DNA alo w 

found to greatly' enhan the lc,,rering of the DNA 

. colioin E2 although th ~ and 0-2; 3 val • 

not tected ( Tabl 3 iii). fhenol also did not 

e.£1: ot the aggr gation temperature of ooliDin E2 without DNA or the 

~/:, value tor t.h colioin E2-DNA canplex. In the pr aenc at :phenol 

t concentration greater than 10 _ oontinuou DNA lting 

observed fro 40° to 80° in the control. EmA ( 5 _ ) reduced tht 

int action be n coliom E2 and DNA ainoe nei~er 6213 or Tm w 

al t igniticantly in t presence ot oolio in ( Table 3 iii ) • 
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Calf tl\ymu 

" 
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ena1 dialyaia of DNA against ssc/10 redu the 

deore e 1n melting t p rature with colicin E
2 

to approx. 5°. 
It would therefore epp,ar t t for th, maximum effect 0£ oolicin 

2 

on DNA st bility trac amounts of phenol mu t bo pr- ent. As phenol 

was present in the in vitro ay tem it is questionebl wh tmr au 

sul ts occur in vivo. It may reflect an as oaiation of oolicin E2 
with DNA only in lzyd.rophobio regions of the cell, i . e. the m brane. 

Non-physiological aubstancea uch as methanol ani etharx>l have b n 

widely used for in atigp.ting in vitro protein synthesis ( J.!1nro and 

Maroker, 1967) and Na.gai t 1., ( 1969) have found that the pepti 

antibiotic bleomycin ( Takit et al., 1968 ) unlike clos ly related 

phleanycin lowered the melting temperature of DNA only 1£ the DNA wu 

pretreated with 1 ~ mercaptoethanol or dithiothreitol. Hovrever 

under the conditions u d in the o~lioin E2 xperiments, mercapto-

ethanol ( 1-10 _ ) was observed to increas o-213 and deer Tm 

slightl.}r for control DNA. see Bode ( 1967 ). 

T e~eot ot oolioin E2 on~ wa a~io aino a rrumber 

of other proteins including bovine erum albumin• oolicin E.3 and 

hydrOY;,Ylap tite fractions A, II IV ( Fig. 1 iv ) incre ed the T 

value of E. ooll DNA ( Table 3 iii ). In dditi thermal denaturation, 

tryp in dige tion and 

t'feots. 

inacti ti an of colioin E2 abolished all 

he int r ctian of colicin 2 with DNA' fr E. coli 

R /E, E. ooli col+ 2-F9 and calf teymua ( Sigma ) w a o tudied 

t DNA the 

colioii'l r si tant or in.mn.u1e strain ot E. coli and the naitive atra:1n 

E. coli ROW ( Table 3 iii ) • It ia thereft>re unlikely th1 t the 

peoti'ioi ty of' colicin E2 ot ion re ul ta trom ifio binding ait a 

on t bacterial DNA. Calf teymu DNA t 1 h 

I I 

I! 
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colioin 2 lesa efficiently than E, ooli The 1 erlng of the 

lting perature ~ nhan d by 5 _ ++ and by phonol but the 

6
213 

n ot wa amall under all oonditiona ( Tabl 3 iii ). Tm 1 • 

resporusi ve effect of calf thymus DNA q have b n due to a di.ff 

method of extraotion end purification or mq refleot 8Ql?lO speoit'icity 

for the source ot 

The percentage hyperchranicity of E.- coll DNA on thelmal 

denaturation waa una!'feot d by the presence of oolicin E2 an:l phenol 

but low ( 25- ) in compari n with that ob :rved for ca.l£ t1\vmU 

ur, 1968 ). Thi ould ~gea·t that 

• ooli DNA xtraoted and purified by the procedure de•cribed in 

thod ) aa light]Jr d.eratu.red and may xplain whJ" oolioin E
2 

interacted mo tt otiwly with E. coli DNA. A 5% initial lzyper

chranio tteot w: noted on simply mixing colicin 2 with DNA ( • 

aul t .3(a) ii ) . 

R naturation of he t denatured DNA by lowly cooling th 

heated sample was slightly inhibited by oolioin E2'' The decrease in 

hyperchranici ty we.a reduced from 4D% of the total tf et in the control 

to pprox. 25% in th DNA aemple treated with 80 µg colicin E2 per ml. 

(ii) Ett et of oolicin E2-.F9 on the ORD peotl"Ul:l of DNA 

· - Although oolicin E2 a.ftect DNA themal tability, 

lting profiles did not pr d infonnation on poeeibl changea in 

DNA atruoture at ro tun b quent tudie with ORD 

w design to inveatig t th1 po .. ibility. 

ORD aaw:wa 

with wavel th and a 

ohang in optical rot tion of a l cul 

n frecp ntly us tar d t mi 

in nuol 1o aoid 

1968 J Yang and 

pro in aecsona.az<:13 A't:n11t!tli"rA , ( Adl and 

jima., 1969; Gratz , 1969 ). 

tured or al th 

It 

• 
' 

I 
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. I 

I 

I I 

'I 
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ORT> spectra of DNA c1nd colicin E2 

320 nm 

A. 10mm light path was used and the DNA and colicin 

conce,.trations were 50 and 70ug/ml respectively in SSC/10. 

it hould tected by th m thcd. 

ex.mn d t ORD ot ribo ans t'rom 

G~ tz ( 1966 ) 

coli, and conoludad fran t ir 

find.mg t t th spectrum could be repr ent d awn af th 

constituent protein and RNA ORD 81:')0tra, 1. • i.!Jol ted ribo,oY.a-. RNA 

econdary structur as RNA. 1n the ribosom • The 

oppo ite tre and inoco, 

196.5 ) • Thi was probably due to a. p clting tt et on th DNA 

inside the virua protein coat. Ori 1 ( 1966 ) found that histone 

protein in high salt ( 1 ! NaCl ) had the same helical content 

( approx. 20%) u in the nuoleohiato:ne complex d Tuan and Bonner 

( 1969 ) found t t th DNA in th complex was denatured to 

xt nt, probably supercoiled. Interactions af DNA with l!ID1&ll mole• 

ou1 such as aoridine ( Blake and F aoock, 1966 ), steroidal 

~inea { Mahler et a1., 1968) d etalions ( Cheng, 1965) have 

all be n d t et d using ORD. Steroidal diamine w 1nt re ting in 

that low cone nt t1ons in th 290 l'El DNA peak w reaa high 

concentrations deor sed the peak. Thia was consistent with the 

inor and ub quent decrease ot DNA ~ values ( er t al., 

1966 ) • In con~t Hg++ ions canpletely inverted the whole ORD 

a ctrum of DNA ( Cheng, 1965 )., 

T ORD . • coli R and of 

colicin 2 ar hotm in ig • .3 vi 

an trough at 287 and 255 nn for ne.ti D ( pecitic rot tiona 

equal to .+ 21.50 and - 2250 re pectively) and a tl'91,lgh at 232 for 

colioin protein ( • ifio rotation qual to - 4060, Ch. l ) . 

he ci1'1o rotation ( o< \ , · 1 ri f'7:o t ob erved rotation, 

o<. using t t"ozmul • 
. ' 

(o<) = o< 
'>- l.c ( degrees. an2/decagram) 

ej , ( 19 9) 
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1 is the light path in decimet ra and c is the concen

tration of material in g,4u.. 

The effect ot mixing colioin E2 with DNA in ssc/10 on 

the canbined ORD spectra is also shown in Fig. 3 vi and compa.rieon 

of thi with the addition spectrum of oolioin and DNA indicated a 

decreas in the 232 m protein and. 255 nn DNA troughs. The DNA p 

r lightly increased but there was no significant 

spectral shift consistent with denaturation of the rw.cleio acid. 

The result auggeated that th protein molecule lost of it 

helicity; ( m' )>i cal.culation indicated that the colicin helical 

content deer sed :rrom 16. ~ to 5. 1 and the changes in ma.gm.tu 

I 

I r 

I 
I 

i' 

11 

of the miol 1c c1d pea.lea would b conaiatent with thi • Phenol j j 

( 0. 1 _ ) did not ignifioantly a:fti ot th peotra except to increase j / j 

the nois level due to th wider slit width needed. Similar reaulta 

were obtained with calf t}vmu DNA but it 1 impossible at present to 

stat that th obse d effect was entirely due to a deore s in 

helioal cont nt ot colicin E2• This appe.r nt ch.ang in h licity 

could be explained by colicin E2 binding to DNA end consequ ntly 

al taring its ionic environment due to the close proximity of the DNA 

phosphate groups ( Tuan and Bonner,. 1969 ) • This phenomenon could 

also expl in the .5-lOf hyperchromic ff et on mixing colicin E2 w.1 th 

DNA at roan temperature since the total hyperchranic t'teot on th&rmal 

denatura.tion ot th DNA was una:t'f oted by colicin and this would not be 

JQ?eot it 1 t w DNA t t oau the initial h;yperchranioi ty. 

Ther tar ap ctroaoopio ~sie and ORD sugg t that it wa.e colicin 

that changed in condar., 1tructure on interacting with DNA aid not 

DNA it lf. 

I 

I I 

i I 

I, 
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C NN dN ML 

CsCl 

density 1·710 1·725 ·731 g/cm3 

Densitometer Tracings (cell magnifn. 10·25) 

FIG. 3 vii CsCl isopycnic centrifugation of E.coli Dl\'A after 

incubation with colicin E2 in vitro. 

(a) contained stage II native E.coli DNA. incubated with colicin 

E2 and M.lysodiekticus DNA as marher (ML). 

(b) contained control native (NN) and heat denatured (dN) 

E.coli DNA together with ML marker. C is the point of isoconcentration 

a1H.I m is the meniscus. 

Ccutrifugation was in a .Spir.co model E ultracentrifuge for 

20h···at 44 ,OOO rcv/min. lN photographs were taLcn ,,hen equilibrium 

was attained. 
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20 
Fraction No. 

T4 phage · 

30 40 

cs
2
so

4 
isopycnic ceutrifugatiou of E.coli DNA after incubation 

with colicin E2 in vit ro. 

( 3
11) labelled E.coli DNA was treated wi th colicin E2A·----A 

t · 1 · . . ( 14 ) l b 11 . t a1,d c·cntri1up;ed o equi 1.brium with C a c ed ieat 

denatured E.coli DNA in cs
2
so

4 
at 32,000 rev/min in a Ti-50 

rotor in a Spinco model L2-HV ultracentrifup;e for 70 h. 

The abbreviations arc the same as in FIG. 3 vii • 
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( iii) Ett et of oolicin E2-F9 on DNA buoyant nsity 

The buoyant denait;.v of a DNA molecule is dependent not 

on molecular weight but on base composition, particularly in CsCl 

( Wldel et al. , 1968 ) , am in certain oircum.ste.noes on secondary 

structure. I>fmaturation of DNA by heat or alkali and UV irradiation 

ot DNA cauae charaoteristio inm'e es in buoyant denai ty ( Szybalski, 

1968 ) . CsCl and C 2so
4 

distinguish between the e two types of 

al ~r tion in aeoondary structure. In CsCl the buoyant derusifiY 

increase for UV damaged DNA is greater than :for heat denatured DNA, 

whereaa in C z:,04 the oppo ite is tru , ( Opara•Kubinska et al., 1963 ) . 

Isopycnic centritugation has alao be n used for investigation of 

protein- DNA interactions, ( • g. phage; Weigle et al. , 19.59 ) • 

The tfect of incubation of DNA w1 th oolioin E2 on DNA 

buoyant dellsity in CsCl and ca2so4 is shown in Fig • 3 vii and viii. 

In both caesium salt the DNA deneity was completely una.t"feoted by 

oolicin pretreatment. Owing to the small r density incre e in C Cl 

on heat denaturation of DNA, the centrifugation wae per:foimed in an 

analytical ul tracentr:1£uge and UV photographs taken during the run. 

This gave better resolution than th mor convenient method of using 

Ti-50 rotor. T4 DNA and T4 phage were included ( Fig. 3 viii ) to 

demonstrate the effect of protein binding to DNA on buoyant dena1-cy . 

The T4 D~ had a greater density than E, coli in ca2oo4 owing to the 

contribution of gluooql groupa. In CaCl E. coli DNA had a grea er 

density than T4 DNA. 

There was no evidence fran the results that oolioin E
2 

damag DNA or bound to DNA uttioiently to cause a change in 

buoyant density. This latter result however was expected owing to 

during centrifugation and to t ht 

fact that CaCl haa b n used for dissociating ribo anal protein.a f'ran 

riboaanal eubunita ( Stach lin am Meaelson, 1966 ). 

1 , 
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isopycnic centrifugatiou of E.coli DNA after incubation 

\>'ith colicin F,2 in vit r o . 

( 3 11) labelled T·:.coli DNA was treated with colicin E2 t:.·----t:. 

ai,d c·entri1ugeJ to equilibrium with (
14

c) labelled heat 

denatured E.coli DNA in cs
2
so

4 
at 32,000 rev/min in a Ti-50 

rotor in a Spinco model L2-HV ultracentrifuge for 70 h. 

The abbreviations arc the same as in FIG, 3 vii • 
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(iii) Ettect of colioin E2-F9 on DNA buoyant &maity 

The buoyant density of DNA olecule i dependent not 

on molecular weight but on base composition, particularly in CsCl 

( Mandel t al . , 1968 ) , ani in c rtain circum.stano a on secondary 

struotur • Denaturation of DNA by heat or alkali and nv irradiation 

of DNA oau a 1n buoyant density ( Szybalald, 

1968 ). CaCl ani ca2so4 distinguish between the e two types of 

al ~ration in aeoondary atructure. In CsCl the buoyant derusi'tu' 

increase for UV damaged DNA ia greater than for heat denatured DNA, 

where 1n Cai304 the opposite is tru , ( Opara-Kubinaka et al.• 1963 ). 

Iaopycnic centrifugation ha also been used for investigation or 

protein-DNA interactions, ( . g. phage; Weigle et al., 19.59 ). 

The effect of inal.lbation of DNA with oolioin E2 on DNA 

buoyant density in CsCl and. Ca2so4 ia ho-wn in Figs. 3 vii and viii. 

In both caesium alts the DNA density w: completely unaffected by 

oolioin pretreatment. Owing to the snaller density incre e in CaCl 

on heat denaturation of DNA, the centrifugation was pertomed in an 

analytical ul traoentr:li'uge and UV photographs taken during the run. 

This gave bett r re olution than th mor convenient method of u ing 

Ti-50 rotor. T4 DNA and T4 phage were included ( ig. 3 viii ) to 

demonstrate the ef'feot of protein bin:UJ~ to DNA on buoyant denai "iv'. 

The T4 ~NA had great r density than E.coli in C 2so4 owing to the 

contribution of gluool\Yl group , In CaCl E. coli DNA. had a greater 

density than T4 DNA. 

Th re no evideno fran the re lta that oolioin E2 

damaged DNA or bound to DNA aut'tioi ntly to cause a change in 

buoyant density. This latter result however was xpeoted owing to 

l.y high ionio oonditi during centrifugation 811d tot 

fact that CaCl b n used for dissociating riboaanal prot ins :f'ran 

riboaanal subunits ( Stach lin am · aelson, 1966 ). 
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100 

50 

0 

Pere en t. total 
.radioactivity retained 

by filter 

r..-----+-,-- RNA polymerase 
(60,000 cts/min) 

FIG. 3 ix 

colicin E2 
(1&,000 cts/min) 

100 pg protein/ 50}-19 DNA 

Protein:DNA complex retention by nitrocellulose filters. 

( 3 H) labelled F..coli ONA was incubated with colicin F.2 or 

RNA polymerase ior 5-10 min; the mixtures were passed through 

nitrocellulose Millipore filters anJ washed with bu f fer. 

The percentage radioactivity retained by t~e filters is plotted 

against the amount of protein per 50ug DNA to fa<:ilitate 

com'parison. with FIG. 3 iii • 
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(o) DNA binding activity 

The binding of colicin to E. colt DNA has alr ac\Y b 

inf rred fran its effects on DNaao activity, DNA themal denatur tion 

eni ORD. A more direct m thod far inv tigating DNA-p:n> in binding 

baa been u d by Jone and Berg ( 1966 ). Thia relies on the faot 

that Millipcr membrane fil tora leotiveq retain DNA-prot in 

ccmpl xe whilst allowing DNA 8Z1d protein to paa thrwgh. Thia 

method he.a been used with considerable auooes with RNA. polymerase 

( Jones and Berg, 1966) lactose repres or ( Riggs t al. , 1968) em 

re triotion ndoru.clea.a ( Yuan and M el on, 1970 ). In addition 

amino- aoyl tRNA binding to ribosomes has been followed uaing this method. 

( Yallll8 and rg, 1967 ) • A s~nd ampler method ~vol ved centri-

fugation of the "ccmplex" under conditions o£ low ionic strength 

( Felaenf 1d et l . , 1963 ) on e. sucrose density gradient and aesaying 

the fractions for specific protein activity in the region of the DNA 

band. 

( i) Effect ot aolicm E2•F9 on retention o ( '1-t ) labelled DNA by 

membrane tilt rs 

The incubation conditions of oolioin E2 and DNA were tho e 

ua d fctr investigating themal d naturation ot DNA eo that colicin•DNA 

mol cul.ar binding ratioa could be oanpired directly. RNA pol3me 

was chosen as a convenient atandard and the incubation oonditiona were 

tho - cri d by Joma end B rg ( 1966 ) , al though the al rnative 

colicin tandard phoapha butter did not aignif'ioantly a:tt ot it DNA 

binding deapit the absence of ++ am ~ercapto thanol. Under th, 

filter washing co:nditi 2•5% total DNA radioactivity 

reta.ine in th abaeno of prot 1n by the filter using either butters. 

The emount of DNA-prot in complex retained by the filter waa 

progrea 1 1¥ r'edllCeld if atter incubation, the pl x waa all d 



1, 100 

50 

' 

0 

Percent . maxirt?3um . 
-radioactivity ( H-DNA/prote1n) 

retained by filter 

0·1 

F'IG. 3 x 

RNA polymerase 

0·2 0·3 0·4 0·5 M 

NaCl concn. 

Effect of NaCl on DNA:protein complex retention by 

nitrocellulose filters. 

(
3

H) labelled DNA and protein were incubated together 

uuaer optimum binding conditions as described in FIG, 3 ix 

and uiluted with buffer containing Nar-1 at the concentrations 
·,..·,. 

indil:ated. The mixture was filtered aud washed with buffered 

saline. The rauioactivity retained by the filter is expressed 

as a percentage of the maximum retention ohtained for each 

protein in FIG. 3 ix. 
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to remain or o than 10-15 in 1n the cold dilut butter, 

Thi• limit d the rrumber of incubations that could be perfamed at 

aey one t owing to the nee arily slOW' rate of filtration arid 

waehing. The effeote of oolioin E2 and RNA. polymer e on the 

retention of ( 3
H ) labelled DNA .w hown in Fig, 3 ix. RNA poly• 

mere.a had much higher affinity :fbr DNA under the conditions ua 

and at a oonc ntration ot :,0 ~ caumed 100% retention of th DNA. 

The maximum ret ntion of DNA in the presence ot colioin E
2 

was 30% 

at a concentration of 60 ~. Th.ii, oorre ponded to ~ colioin 

concentrat ion in Fig. 3 v that produced the maxim ~
213 

value with 

imilar amount of DNA. The ionio tability the protein•DNA 

canplex w dete.nnined by diluting the tandard incubation mature 

after formation of the canplex with in~ sing cone ntrationa of NaCl 

in t appropriate butt a. This buftl red aaline w a.l.ao uaed in 

the wa.ahing procedure. T re u1 ta shown in Fig. 3 x. The 

colioin-DNA oompl x wa far mor labil to increasing ionic strength 

than t.he RNA pol,ym raa • DNA canplex. Between 10 and 20 

colicin ate.rted to dieeooiate fran DNA and at 50 NaCl 50% of th -
oanpl x had di ooi ted. 1 t lability ot the colic in 

canplex would argue again t 8.llY sp oific DNA interaction a.m al o any 

direct in vivo colioin otion on the b cterial ohrcmoaan under i n tra-

cellular ionic conditions. However thia m thod only m aeuree the 

err et ot salt on brane filter retention and it is saum d that a 

d er in retention is quivalent to complex dieaooiation. It 

could be that th colicin-DNA complex pas s through the mmibra.ne 

filter in high ionio strength buffers without nece sarlly di aooiAting. 

In support of direct in vivo colic::1.n action on DNA it oould b argued 

that oolicin onl,y interacts with DNA t the chrcmosanal-membrane 

attacbnent point under oanparative l\Ydrophobic oonditiona. 
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Sucrose density-gradient centrifugation of colicin F.2 

treated ONA under condi tior1s of 101. iouic strength. 

3 
( H) labelled DNA from r.,coli was incubated with colicin . E2 

in lmM plwsphate- lOmM NaCl pH 7 .1 and centrifuged through a 5-20% 

(w/v) sucrose gradieut(made up in the same Luffer) for 90min at 

40,000 rev/min in a SW50 rotor. The tube conteuts were fractionated 

and the fractions tested for growth inhibitory activity as shown 

in PLATE 1 iv and tile cold-acid precipitable radioactivity determi ned . 
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nol ( 1.0-0.l _ ) did not aft ot t r oolicin or 

RNA po raa binding to DNA. The background retention of na t1 

DNA alone was unaff cted by prior filtration of colioin E2 or RNA 

• 

a not 

The meohaniam of ret ntion or the A•prot in canple 

to formation of large moleowo.r aggregat ein centri-

f'ugation of th., oompl on crose gradient produced no drama.tic 

inc e in DNA dimontati value ( e Resul .3 (c)ii aIX1. Jones 

and rg, 1966 ) • 

T mol cular binding tioa o-f' RNA polymeras and oolioin 

E2 at 30 and 60 ).18/ml. to DNA ( 10 7 dalton ) t 50 _µg/ml w 

calculated to b 1.5 and 200 aa · ~ the molecular ight of 

pol.3me to be ppro.x. 5 x 105 ( Travers am Burgess,. 1969 ) and ita 

purity to be l I at 2000 unit per mg ( Chamberlin end B rg, 1962 ). 

be colio:l.n ... DNA. olar ratio w t reto oon:nst i with th r sult 

ob in in arlar tiona. 

( 11) Aasooiation of colioin Et•F9 activity with D 

ps1t:y•grad1ent centriniB tion 

The ability or colioin E2 to bind to DNA was al o t ted 

dir ctly by an pt tion of th method ot el en:feld t Al., ( 1963 ). 

This method roll on the 1 olation of DNA aft r incubation with 

colicin by auoros denaity-gradient centrit\l.gation in a lClW ionio 

atrengt~ butter. The gradien fractions re at d for oolicin 

activity and it DNA binding had occurred the e.ativi ty profile oo •· 

pon d to tbs DNA protil • 

ivity and l1cin 
2 biolo ioal ivity 

protil gradient centrit\Jg tion a.re ah 

3 n. Owing to t inaccuracy of bio no ole 

1n ig. 

r binding 

ratios 

waa aaaocia 

culat , t it 

with DNA p 

trated t t olicin C ivity 

thua contirmi.ng the o rvationa o 



TABLE 3 iv 

DNA. d!P ndent RNA poJ,.ymer e activity 

. pn61 GMP inaorp, 2§ m?9£P• 

canplete system 1. 5 pg DNA 

2. 50 J1& DNA 

Additions to vstem 1. 

~nz . 

- DNA 

+ACTD( 2. 5 J1& ) 

+colicin E2 ( 5 pg ) 

+colicin E2 ( 10 )l8 ) 

+heat d.enat. colioin E2 

+l JlllOl pho phat (pH 8) 

The ccmplet s:, t ( total vol 

2. 2 ( 1021 cts.,in1n) .100 

4.4 

- 0 

... 1 

... l 

1.7 78 

1.6 74 

2.2 101 

1.2 57 

o. 25 ml ) is deaoribed in 

M thods 3. DNA sempl 8 w 1ncub ted with lio1n 37° ~ r 10 

m1n prior to ddition of RNA. po}Jmerase. All a say inrubationa 

··- for 30 min and the ainount of ( 14c )-GMP incorporated into the 

cold-acid precipitabl traction determined. The figure• quot 

averag a of 2 duplicate determinations and th variation wa not 

re than+ -

DNA-oolicin in vitro binding. The in vivo aotivi ey ot colicin, 

as determined by aurv:lval OUt"VeB tor E. ooli R~I and DNA degra&.tion, 

was oanpletely unimpaired by preincubation with DNA, but this W8.8 

partially e,p ected owing to the ionic oondi tions of the culture dium. 

A similar dif:f'uae colioin activity protUe wu obtained after aicrose 

gradient oentritu.gation with heat den tured DNA but the relative 

at:finities of oolioin for native and denatured DNA w e not det mined 

owing to the high degre of variability end lack: of preci-1.on 1n the 

exp rimenta. 

(d) :teot of colicin E2-F9 on in vitro macromolecular synthesis 

Colicin E2 was tound to ba~ inhibitor., -£fa cts on the 

synthesia of DNA, RNA and protein in vivo at high colic.in molecule 

to cell r tios ( Ch. 2 and Nanura, 1963 ). a finel in atigation 

into the in vitro activity o'f oolioin E2 it was decid to investigate 

the effects of colicin E2 on RN.A and protein syntheaia in vitl'O. 

(i) In vitro RNA synth · i 

T biming of oolioin E2 to DNA deaaribed in Reaul t 

3 ( o)i would augg at an inhibition of RNA pol.3mera activity by 

colic in E2 owing to comp ti tion for DNA bin:ii.ng Bi • Shih d 

nner ( 1970._ an:1 !?_ ) h :v shown however that histonea end pol.Q

e.minea . inhibit DNA t plate acti 'Yi ty ot RNA pol.jimerue not by 

pre ntion of naymo binding but by inhibition of helix uncoiling. 

Therefore it could al be argued fro the DNA themal denaturation 

data ( Re lta 3 (b)i ) that colioin E2 would enhenoe DNA t plat 

activity. In order to r · lve this inconaiatency DNA wu pretre t 

with oolicin -E2 and 1.na.tb ted with RNA pol.J'mer end nuoleoside 

triphoapbates. The amowit or synthesis waa te 1ned by t 

inoorpo tion ot ( 14c ) GMP into cold-acid precipit ble aterial 

( Table 3 iv ), 5 J18 of stag II E1 Coli DNA was uaod in t!1lt t at 

11 

11 
I 



T;A¥ 3 T 

Poly U directed Pol,Y-phe a;ynth sis 

Additions 

None 

nmols c14c) fhe % incorp. 

- poly u 

- cell sap 

+ oolicin E2 ( 10 µg) 

+ oolioin E
3 

( 10 µg) 

+ OAP (25 µg) 

0. 12 (22,210 cta,Anin) 100 

5 

2 

0. 12 

0.11 

0. 04-

97 

92 

37 

The canplete system ( total volum 0. 25 ml) ia 

de orib d in etho J . The cell a p ribosome were incuba d 

with colicin E2 at 37° 10 min prior to addition of ( Un )-
phenyl lanine~ All usay. incubations w tor 1.5 min and th 

( llt.c )-phenylalanine incorporated into the hot- acid preci-
./ 

pi table :fraction d tennined. Preincu tion ot th cell 

0 
t 37 for 10 min 1n the control had no eN'ect. 
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thia result in p roximately ha1 max:lmun rate 

ot RNA ayn i tor the gi conoent tion of enzym ani this 

mo t nsitive to any change in t plate otivity ( aee Waring, 1964 ). 

Under oondition of xoea t p te ( .50 pg DNA ) the maxjmum activity 

rat ot RNA polym r . e 4..1+ nnol GMP 1ncorpo ted into cold-acid 

c1pi table m terial in JO min. T 

w there:t' 2.500 unit per ( se 

ifio otivity ot the nz,me 

thods ' ) . 

Duplication of phosphate buft r ccnditio used in themal 

denatur tion and binling tudi • 

tion ot pho p te on tJl as 

prohibited aw to the inhibitory 

ayat ( T ble 3 iv ). 

Colicin E2 , at protein-DNA molar ratio ot approx. 1.50 and 

300, reduo the incorporation by about 25 Thi tt et reduc 

and subject to wide variation if thee and a:>licin w 

the DNA template at e tmi • This would indicat that colioin 

E2 partially blocked RNA pol,ymeras ac t ivity in vitro but this tteot 

was not consistent with the ore et't'ecti inhibition of RNA synthesis 

ob erv in vo. 

(ii) In vitro protein ,nthesis 

T poly u (UJ. :-ec·tea po 

ntially the e 

( 1967. ). 

otivity 

10 am -
w n 15 and 20 -

polyphen;ylalanine ,ntheai• t 16 

racter 

ynth ai 

~onisli;,y d r ura 

d by having maxim 

littl ot1vi y b l 

++ ia ah in Table 3 v, an 

it conclu t neit r oolioin prodooed •ign1ti inhibition 

to ccount tor ita in Yivo tt te. not that 

onJ,y p ially tteoti as an inhibit ot thia 

poly u 11,}'B • 

I 

' 



DISCUSSION J 

Inveati.v)ltions into the 1n. yi tro aoti vi t.Y ot colioin 

E2-F9 may be divided into th that Pl"oduo negativ r aulta end 

tho that produced po iti resul.ts,. gativ r ults were 

obtained by imreetig ions into poaeible direct nuolea.a activity 

and direot interaction with 1n vitro cranoleculer yntheai ,. 

although a slight inhibition of RNA syntho 1e s detected. T 

interpr t tion of th rim ta would be that colioin E2 needed 

a ll enviro ent to inf'l n ole ;ynth aie and that 

t mod of otion of colicin E
2 

carmot be imply explained by h;ypo-

the ising a m br abl nuole e"' Tog ther with aul ta on 

magneaium ion depletion ( Ch. 4 ) . thi would r eliminate another 

hypothesis of DNA l.,i;;;c:u\...UJ~ out to olicin rru.ol in th peripl.asmio 

, ( ass ing tion of r c 11 bran by the 

0 lioin ). 

The po itive re ulte probably all dh'eot conaequenoea 

of colicin bindirlg to DNA in vitro, De pit the triot dependence on 

th ionic trength of the incubation butter, suge sting that binding 

uld not occur in vivo, the colioin:DNA o billding ratio ere 

r arkably oorud.a :i, tor ift rent xp t , 1. • DNaae 

aotiv, tion ( 250 ) , th tabllieati.on of DNA ( 100-400 ) and 

colioin DNA canplex r t ntion by illipor til t.e ( 100-400 ) . 

The rat1 oleouler ight of 10 7 may indicate that 

ther i licin olecule ry 105 dal ons, 1 •• every 200 

nuol otid pair • It ie int ating to cxmp thia 111 th r t 

ot dron ( 1968 ) that lcoal re iona of untwisting or 

dietcrtion every 5 x 105 daltons along native DNA strand.a. Sekine 

et • , ( 1969 ) have used thi to explain the binding r tioa of 

ribonuole A o DNA whi h w 8 liar to tho e O erved 

colicin E2• Hi ta I ha.a al.80 been own to bind to DNA at a 
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molar ratio of approJC. J+OO ( Shih d Bonner 1970.,!; ). Other n-
chllrao ri d protein-DNA int ra.ctio have b o se at lcnr: 

molar ratioaJ 15-30 tor RNA pol.ym ( Jone an:1 rg,. 1966 ) and 

70 for chymotrypainog n ( Bobb, 1966 ). ignificanc of 

int r otion of oolicin E2 1r1:~h D is qu,atio bl ainc all the other 

D •prot in comple ntioned ar consider bly or at ble with 

resp ot to incr ing ionic strength, 1. e . ore cifio. 

The lowering ot DNA lti t p rature ia difficult 'co 

explain ince the w no apparent condary tructur 

on binding oolioin as det cted by ORD, n 1n the senoe or phenol. 

It 1 r that colicin E2 how a greate affinity fo 

the denatured ratmr than th ti v truoture t D , al though 

w no direct convincing evidence of this. Ribonucl ( Fel nr 1d 

t al., 1963 ) am bl omycin ( 1969 ) the only 

prot ina tog ther with colioin E2 o tar ob-l"'v.d to lo r DNA l ting 

ture. Vari other rta v b n found to tabilu 

D au ( Ta 'o al., 1962 an 1964 ) ateroidal. 

diam.in a ( t a.l., 1968) and or drutio nta auoh ae 

ure ( J .. , 196 3 ) but protein 

atab1li ation or D1 ting po aibili~ with ge.rd to 

in vivo control ot t oription and replio tion. 

Colicin 2 it l.f ob 

natur tion on e o iating with DNA d tc 

DNA phoap te groups em this in- t 

explain the DN activation ettecta 

valuea n DNA elting ( acocke 8l1d ' 

n n,~ .. rgo a. tarm 

clo ae pr :1m.1 ty of the 

ionic enviro sit ot D 

1n 0"2/.'S 

r, 1962 ). 

I 

I' 
I 

I 

1 / 

I 

, [ 

I 
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T po itiv ft cta of col1oin E2 in vitro were not 

pur too vigouroualy a1't r di covering he etti et ot 

ionic strength on D -colioin compl x tability and th ni~ of 

the phe?JQl fteot on DNA melting in pre ence of oolioin. T 

dir et aotion of colicin E2 on DNA may unfortuna t ~ be an artet ot 

an not at all r to it vivo ction since it 

br netr tion and l other e"l' 

Introduoti n ) • 

a inner 

11 
I 

11

1 

I 



The etteot ot other chemioal nta on colicin E2-:F9 induced D 

degradation !a vivo 

INrRODUC7l'IOl 

A previous inve tigation ( Nanura, '196-' ) into th ett'eota 

ot other eh ical agent. on colio:m E2 ction in vivo ha.a ahown t 

the induced DNA degradation ia interferred with by inhibitors of energy 

metabolian auoh aa 2c4 dinitrophenol and colicd.n K, but unaff' ot d by 

protein "1')ltho is inhibitors suoh u ohloramphenicol. ~old and 

Re ves ( 1963 ) al o showed that under certain conditions trypsin 

rever the lethal effect of colioin E2, inore ing the mm er ot 

ll survivors~ Howe trypsin wu leas eN'eotiv with oolioin E2 

compared with other colicina such a , Ei and E_,, ( Nanura and 

Nakamura, 1962 ). ura ( 1963 ) oonoluded frail this and other un

published evidence that degradation ot cell DNA iniuc d by oolioin E2 

did not utilis newly aynthesiaed deox;yr1bonuclee. a but wa.a dependent 

on eners7 produotiDn and DNA ayntheaia whilst the oolioin lecul 

ined near the c 11 surface. Thi.a augg t possil>le involv • 

m nt ot Kornberg•a DNA pol.;ymeraa ( Kornberg, 1969; Richardson, 1969) 

hich is known to be dependent on nuol oside triphoapha a and to 

exo- d perhaps endonucl olytio aotivitie ( Ch. 5 ). 

It wae therefore decided to il'r.eat!gat t::.e affect• ot other 

ical egenta on this phenanenon with the new to elucidating th 

m ot action o-r oolio!n 2• Vari.c>u. iJ'lhibitara of DNA aynth aia 

and DHA intercalating c.lruga were atudied in addition to agents affecting r 
ll ranea. I t baa alr dy been observed 1n rltro that certain 

sartcar, 1967 ). al provi d a 

I 

: I 

DNA interoalatera inhibit deo:xyribonuol ue action_ ( Iaith, 19631 
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nov l end u fu1 means for inveatigating the effeot of indl.lJed 

deoJcyribonucl a activity on int rcalatecl DNA in v1vo. 

( ) Pretreatment ll1 with antibecterif:l agent 

The DNA of exponentially growing cell of E. coli 00W wp 

lab ll ri h ( th,}11-3H ) thymine as de oribed 1n Ch. 2. The 

labelled c lla re washed and reauapended with :f'reah mediun at a 

o 11 density of 3 x 107 b oteri per ml. Th cell were preincubated 

for 10 min with growth inhibitory concentrations of various anti-

b et rial enta b fore addition of the approprie.t _ concentration of 

colioin E2~ 1 ml aliquots re taken at interval.a end mixed with 

1 1 ice cold 1 ( w/v ) TCA~ The precipitate was til tered and the 

radioactivity deterrnin as described previously. 

hi procedure plied to the preliminaly inveatigationa 

1th dinitrophenol ( D ), ehloramphenicol ( CAP ), mitanyoin ( MIT ), 

phleanycin ( IHL ) , novob:Locin ( ·ov ) , acrifl. vin ( AC ) • thidium 

br<m:lde ( EB ) , daunanyc:in ( DAU ) and nogal in ( NOO ). The 

concentrations ua d given in the text. 

The more detailed investigations th actinanycin D 

( ACT. D ), thidhm br ide, phen thyl alcohol ( IEA ), S•bromo• 

uracil ( BU ) and trypa:tn ar described in th t xt. 

(b) Isoncr,do centrifugation of BU•DNA 

In ox,ier to ah that 5-brcmourac11 wu incorporated into 

th DNA of E. col; ROW under the conditions u ed. it waa nee aaaey to 

how an in1...a__,. ....... in bouyant denaity of the extracted cell DNA in C Cl. 

The DNA ot E. coli ROV'l was unifo.tmly lab lied with ( meteyl-

3H ) th.,mine and the rponentially growing cells were washed and re-
8 nai ty of 10 baot ria per ml with fr di 

r/ 

'I 

I 

l r 

I 

I 

I I 
I 
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Effect~ of antibacterial agents on colicin B2 induced 

DNA degradation. 

3 7 . 
( H) thymine labelled cells of F..coli ROW ( 3.10 bacteria 

pei · ml) were µre.incubated for 10min .in the presence of tlie 

agents (X) indicated • Conceutrations ai ·e given in 'T'b.BLE 4 i. 

SampJes wtre taheu at intervals after addition of colicin E2 

3i.g/ml) aod the cold-acid precipitable radioactivity detcrmi11ed. 
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oontain1ng 5 µg .5 aura.oil pe ml, 200 µg deo noa per ml 

and l _µg ( tey-1--'u ) ttzymi.M per ml ( i.tw aativit,' l Ci,nmnol ) . 

M r incubation tor cifi d tim s, 10 ml aliquots we d with 

10 ml utter pH a.o containing 10 m!! KON ( Nmr-CN ) at 4° to top 

1'urther inoorporation. · 

am reeu.sr,ema.el'4 in i 

per ml tor 15 in. 

harv •t by oentritU tion 
0 

and incub d w1 th 

lla n l,y 

addition f k.osyl <1 rg nt ( final noentration 1% ( w/v ) ) and 

dig at d with pronaae t 100 pg/mJ. for 15 min t 37°. o.6 .ml lyaat 

d wit.h 5. 4 ml Nm' bun r pH a. o e.nd dde to 7. 8 g olid cac1. 

mixture • overla,yere with liquid parattm in 13 ml centrifUg 

tube and ntritug to quilibri 1n a Ti-50 rotor at ,o,ooo rev/min 
0 

for 60h at 20 • di were fractionated and the oold• acid 

preoipit bl radioactivity in the fr, ctions dete:nnined ( Ch. 5 ). 

RESULTS !t 
( ) with antibacterial agen 

In order that timul tion a.a 11 as inhibition ot colicin 

degra ti.on could detec it necesaar;r to u 

concentration of colicin E2 that did not induce xces i: DNA 

tion in t control. 3 ng oolioin E2 r ml waa t refon 

used ( 103 molecule per cell) since t· i induced 50 ::t 5 d gradation 

of c 11 DNA att r 2h inaubation. 

Pr liminar,y inveatigatione involved simple preincubation 

of lla with variou ag nta tor 10 min followed by inau ation in the 

pre enc ot colioin ( Fig. 4 i ) • K1 tomyoin ( Reich • , 1961 ) 

and phle~in ( ale.achi and Kornberg, 1964 ) d u plea 

of antibioti that would speoif'lcalJ.T inhibit DNA ayntheaia ( see 

Ch. ) but 1n baa a1ao 



TABLE 4 i 

Eft et of chemical e.gent on colicin E2 induoed DNA gr;-adation 

conc.n. %D degradation after 2h 
(µghnl) 

.. colioin E2 
+ colioin E2 

control 
:V.i tanycin C 1 

20 

0 48 
2 43 

1; 41 
Hll.eomycin l 

20 

., 50 
19 47 

ifl :vin 100 0 7 

Ethidium Brcmid 100 0 19 

De.unom.Yein 100 0 2.5 

Nogalomycin 100 2 31 

EDI'A (1 m!) 
.AotinQmyoin D 50 

( - v.g++ 

15 41 
18 32 

0 49 ) 

Novobiocin 100 0 78 

Chloroamphenicol 100 
(- C ino acids 

Dinitrophenol ( 2 !!!!?O 

0 l+B 
0 53 ) 
2 4 
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inhibit xonuoleaae I in vitro ( Falaabi and Kornberg, 1964. ) but 

not endomicleas I. DNA isolated f eel.la treat d with mi .oin 

Cw degrade.d as WI 11 untrea t DNA by exo and ndonuclea 

in vitro, in contrast to DNA treat d wi intercalating drug 

( Sarkar, 1967 ) • Mi tanycin am phleomyoin wer used at 1 µg/ml 

( cloa to the f.G.I.C. ) a.r.d 20 ~l. There was no ignificant 

difference in coliain E2 induced DNA degradation between control o 11 

and c lla preincubated with either itan,yo:in or phleomycin, ( T bl 

4 1 and Fig. 4 ii ) • H ever th re wu alight degradation 

( 10-2cyo ) at th higher cone ntrationa of the two antibiotic in 

the absence of colioin E2 after 2h incubation. 

Four intercalating drugs were selected; acritlavin, 

ethidium bran.id , daunomycin am nogal oin ( see Waring, 1968; 

r ten et al., 1966 ) . Owing to their charged nature, high ooncen-

trationa ( 100 µghnl ) were needed to overcame th p bility barrier 

of grem-ve bacteria. The inhibitor., et't'eot of Blah :lnteroalatera an 

certain deoxyribonuole by binding to the DNA sub trat in vi ~ has 

b en 1nv atigat by Leith ( 1962 ) and Sarkar ( 1967 ) and w des

cribed in Ch. 3. How v, r very littl ha.a been reported or th ir ,!n. 

m£_ eff et on DNe.ae activity. oriflavin rd ethidi bromid pro-

duced tm mo t signit'ioant reaul t.s for inhibiting colioin E2 induced 

DNA degrada.tiDn ( Table 4i and Figa. 4 1 am 4 ii ). ~in 

and noga.l.Qm.ycin had alight inhibito17 effects but still allowed 

approx. 30% DNA degradation on incubation of cells with colioin. 

This ,r; probably due to a deer ed pezmeabili~ tt et. All 

drug concentratiCIUI were growth inhibitory ard pt" incubations were l)er-

fomed in the dark. 8 C -

I 

I 
I I 
I 

I I 

!' Interpretation of' the acriflavin r aul t 

pllcat d by (i) extenai-re colour quenoh~ o£ tt, cold- cid pr oipitat • J: 

when asuring the radioa.otivity by licpid ointillation and (ii) the 

I 
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possibility the.t acr1:t'lavin not bowxl to DNA may bind to colioin 

or certain DNaaes. 'l'he :first difficulty was partially overc e by ! .1 

adding a.oriflav:l.n to oolioin control pl s just before mixing with 

cold TOA. However the results still showed a conaiderabl · variability. 

The second diffioul ty 1fi partly eliminated by washing aorldine pre

treated cells with fresh diun and then treating with oolioin. 

Similar reaul t to unwa.ehed. oella were obaerved, but thi in it elt 

did not eliminate the po aibili ty of the drug binding to the nuol ea. 

The results with th other :l.nteroe.latera whioh are knOlm net to bind 

o vidly to p.rot in weuld however diaoount this the :uae of the 

inhibitory effect. The. reaul.ts with ethidium brani were examined 

in gr ater detail later. 

Actinomycin D has been well characteri d ea an inhibitor 

of RNA ynthesi ( Kirk, 1960 ) but it method of binding to DNA he.a 

b n uncertain owing to the minor groove H bonding theory of ioh 

( review, 1966 ) end th int rcalation theory of Mull r d Crothe 

( 1968 ). It was therefore interesting to a whetmr ACT D 

re em.bled th other intercalat ra tudi d in inhibiting colicin :lnduoed 

DNA degradation. Sarkar ( 1967 ) haa shown that ACT D inhibited 

DNe.a a.oticn in vitro and R iter t al., ( 1966 ) have shown t1-t 

repair ot tN aged DNA wa inhibit d by ACT D in vivo. 

· - EDTA pretreatm nt ( Ieiv , 1965 ) was nee aar,y to incr 

the permeability of E. coli towards ACT D. Thia 1'.'8.8 performed 

deaoribed in Ch. 2 and the cella treated,with 50 µg ACT D per ml f'or . 

10 in b tor :lncub tion with oolioin E2• reaulta are ah.own 1n 

Table 4- i. The EDTA treatment oaueed the cells :to be "leaq-" gi 

ri e to the ap~l'Ont DNA degradation in the EDT.A controls with or 

without Am D. Colioin 1nduo d DNA degradaticn inhibited b;y 

11 

i I 

if I 
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Histogram of the ef1ects of autibactcrial agents 

on colicin E2 induced DNA degradation. 

1he percentage DNA degradations after 2h incubation of cells in 

the presence of colicin E2 anJ the appropriate pretreatmcuts with 

with ai1tibacterial agents were determined as described in FIG . 4 i 

all except the pretreatment ~ith phenethyl alcohol which is 

dtss~ bed in FIG. 4 iv. These results . are ~lso prescnteJ in 

TA.BLE 4 i • 

A<::r D pretre :tment but exact d tenninations were complicated by 

the "leelcy" controls. Thi.a result would put ACT D in th 

oatagor,y aa the intercalatora deaoribed baVe. If tm oella w 

not pret :ted with EDTA, Acr D was without effect on 11 growth. 

Su penaian of xponentiall.y growing cell.a in me.gnesiun 

t'icient m di 10 min prior to colioin d.dition had 11 ttle tteot 

on tbt DNA. degradation al though the magnesium deficient control 

cella were unable to grow. From thi result end th, reaulta with 

EDTA it i not possible h~ ver to detemine whether oolicin E2 
++ 

induced DNA degradation wa dep ment, but it do indicate that 

it the nuol ,system is ++ dependent then degradation dces not 

occur in the periplaamic pace as has b n augge ted tor DNA 

d gradation in phag exolu.aion phenonanena ( Dr. M.R. runt, personal 

camnunioation 1970 ). 

- vobiooin ( Snith end Davies, 1967 ) is lmown membran -

active antibiotio and inhibits DNA eetaboli.sm in •, £611. Fre

incub tion of oella with 100 )l8 novobiooin per ml was tcnmd to ha~ 

la.bilising et'f'ect towards sub equent colioin induced degradation of 

DNA { Table 4 i and Figs. 4 i and 4 ii ) • This was the first oaae ot 

an agent increasing th bioohemioal ef't ot of colicin E2• f3 HtenetbJrl 

alcohol { ark and Lark, 1966) ha.a similar antibacterial properti 

am 1 t effect on colicin action inveetiga din a later aeotion. 

The reaulta of ura { 1963 ) with chloramphenicol and 

cli.nitrophenol were oontirmed and are shown in Tabl 4 i. In thia 

connection amino oid starvation tor 90 min { lark and lark 1966 ) 

prior to oolioin attack had little ffeot on the uba quent DNA 

re tore 

on incubation of cells ri th colic in ( Table 4 1 ) • 

I : 

I 

I 
I I 

I I 

I I I 

I i 

I 

'I 

I 

I 
I I 
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1 
time 

colicin 
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2h 

Effects of ethidium bromide on colicin E2 induced 

l>NA degradation. 

(
3

H) thymine labelled cells ( 3.1(>7 bacteria per ml) were 

treated with colicin F,2 ( 5ng/ml) at time zero and ethidium bromide 

( 100µg/ml) at the times indicated. Aliquots were taken at intervals 

and tbe cold-acid precipitable radioactivity determined. ( D) are 

the averages of the points obtained by addirg' Et.hidium bromide to 

cells at -10,-1, O, +5 and +10min . 

.. ,_ 

9.5 

(b) Ett ot of ethidium b ide on colioin E2 .. I9 induced DNA 

degradat1o9 

hidium ia a well oharaot riaed intercalating drug 

( Crawford end Waring, 1967 ) am w lected for a ore detail 

examination of th inhibitory ffect of interoalatera on colicin 

action ainc it we:.a altti.ost ett'ecti ve a acrif'lavin but did not 

suffer £ran th disadvantages outlined above. On addition ot TOA 

to thidiun br ide tre d cell , t bright colour at the ay. 

ohang d to J)8l ll and thi was r · moved on w: h1ng the m br 

or g • fib ilter with l ( v/v ) cetic acid. 

S1nae this drug inhibited collcin E2 induced DNA degradation 

when added prior to colicin, it was of interest to aee whether 

addition of this dx'1J8 to cell aimultaneoual.y rith or subsequent to 

oolioin E
2 had aey ef'tect on the induoed DNA degradation. 

The results ,are shown in Fig. 4 111. This t:im a. cone n-

tration of 5 Dg colioin E2 per ml waa ueed to incre the colioin 

control DNA degradation. If the time of ex>licin ddition to b oteria 

was at O min, then additions of EB at - 10, •l, o. +5 and +10 min had 

qual inhibitory activity on the induced DNA degra tion. Af'ter 

"le.g phaae" ( 10-15 min ee Ch. 2 ), DNA degradation to acid aolubl 

material waa occurring at the time of drug ddition. Despite thia, 

ethid1: brcmide inhibited th overall degradation and even after 

addition of EB t +40 min degradation of the DNA• inhibited and 

aaed by +60 min. Thea resul ta sugg ~t that (1) ethidium. brcmide 

inhibitio of oolicin E2 action during the preinalbation period 

( ... 10 min to O m.1n ) was not th .result of the drug binding o 

aolioin o an al tion in t c 11 surtao hu venting oolicin 

binding to th o 1, and ( i i) ethidi brani 

cell and binding to DNA w. u:natt ot d by prior tre tmen t ot the 

cell with 11cin 2 • 

-- :Jilllilll. 

I , 
I 

11 , 
I 
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f3 Ibmeteyl alcohol ( !EA ) ha.a b 11 charaoteris d aa 

lective inhibitor ot DNA ynthe is ( Berrah and Konetzka, 1962 ). 

Treich aJld Konetaka ( 1964 ) al . o ahar d that P.EA only inhibited DNA 

ynthe is at"ter the b oterial ahromosan had oampleted a cycle ot 

replicat on, i •• inhibit initiation ot a new oyole. The point 

on t c t whu,h repli tion c a.sed with was the 

poin at which r plic tion ce ed. rl th amino oid starvation. It waa 

also the point f'ran which a pr atur oyal of replial.tion waa 

initi ted by tl:cymi.ne atarv tion ( Lark and Lark, 1966 ). Initiation 

of a new replioation cycle :Ppe d to need two proteins. One waa 

sensitiw to inaotiTB.tion by !EA but its aynt sis resistant to 

ehlor pheniooli th other unatf oted by .!EA but ita ayntheaia 

was inhibited by ohloramphenicol ( Lark and I.erk, 1966 ) • The 

prot ina may ell oorreapond to the 1tructural and initiator proteiria 

hypothesised by J cob et al. , ( 1963 ) . 

In addition to attect:lng DNA yntheaia, FEA. ppeara to 

damage the o 11 m brane ani it has been ugg ate by Treich and 

Konetzk:a ( 1964 ) and I.erk and Lark ( 1966 ) that this is the caus 

ot the 4.1.aruption ot DNA replication and that the chrano 

becane detached fran ita replication point on the brarie. In view 

of the ettect H!A. on DNA metabolism and membran s in , eoli it 

clear that it would be uaetul in at~ing the mode ot aoti.on 

oolioin E2• 

The concentration of PEA recpired for a apeoitio ttect 

on bact rial D ayntheaia ia determine to some extent by th growth 

conditicma ( Lark and I.erk, 1966 ) and thia wu studied f'or • ooli R • 
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(a) F.1fect o f PF.A on (
3

H) thymine in~orporation by E.coli now 

Exponestia lly growing cells (2.t0
8
hacteria per ml) were ~ncubated 

with ( H)tllymi,,e and phcuetbyl alcohol at the concentrations · 

indicated. Samples were taken and the cold-acid inso luble ra(hoactivity 
determined. 

(b) Scheme for PF'.A a11d colicin F.2 treatment of ce lls. 

(
3
H)thymine labelled cells wer~ incuba~ed with 0.5% ~EA f or 90min, 

washed and resusr,endcd at 3.10 bacteria per ml at t11n e z e 1·0. 
Colicin E2 (3ng/ml) was adued at times indicated (tubes 1-3). PFA 

was aJded to 0.1%to tube 3. Tubes 1-3 were incubated for a fuither 
2h after F,2 adJition. Tubes 4-6 contained 2.108 bacte1·ia per ml, 
0.5% P EA and 20ng colicin E2 per ml as indicated. 
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The reeulta are shown in Fig. 4 iv( ) . The inoorporati.on of 

( 3H ) thymine into cold- acid p-ecipi tabl aterial was n 

immediately inhibit d by 0. 5% ( v/v ) FEA and continued tar 

approx. 50 min. 1 . 0% produced en ett et too rapidly whtreaa 

o. 25% tailed to completel,y inhibit DNA synthesis after 90 min 

1naub tion • 

ExponentialJ.3 growing cells ot E1 coli RON previcu ly 

la lled with ( '1r ) ttzymine re inoub ted with 0. 5% P.EA for 90 

in by which tim all DNA ayntheai as • The c lla w re washed 

and dilut d deacrlbed in Fig. 4 iv(b). At interval.a after 

addition of colioin E2, aliquots taken, cold• aoid pr oip1tated 

and the radio ctivity termined... The amounts shown 1n Fig. 4 iv(b) 

are the percentag d, grada.tionso:t' DNA after 2h incubation of treat 

c lla with colioin. It the IEA t incubated rl th 

oolioin in abaenco ot lEA. ( tu • 1 and 2 ) there was at imulation 

of colioin indu.o D degra.da.tion over the control. Thie at imulator,y 

etteot as moet pronounced hen the 11.e w r tre d with colioin 

immediat ly aft r r oving t FF.A ( tube 1, 4 v ) • If however 

the c lla w, re allowed to recov r slightly b for addition ot colioin 

( tube 2 ) , the stimulatory eff et aecreaaea. ( Fig. 4 v ) • Incu.bation 

ot oella h v r with oolioin 1n the Dl'"ll!'IRl!'!rJCe ot FF.A after 90 min PEA 

an inhibition of DNA gradation compared 

th the lioin control. The eul1:ta may interpr t din two 

w : either the directly inaotivat lioin ar partial 

rec r,y t lla wu ce sa.ry for oolicin to et 

( 1. •· mA/m bran int etion ) • 

The possibility that oolioin E2 wae directly inaotiftted 

by F.EA a.a in atig ted by 1x1ng th two together betore addition 

to the C lla ( 5 ). On dition o • 
lla re w rapid lyaia. incubation of the eel la for 10 1n 

I I 
I 

I 11 

: I 
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120 min 

Effect of PJi'A on colicin "P.2 induced DNA degradation. 

( 3 H) thymine labelled cells were prcincubated with PF.A and ' 

t,·eated with colicin as described in FIG. 4 iv(b) • Samples 

were taken at intervals after the addition of colicin (time 0) 

and-- t'he cold-acid precipitable radioactivity determined. 'I'tic 

n~mbers above the curves arc the tube numbArs in FTG. 4 iv(b). 
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with FEA also brought a.bOut l.yaia on addition of colic~ ( tube 4 ). 

Thia phenan non of lyai had b n report d by lark ard I.ark ( 1966 ) 

when !EA treated cells were incubated with 5-f'luorouraoil. Thi.a 

therefor left the question of direct interaction partially un-

re ol ved, but inc IEA. did not · lyae the be.oteria in the abs oe ot 

colicin E2' the colioin pre11Wll8.bly wa at lea.at partially active. 

If P.EA was dded to the c lla after the addition ot 

colicin, there w no lysis ( tub 6) an:l the DNA ·degradation waa 

unaffected with re peot to the oolioin control ( unlike th results 

with ethidium bromid ) . It would theretor appear tm.t colioin 

atabili 

and 6 ) . 

th cell envelope ( se t a1., 1970; am Chs. 5 

( d) Etf et of colioin E2-P9 on 5-branouracil•DNA in vivo 

Incorpo~ tion of the baa analogue 5-branouraoil into 

baot rial DNA ha.a lo been known to inc as e itivity to UV am 

Xrq irradiation. Aoki t al., ( 1966 ) have shown with W 

irradiation that the w: excesai DNA gra ~ion ~ prevention 

of the normal repair prooe 1n cell• label1 with branouraoil. 

Lett t al. , ( 1970 ) however found an inhibition of the pair xo-

nucle with Xray irra.diation. Sine the repair enzymes ha: been 

:bnplicat d in colicin induced DNA gr dation(Ch, 2 and Thr lfall and 

Holland, 1968 ) it was of interest to inveatigat the effect ot 

branour oil-DNA on colioi:n otion. 

1th all the ot chemical agente studied it was poaaibl.e 

to nstr te t ir effect on lla by simply te ting for growth 

inhibition. Incorporation of branouraoil into cellular DNA could 

demonatrated only by isopyonic cen: rifu t1on. 

I 
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2 0 . 1 

time 
2 0 1 2h 

Jsopycnic centrifu~ation of 5-hromourncil labelled DNA , 

( 3 11) thymine labelled cells of F.coli were incubated with (
3

H) 

th:fmine a1,d 5-bromouracil for 5min 0-0 and 30min -O. 

The cells were lysed and centrifugeJ to eq~ilibrium in CsCl at 

30,000 rcv/min in a Ti-50 rotor. The fractions were cold-acid 

precipitated and the radioactivity determined. 

FIG. 4 vii Action of colicin F.2 on nU-nNA in vivo . 

Exponent i ally growing C"ell s incubaL e ci \v i th 50U and ( 3n ) t.11yrnine 

fo r 2-3 generations we1 ·e washed , resuspended a t a cell density o f 

3.10
7

bact..eria per ml and irn.:ubatcd with colicin 1''.2 CJ-· D at ( a ) Jng/ ml 

(b) 3ng;ml and (c) 5ng/ml • Coutrol cells - we1·c incubated wi t h 

colicin but not bromouracil. 
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The reaul.te of incorporating 5-branour cil into E • . coli 

for 5 am 30 min are ahCffll'l in Fig. 4 vi ani indic t linear uptake 

with tim so th t after 5 min, approx. 12% 0£ the DNA appeared as 

a Bu/\ eybrid oonaiatent with a.n observed cell doubling tjm of 

40-45 min. The appearaooe of radioactivit y in a t hird peak 

( BU/BU) indicted that ( JH) thymine was competing wit h the BU 

and that there a more then on sit ot replieation per bacterium 

( Caro 1970 ) . Cells tmt had incorporated BU gave t tw, 

growth inhibitory concentratim ( MGIC ) with col ioin E2 

minimum 

cont rol 

cells . The procedure with oolicin E2 was first to incorporate BU in 

the preaenoe of ( 3H ) thymine into DNA of exponentially growing oella 

for 2• 3 generations. The colla were then hed and reauapended at 

7 
a cell density ot 3 x 10 b oteria per ml with treah mediun containing 

1- 5 ng colioin E2 per ml. Aliquots were taken at interval.a and th 

cold-acid precipitable radioaotivi ty det i,nin d. The peroentage 

radioactivity w pl ot ted against tim of incubation with oolic1n 

( Figa. 4 vii(a), {b) and (o) } inst d of reoording the degradat ion 

atter 2h, aince here the tt ot of BU waa on the overall shape of the 

degradation curves r ther than the 2h degradation point. With vecy 

low concentration of colicin t BU effect most pronounced and 

w: the oppo it ot that found with UV induc d DNA d gradation, 1. • 

inhibition instead of stimulation ( 1.g. 4 vii(e.) ). nth colicin 

cone ntration was incr a., the inhibitory etf, ot decreaaed, o thlt 

at 3 ng colicin per 1 { Fig. 4 vii(b) ) the 2h d gradation was almost 

equal to the control value but the lag phaae was till great r than in 

th control. At .5 ng colicin p r 

concentrationa there waa no detectable ett ot. . The reault a with 

colicin therefore app,er to res bl those at IA,tt et al., ( 1970 ) 

but dittioult to interpret. 
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F'IG. 4 viii Effect of trypsin on colicin induced DNA <lcgrauatio n . · 

(3H) thymine labelled cells of F..coli ROh' were incubat ed wi t h 

3) / 1 I n addition trypsin (:.?.mg/ml) was colicin E2 at 3ng/ml or < ng m • 

added to cells treated with 3ng colicin 1':2 per ml after 2mi n ( T 2 ) 

( ) A liq.wts we r ~ t aken at i n tervals aoJ the cold-aud 5min T 5 • 

acid precipitable radioac tivity de term i ned . 
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( e) Ettect of trypsin dation 

The reault,s of Reynolds ·am Reevea ( 1963 and 1969) on 

the recovery ot oolioin treated cella with tryp 1n have ahown ttiat 

the survival ot oolioin treated. cella could only b intained 11' 

trypsin wa allowed to digest the protein antibiotic within th 

first 15-20 min incubation with colicin and th only U' dinitro-

phenol waa added at the a time as trypsin. Thi recovery proo •• 

neoesaitat d the use of high trypsin concentrations ( Reynolds am 

R evea, 1963 and 1969 ) and even then a considerable fraction ot 

radioactively labelled colioin E2 waa found attached to the cell 

env lope ( M eda and Nanura 1966 ) • 

Ad.di tion of trypsin ( 2 mg/ml ) during th first 10 min 

incubation of c lls with 3 ng oolicin per ml reduced the xtent of 

DNA degradation ( Fig. 4 viii ) and if dded 2 min after the addition 

of colioin canpletely prevented degradation rus d teot by the oold

a.oid preoipit te m thod. After 10 min incubation with oolioin the 

aub quent degradation of cellular DNA was unaffected by tryp in ewn 

though ........... ,-. and Nanura ( 1966 ) hav aho-m that the ahili\y ot 

trypsin to remov colioin franc lla ~ s independent of the oolioin 

incu.bation t:im • The effect of trypsin on lls incubated with 

30 ng colioin per ml were unreproduoibl am. varied widely with 

conditioru,, Thie was ob bly due to the more rapid DNA degradation.. 

The ignif'icano of the results investigated in Ch. 5. 

DISCUSSION 

Colioin E2 induced DNA degradation "'!'". inhibited by; 

(1) canbining the sub trat DNA with an int real.a.ting drug so that 

nucle e otion we.a directly pre ntedJ ( 2) block:iDg the pro&.lction 

of nerg;y and (3) inactivation of the oolioin olecule at its 

reoept ai te beto there any dot otable aoid-aolulDiliaation 

ot ma. · T results with ethidiun branide indicated that pemtration 

II i 
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of the cell br . and intercalation with DNA w: not 

significant~ ~fi et by colicin E2• This ould 

there a dir et int ction ot colioin w1 th DNA in Yivo aimilar 

to Matone "coating" ot the oh.romo • Bobb ( 1968 ) baa how r 

ehown that aotinanyoin D will int ot with oh3'motr,yp inogen-DNA 

o plex. Binding of ethidium bran1de to DNA also app, to b 

independent ot the et. te of de dation ot tho DNA~ 

Inhibition of degradation of the bacterial chrano by 

nergy deprivation may indicate the specific nature of th nuclease 

involved but could el o indicate an energy dependent m brane contor

ttack 

on DNA. .An energy dependent tranapart proce a of oolicin olec::ule a 

aoroaa the brane i diffieul t to reconcile with trypsin rever 1 

and the radio otiv ly labelled colicin experiments or 
Nanura ( 1967 ), a Ch. ,. 

The inhibition of BU ince>rporated DNA to act a suba 

tor limit d colicin E2 induc d degradation J!J1JY fl t an inability 

of th induced exorruol to degra phoaphodi at r link to thia 

b e a.nalogu ( 

would ugg at 

H er thia one result 

in th nzyme ws for de tion ot UV 

and mitanyom damaged DNA ( . Aoki t al., 1966 ) and th nucle 

induoeid by colicin 2• Thi apparently contradict 

findings of Threlfall and Holland ( 1968) and reeults m Ch. 2. 

growth inhibition experlm ta 1ndi t that there waa no 

inoorpora d BU. Thi could mean t t t cold• aid olubili t1.on 

o~ DNA w not n aaa.ry for the lethal ttect of lioin E2 but t 

xperim ta are far fr oonalua:1; • 



102 

Colioin action on wa.e una.ffect by prior inhil>i tion 

or ,Pr"ot in or DNA •yntbeaia which sugg a d t colioin E2 did not 

initiate the aynthe ia ot new nucle s • pr;-otein activator ot 

1 t nt c 11 mol ea and did not need aoti ve DNA aynth •ia far DNA 

d dation to occur. Thia last r aul t contradicted the finding• 

ot Ncmura ( 196 3 ) for which there wa no convincing evidence. 

The reaul ta ,rith amino acid starvation aul)ported tbe et'fect of 

ohloramphenicol, mi tanyoin an:i phleomyoin inoe aft r 90 1n 

sterv: tion ell protein and nucleic acid syntmais ceased and yet 

colioin induced DNA degradation aa una.t't cted. The result with 

phleanycin and mitanycin indicat d that xonucle e I ( Fala.ahi and 

KQrnberg, 1964 ) and exonucl e II am IV ( Kornberg, 1969 ) re 

not invol din the colicin induced e.cid-solubiliaation of DN 

Th tt et of no obiooin and ph nethyl alcohol ere most 

int sting in that thy potontiated the biochemical etf'eot of 

colioin E2• Both the antibacterial agents ar b 11 d to b 

membrane e.ctive ( Snith and Davies, 1967; Lark and Ie,rk1 1966) but 

differ !'ran oolicin E2 in that they labili "the membrane whereae 

colioin E2 has a stabilising effect on whol cells and spheroplast 

(Noe et al., 1970; and se Ch. 6 ). An increased peime bili-ey of 

the oell m bran ~oward colicin molecule could be envisaged in 

aupport of a direct interaction of DNA end colioin E2, but an ettect 

on DNA-membran aasoeie.tion ia far more likely :mce both novobiocin 

and phenethyl alcohol attect DNA m taboliam and colioin E2 could act at 

theDNA ibrane ttachaent site. 

I 
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S dim ntation @A!:l.nis ot DNA dpa,rn.dation p,;:oduots r ault1ng from 
the action of' oolioin E2-F9 on E.coli 

INTROWOrION 

Colioin E2 induced DNA degradation ha been aaured u8ing 

th diaappearen of radioactive DNA fraD t cold-acid precipitable 

fraction of tre ted c 11 ( Nanur • 1963; Holland, 1968; and Chs. 

2 end 4 ). A variety ot tim lags have been reported ( Nose am 

.u:u..~wu,o, 1968 ) depending on (a) th ooncentra.tion of colioinJ 

(b) the a n iti at.rain of E. co i used; and (c) the growth con-

di tiONS ployed prior to ex>licin att ck { e Ch. 2 ) • Thi lag 

has b interpreted the time needed for he adsorb d col1cin 

moleoul to "transmit" it lethal tt et to 1 t ,l8rtiaular biochemical 

target through the brane cauplex (Noe am Mizuno, 1968 ), 

Genetic studies suggest that the enr..ymatic tem involv d 

in colioin indoo d DNA degradation may be relat to that us d in the 

excision-repair proc as occurring atte:- UV irradiation ( Threli'all and 

Holland, 19681 and Ch. 2 ). If this is the o , the first tage of 

colicin attaclc would b breakdown ot cellular DNA by an ndo-

nucle e. The lo ... s of radioactivity tram lab lled DNA present 1n a 

cold•aoid precipitate may not th refore b a satisf' oto17 thod f 

following th initial event on addition of oolioin E2 to cells. 

It was decided to look 1'or th appearance of single and double trand 

breaka in the DNA by analysis of lyeates ,from colicin treated cells · 

on neutral and alkaline auaroee deneity .. gt"adienta. Similar work has 

been carried out by Obinata and izuno ( 1970 ) but their results and 

thoae presented here differ and will be discus d lat r. 
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It 

from lioin tr 

ine whether DNA iaola d 

to expl in colioin initi t DNA d gradatk>n. Obinata d 

Mizuno ( 197 ) n reported that the aotivity and sub-c lluler 

local1 t1on of nucl in • coli u unalt by colicin E
2 

that "an alteration in the atat of DNA" be 

METHOps 5 

The DNA of an exponentially growing au1 ture of • coli R 

wae label d th ( "11 ) thJ'mine an e cells tre ted with colicin E2 

at :, and 30 ng..,inl ( i . • 103 arx1. 104 oolicin oleculea r bac ritm ) 

d cribed in thods 2. At intervals after addition ot oolioin E2 

to the lab lled b et ria 0. 5 ml and 5 . 0 ml aliquots re taken. The 

total cold- id pr oipitabl r dioaotivity was detemined by mixing 

the 0. 5 ml 

Th 5 

pl with 0. 5 ml 1 , ( w/v ) TCA d cribed. in thcda 2. 

ple was dilute with 15 ml ice-cold ]3aie medi ( 0 . 1.5 _ 

Cl - 0.1 ! EIYrA pH 8. o ) containing 2 _ dinitrophenol to stop 

h diluted bac ria r harv at d by t'urt r DNA degradation. 

ntrit'ugation t 4, wB..fu:il!!d end r 

containing 200 }lg I.Ysozym per ml~ 

10•15 1.n,· -0.51 ( ,jv ) SDS and 100 

0 After incubation t 20 tor 

prona.a r ml w re added and 

the 1ncub tio continued for a t'urther 20-30 min t 40° to tr th 

( ~ )-D ran ani prot :In canplexe and to l.:!Jn1na.te ez>.y 

cxyribonc.ole 

a 1 ml pip tte to liminate xoeaaiv: shear. The amount o-r ple 

cor apo d to 0.4,-1.0 )lg.DNA ( 40,000 ota/min ). 
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FIG. 5 i Standar·d sedimentation on sucrose density-gradients. 

Col. faLtor DNA, ribosomal subunits and T
4 

DNA frag-ments 

\ 

were prepared as described in METHOflS 1,3 and 5, and ccutrifuged 

ilirough 5-20% (w/v) neutral sucrose density-gradients as indicated. 

After fracti onatiou , the cold-acid precipitable radioactivity of the 

samples was determined. 
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(b) Sucrose density-gradient anabais 

5-20% ( w/v ) sucrose denaityi-gradients were made up in 

NET butter pH a,o ( Snith and Hanawalt, 1967 ) tor neutral gradients 

am in 0.9 _ NaCl - 0.1 !! NaOH ( Studier, 196.5) tar alkaline 

gre.dients. The neutral gradient had a volume o-r 4-. 8 ml on which 

waa layered 0 . 2 ml cell qa te whilst the alkaline gradient had a 

volume of 4. 7 ml on which was layered 0. 1 ml 0 • .5 ]! Ne.OH followed by 

o. 2 ml cell lysate. After preparation, the alkaline gradients w re 

0 
allowed to stand for ,0 min t 20 prior to centritugation in order 

to allow denaturation of th DNA to take place ( McGrath and W1111ems, 

1967 ). 

The~ dients were centrifuged for 1 • .5 to 3h at 40,000 

rev/min at 20° in a Spinco Model L2-HV ultracentrifuge using a 

SW•.50 rotor. 10 drop samples ( approx. 0. 1.5 ml ) were collected 

fran a pinhol punched into the bottan of th, tube. Init:ial.J.y the 

ainplea were mu with 1. 5 ml 5 ( w/v ) TCA an:l 0. 1 ml of a aolutiion 

0 0 
of 1 mg crude yeast nucleic oid per ml t 4 • After 30 min at 4-

the oold•aoid preoipitat s were collected by filtration on Oxoid 

membrane til ~re, waa.hed and the radioaoti vity dotemined. However 

identioal reaulta were obtained by aimply mixing the pl • with 

o • .3 ml w ter am .3 ml triton X-100: BBOT-toluene mixture ( l: 2 ) aa 

de cribed in Ch. 3. Recovery of labelled material tran gradient• 

varied between 75 and 85% of the input radioaoti vi ty ( Table S 1 ) • 

( o) Calculation of edimentation value end molecular w 1.ghta of' 
the DNA £:rNpnente 

The aedimentationvaluea of the ( "1i) labelled DNA 

. oalculat d uaing th tomula or Nanura et al. , 

( 1~60 ) and the values obtained w checked using tile toll.oltiJla 

Fig. 5 11 )a 

11 
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The filled circles are the theoretical points ( Nomura 

!l al., 1 !:J60) and the open c ire les are the empirical points 

obtained from FIG. 5 i • The relationship of sedimentation value 

acct i 1action or tube number is only app l icable f or gradients prepared 

a nd cer.trifuged as described in METHOOS 5 and above . 
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( 14-c ) t~dine lab lled T4 phag DNA ( preparation described 

1n ethoda 3 ), ita tragmenta having sedimentation uea ot 6,S, 

438 and 30S ( Burgi and Hershey, 1963 )., { "11 ) t~ine la 11 

aolicinogenic factor Et•P9 DNA ( preparation described in :Methoda l ) 

climentation val 25S ( Bua.ra.1 an4 Helinsld., 1968. ) J and 50S e.nd 

onic d E. coli R(N{ lab lled with 305 riboaanal buni t 

( .\ ) uriMne ( tho 2, l!IOni.c t d cell extr.ao oentritug 

30, OOO g for 15 min and supernatant fluid stared at - 20°). 

t 

DNA fr ent and Col, f otor DNA er centrifuged on neutral suoro 

gradients de orib d abo whilst the ribo m.al aubunita W1 centri-

fuged in a 5-20 (w/v ) ucro gradient JD.ade up in 10 _ tris-HCl-

25 !!! KCL-?. l _ magnesium ao tate pH 7. 0 ( Fig. 5 1 ). 

Th auoro e deneity-graclienta ?'4t hown to be lin a:r by 

Ming a. radioacti label to the wcros and preparing the 

gradien w1 th un1a ll 5 ucro e aolution. T centrifug tube 

was pierc and t radio.e.ctivity of the samples determimd uaing tm 

triton-toluene-BBOT ethoa. The distance moved by a DNA aempl waa 

e.iusumed to be directly proportio l to th number ot drop b tween the 

peak maximum 8"1 the niacu sin the difference in viacosi\y 

b auoro ad a variation of less thul in drop 

ail: • The numb r or dropa collect per gradient we.a JOO .t. .5 atter 

con-eotion for th etfi c ot am in th laat f f'ra.otiona. 

The 

were oaloulat 

ight average mol oular w igbta of the DNA frasnenta 

- - ----.------

( 1958 ) ; Rubenatein et g. , ( 1961 ) J rurg1 and Herahey ( 1963 ) 1 

Studi r, ( 1965 ) ) a Fig. 5 iii. 

- , ___ .................. 

,J 
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FIG. 5 iii 

Relationship between DNA molecular weight and sedimentation 

coeffici e nt. 

The plots shown are derived from the formulae of ; 
6 

. -4,.-c. Dot,y et al. ( Hl58) j'or native D:\11' 1-10.10 daltons 

~0Ruhe1,;;ein et al. (l~>61) for native ONA 30-160.106
daJtons 

.-- 6 •--a Burgi & Hershey (1963) for native ONA 15-30.10 daltons 

~ Studier (1965) for native DNA 1-100.106 daltons 

0-0 II " 11 alkaline dena tureu DNA 
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(d) I opycnio centri£ugatict1 

SDS foms a i:recip1ta.t ,nth CaCl am. w therefore 

replaced by l ( w/v ) sa.rko yl olut1on in the pre;i:eration of 

( 3H) lab lled c 11 lyaa.te tor CaCl end oa2S0
4 

equilibrium ntri-

t'ugation. T . ly te wu .adxed with elution of C Cl or ca2so
4 

in 0.01 ! tri -HCl buffer pH 8. 0 cont 1ning O.Ol _ EOrA tor neutral 

gradients or in 0.01 tris-0.l M K3P04 butter pH 12.5 containing 
- - I 

0.01 ! .Em.A for alkaline gradi t ( Snith end Hanawci.lt, 1969 ). 

The final densitie were djuet.ed to 1. 7100 Sftnl for CeCl or 1.4250 

g/ml for ca
2
so4 ( or as indioa d in the t xt ) by the refractive 

in x method scribed by Saybalald. ( 1968 ). 4 ml of the ixture 

,containing approx. l µg ( \ ) lab lled DNA w overlayered with l 1 

liquid paraffin and centrifuged to equilibrhml ( 45-60h) at :,2,000 

or liJ...000 rev/min at 20° in a Spinoo Model L2-HV ultracentrifuge 

ua:blg tho SV .50 rotor. The tube contents were fractionated to give 

50 x 5 drop samples by piercing the tube botton with a needle 

connect d to a um, peristaltic pump operating at 80 ml/b to crease 

the tlow rate. This method was uaed for nit.rooelluloae tubefl. Pol;y

allaner tubes ( uaed tor alkaline centritugation ) were however 

difficult to pierce and the tub contents were pumped out tran above 

u ing cannula ( ~thoda l ) . 

The ple radioactivity detexminecl by either cold ald 

preoipit tion or the triton-tolu ~BBO'l' m thod crib d ebov • 

There waa no igni:fioant differenc bew n the two methoda. 

( e) ..;.;::;==.::6.;::um:.:...mu:r..= ... Pha~t-"-$;.:;Q.+_+ __ is:.o.,p.,.mµ:-::.C_.c_en::;;:.:tr~ifuii:.;:a;;~;;an ___ 

This method waa based on that described· by Comeo et al. • 

( 1970 ). 1.0 ml c ll lyaate ( dialysed against 5 _ borate butter 

pH 9 • .5 ) waa mixed with 3. 7 ml 65% ( w/. ) ca2so4 atock aolution 

( in H2 0 ), 0. 4 0.1 !{ bora butter pH 9.5, 0.15 ml l _ HgCl
2 
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f<'JG. 5 iv Scheme for i11vcstigating DN.\ meml>ranc association, 

fragmentation and density. 

For tubes 3,4 and 5 see MF.TBODS 5; for tubes 1aud2 see MFTHOllS 6. 
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and 2. 75 ml gla a distill d wat r. The final density waa 

1~4625 g/.ml. The 8 ml mixture w overlayed with liquid pa.rattin 

so e.~ to fill the tube · and c ntritug d to quilibrium ( 70h ) t 

32,000 rev/min in a T1•50 rotor t 20°. The tubes were pi red 

and th contents fractionated using periste.l tio pump de -

crib d e.bo • The o. 2 l mplea wer cold- id precipitated with 

yi t nucleic oid as carrier and the radioactivity detennined. 

RESUnrS 5 

Initially it was intended to investigate the pbyaioal 

integrity ot DNA from cells incubated with colicin by J.Jraing sphero

plast directly on top of the ucroae deMi ty-gradient, in this way 

oaus:lng a mirrlmum sh ar of the rel&as d DNA. However after E. coll 

ROW had be n incubated in th pr aence of colioin E2 far a ffl'II minut a 

it prov xtr 17 ditticult to ferm spheroplasts and once formed 

the p ropla.st showed an inor aa resistance to lysis; similar 

e:ffect have b n reported with colioin E2 by Noa et al. , ( 1970 ) 

and with oth r anti-b cterial a.gents by Cundlifte ( 1967.2, ). Thi 

was probably the result of changes 1n the cell envelope an:l may be 

related to the appearan of long f'ile.mer.1.tows .form ot E. coli af'ter 

prolonged colioin trea ent, ( Oh. 2 ). · The altemati approach of 

tre ting preformed E. coli sph ropla.sts with colicin was also unsuoc a

t'ul owing to the r duced seIMJitivity at the high auoro e oonoentratiana 

wsed and th :implicit dsmag to the ba.oter1al cell envelope ( Suarda., 

1965 J ppi end Arima, 1967 ) • 

It waa therefore decided to u oonve?1t1onal methods ot 

cell '.cyais and sohematio repl"ea ntation ot the methodology used in 

Cha • .5 e.nd 6 is ahcllJl in Fig. 5 iv. For examination of DNA: brane 

a ooiation a W'f'ere t method of 11 l.ya wu UM ( Fig. 5 iv, 

tub 1 and 2 ) this Will be d cuaaed 1n Oh. 6. The thod 
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for the times imlicated above the peaks, harvested by centrifugation 

lysed and centrifuged for 90min as described in FJG. 5 ii through 
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density-p-_radients. The 30 and 60 min peaks differ only in magnit ud e . 
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ONA profiles in alkaline sucrose ( 30ng colicin E2 per ml) 

( 3 11) thymine labelled cells of E.coli we're incu bated with 

colicin E2 for the times inuicated above the peaks. The co n trol 

DNA was centrifugeJ for 90rnin whereas the DNA samples from colic i n 

treated bacteria were centrifuged for 3h. The 30 and 60 miu peak s 

differ only in ma~nitude. 
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employed for investigating "Fr8i'J!l t" DNA gave reproducible 

sedimontation values of 40S and l+7S for control DNA 1n neutral 

and alkaline gr dient reap cti v l.y, both of which corresponded 
7 

to an origjnal double tranded DNA of molecular ight 5 x 10 

using Studier's equation ( see ·Fig. 5 111 ). This approximates to 

val.ue obtained by Saka.be end Okazaki ( 1966 ), Smith end Hanawalt 

( 1967 ) and Nomura et al. , ( 1962 ). Under the ionic conditions 

used single traril.ed DNA (denatured) had a slightly higher sedi

mentation value than double strand d DNA ( native ) ( Studier, 1965 ). 

The amowit of DNA used per gradient wu always less than 1 µg in order 

to eliminate concentration efteots due to aggregation, DNA/wall inter

action in the centrif\ige tub and rotor speed ( Burgi and Herschey, 

1963r Studier, 1965 ). 

Cultures of E. ooli RON prelabelled with ( 3iI )-tl:zymine 

were treated with oolicin E2, eampled at intervals am e.f'ter ly is tho 

DNA waa analysed uaing both neutral end alkaline uoroae denai v
gradients. The results are shown in Figs. 5 v, vi and vii. The 

sedimentation values of both native end denatured DNA were 

progreaaiv l.y due d on incubation with oolioin E
2 

( 3 ng/ml ) over 

period of 30 min, but there was a difi'erenoe in that the reduction 

in the case ot denatured DNA was detected. after 2 min incubation 

( Fig, .5 vi ) whereu no differ ncea fran the control sample re 

ob rv d in the native DNA until 7 m1n after the addition of oolioin 

E2 ( Fig. 5 v ) • Thi alkaline shift was more pronounc d at higher 

colicin cone ntr tiona ( 30 ng,nnl) Fig • .5 vii. Th ditterence 

betw en the reaul. ts on the two type of gradient after 2 min 

indicated t p aence of ingle strand but not double strand 

soia ions in the DNA h lix. 
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TABLE 5 i 

l 2 ' 4 5 6 

Colicin E2 Aoid preci• %con- Total counts % I COll"" 

( 3ng/ml) in- pitabl counts trol reco red in rec- trol 

cu.bation time in 0., 2J11 ~ t counts main peak over;y te 

bo:fore centri• for after ~tri• for 

t'ugation column 2 tugation column I+ 

pH 8 pH 12 

O min 1+0130 l I 32890 33010 83% 10 '10 

2 min 40SOO lOl;b 32130 31200 7 96 

7 min 40110 1Qq: 31580 31630 79% 9.5 

15 min 38910 97'1 32090 32010 83% 97% 

30 min 30120 75% 24130 23870 8 73 

60 min 23640 5 19590 18700 81 5 I 

a. Calculat d fran cold TCA precipitable material in 0. 5 ml 

of the orlginal cell auepe ion before lyaia. 

·~·,_ 

b. Frofil :f'ran whim the valu were deri 

g . 5vand5vi .. 

are shown in 

.After 5-10 min incubation the sediment tion velue of 

nati~ DNA :f'ra:n colicin treated bacteria progresaive]J" duced 

but was still greater than that ot the alka11n denatured DNA :f'ran 

the ame bacteria after 60 min. The recovery ot r dioaotivity 1n 

th DNA preparation after gradient centrifugation ia shown 1n Table 

5 1. Radioactivity was not lost from the DNA during the first 15 

min incubation of the bacteria with oolioin E2
, yet it w: clear 

frcm Fig. 5 vi that there w: a an appreciable molecular ight in

hanogeneity in th, DNA strands which manifested itselt a.a an increase 

in peak width and aseym try in addition to a decrease in sedim ntation 

value. 

A plot of the DNA molecular ish ta against tim or incu-

bation of cells with colioui E2 is shown in Fig. 5 viii. Th mole-

cular weights of aingl.e strand DNA prepared £ran cells incubated in 

the preaen ot colicin E2 at a concentration of either 3 or 30 ng,AnJ. 

fell rapidly with no detect ble lag, 'Whereas reduction of the ole

cular weight o"E nat1 DNA ocourred only atter a lag of .5•10 min. 

The concentr ti.on of colioin E2 i
n the incubation medium not only 

influemed the rate of DNA :frasnentation but also its extent. The 

molecular w ight of DNA i olated from oelle treated with colioin tor 

30 min at a concentration of 30 1'1gfinl had native mol ouler w ight 

of 2 x 10
6 

compared with 107 for DNA tran cell ineubat d in th 

presence of 3 :ng colioin E2 
per ml. Although there waa thia 

difference in molecular weights, the rrumber of' single a trend 

cis ion per duplex fragnent we.a between 1 and 3 for both oolioin 

concentrationa SZld 1ile whole _process ot single and double atren 

snipping was larg l3 over by 30 min. 
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FIG. 5 viii Decrease in molecular we ight of DNA from cells o f F. .coli 

after incubation with coli~in F2. 

Cells were incubated with colicin E2 at th e concen t rat i o ns 
i1&di.cated. The sedimentation values of single and doub l e stra nded DNA 
were dl:termined a:1ter alkaline and neutral sucrose ceut ri f u12:atio n , 
( FTGS . 5 v . vi &vii). Molecular weights were obta i ned usiug the 
formula of Studier (1965)~ 

ll1 

The in cold- id precipitable radioactivity 

fran ( 3H ) teymine lab 11 d cells incubated with oolic:in E
2 

occurred after a lag of 10-15 min and. was largely over aft r lh 

( Fig. 2 iv ), with the r sul t t t only 50-J0,;6 of the DNA remaimd 

id preoipi ble far 3-30 ng oolicin per ml. It interesting 

to oanp this wi h tho ob ervation that the DNA fragment molecular 

ight after 20.. 30 in incubation of cells in the pr enc of 

colioin E2 ~ 2 x 10
6 

- 10 7 daltona ( Fig. 5 viii ) and that no 

f'ral!J!l nt of DNA with molecular weight between this value and t 

of cold•acid olubl fragment ( 1. • approx. 5 x 103 da1 tona ) wer 

detected. Thi observation u t indicat that once the xonuoleaae 

baa attached itself to a particular piec of DNA, the breakdown to 

small acid- oluble oligonucleotidea was xtremely rapid and similar 

to that f ound tor T4 phage induced host chromosanal d gradation 

( Kutter and Wiberg, 1968 ). 

(b) thal proc s in colicin E2-F9 induced 

It was apparent fr<rn the studie reported o tar t DNA 

degradation induced by colioin E2 could be divided into three atagea; 

at ea I and II being limit d singl and double atrand endonuoleas 

step. It waa therefor 

necessary to dete:nnine which was the "1 tha1 step" r whim 

ett ots of colicin E2 could not b rev; raed by tryp in ( Ch. 3 ). 

Th method fer trypsin treatment w. imilar to that de cribed by 

Reynold and Reeve ( 1963) and is given in. the 1 g nd to Fig. 5 ix. 

The ahap of the graph of the viability ot cell incubated with 

colicin E2 ( without ubeequent trypsin tre t.ment ) againat tJ 

indicated tht rate of ad orption of ooliein molecule a to the c ll 

surt 

lla 

• However it at the t ea indio t the colio1n treated 

re incuba d with tr.n>sin before dilution, the uni"flll 
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FIG. 5 ix i;:ffect oJ trypsin on tile vialJilit,y o f E.coli tr ea ted 

wit h colicin F.2 

Exponentially growin~ cells of E.coli were incubated with 

colic.in E2 (3ng/ml) at a density of 3.10
7
ba~teria per ml and 

serially uiluted at i11tcrvals to preveut further adsorption of 

colicin molecules and hence determine the number of bacteria !:; ti ll 

able to ~roduce colonies on nutrient a~ar. Appropriate dilutions were 

plated out in triplicate 0-0. Sioilar co 1 ic in trea 1-ecl sarr.ple~ 

were inculJaLed with trypsin (2m~/ml) and 2:4 dinitroµhenol for 20mi n 

at 37°and then serially diluted and plated out as before,G-@• 

------ --------------- 3 .107 
bacteria/ml 

-;/- 1·0 

0·1 ~----...J.....~__;__,l._____ ____ ....1..-____ ____iL---..------------

0 5 10 15 20 
TlME (MIN.) 
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t there w: a. p iod during 

which tryp 1n ppar nt ly re:v d the ett et of oolioin 
2

• A 

oompari an ot th survival curve with tho showing the t poral 

d.eore ot molecular weight of nati DNA :f'ran bacteria 1ncubat d 

with colioin E2 ( Fig. 5 viii) ld ind1oa t once double 

trand breaks had occurred 1n DNA, the lethal ett ot could not 

rever d by trypsin. 

( c) Trypsin induced repair of col1o1n E2•P9 damaged DNA 

If the lethal proce s in colicin incllced cell death was 

the production of double a trend breaks in the chrano o then it must 

be po aible for cell to repair the 1.ngle strand le aiona produced 

initially. Addition of trypsin during the first 10 min to a culture 

of colioin treated bacteria reduced the extent of DNA degradation to 

acid•soluble tragmenta end if add d 2 min after th a.ddi ion ot 

colioin, completely prevented any ez:>nuclease aotivi ty ( Fig. 

4 viii ) • The repair proo aa in the Jre.senoe of trypsin waa toll owed 

by a.na.lyaing cellular DNA using alkaline-sucrose denaiey-gradient 

centri:fugatic>n ( Fig. .5 x ) • A cone ntration ot 3 ng colioin E2 per 

ml w used because under the e conditions there waa e. slightly longer 

and more distinct time lag before the appearance of double strand 

breaka 1n the DNA. The high trypsin oonoentrationa wsed were similar 

to tho preacrib d by Reynolds end Re s ( 196 3 aJ1d 1969 ) • T re 

was a leg betwce n the ad.di tion of trypsin and. the c a tion of oolicin 

E2 activity and if colioin action waa not stopped before the ppearanc 

of double strand breaks then the exonucleolytic irooe a wu 1n1 tiat 

and continued even after trypsin digestiai of oolicin. 

, I 
I. 

I 

I 
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Effect of tryps .iu on co.l iciu induced f1' aµ;mc11t.ation 

of single stranded DNA frum B.coli. 

Alkaline denat. DNA 
(single stranded) 

CJ . 

trypsin at 2minCI 

iJ 

trypsin at 5mino . 

~ try19sin at 10min ~ 

colic in E2 0 
control 
(3ng /ml) 

0.l.----'------l..-'----'----'---'--'----'------
10 20 30 40 50 

Time ( min.) 
( 3 11) thymine labelled cells we r e incuba ted with co l icin E2 

(3niz;/ml), after 2,5 aud 10 min trypsin (2mg/ml) was a d d e d as 
indicated. Samples were taken at i.utervals, lysed aud t h e DNA 
dehatured a11d centrifuged on alkaline sucrose density-gradients. 
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2 r the addition ot 

colicin E2 to E. coli, the 

5-10 min, al though at 

t tian value fell for turt 

with the colicin 

d control, and did not bogin to incro until bou 20 min 

att r addition of trypsin. By 50 the 

the D imne.r to initial ( 8 'cGr th and ill 

( 1966 ) for repair of UV damag d DNA ) • Addition of trypsin to t 

cul tur after 5 min incubation in the pressnco of a>lioin E
2 

did not 

ocmpl te~ inhibit a II of colioin induo d D de~ dation. 

The an 1mm diat reduction 1n tbe rat ot change of the • di-

mentation lue, followed by riod of no apparent degradation, 

probably a result oF competiti on between degradativ and repa.h

prooe • oocurring within the c 11. M er 30 min ther waa 

t\trth in th sedim. ntation 'Value. 

Trypein tr tm nt r 10 m1n inoub tion with colicin :s
2 

had ~ally no :f'fect on DNA degr tion. c-,.,,,....,, ........ bl a pl a 

analy ed on neutral•sucros density- gradient and double strand br 

r found in the preparations the 5 min but not th 2 min 

trypsin treatm nt. It would apl)ear probabl that one double trend 

ol av s occur , r over:, 1mpos ibl • 

(d) Buoyant density ot DNA £ran cell incubated with colicin E
2
-I9 

It of inte at t thi stag to detezmirls w ther 

colioin 2 alter the ondary truoture of DNA in vivo and in ao 

• 

do initiat d nucl attack. The theory behird t investi 1cm 

has already b en di oua th rei"erence to 1n vitro atud1 ( Ch. 3 ). 

DNA isolated fran lls incruba 1li th oolioin alX1 oentrit\J. d to 

quilibri in neutral C Cl or ca2oo4 e.s scribed in thoda 5 and 

g. 5 1v ( tube 5 ). T r dio otivity profil ia in Fig. 5 x1 

no shift in ean denai of the 

) 
I ,, 
I 

ii 
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FIG. 5 xi cs
2
so~ isopycuic centrifugation of DNA from colicin E2 

treated E.coli. 
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H) thymine labelled cells were incubated with colicin E2 

(3ng/ml) for the times indicated, harvested by centrifugation, 

lysed and centrifuged to equilibrium in Cs
2
so4 p!I 8.0 at 32,000 

rev/min and 20°( initial de1;.sity 1.4250g/ml). The arrows indica t e 

th e buoy ant density positions of marker DNA's; fo r a b br evi a tio ns 

see FIGS. 3 vi i & v iii • 
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trap nt af'ter colicin treatm nt result oonaiatent with the ,.m 
vitro observations ( Figa. 3 vii and viii ). It' pronaa treatment 

ot the cell lyaate wa left out there waa till no det ctable chang 

in buoyant denaity ot the DNA. Although thia la.at obaerva.tion 

eliminates the poaaibility of .any atrong prot in-DNA interaction 

imilar to phage 1 t does not eliminate fo tion ot more subtle 

protein-DNA oanplexea which would be dia aooiated under condi t iona 

of high ionic strength ( ae Ch. 3 ) • 

Although t mean DNA denaity waa not a.ltered by colioin 

2 th peak width increased end a skewness indicative of molecular 

weight and den ity inhomog neity became pparent. Thi.a peak aaq-

metry most pronounc din ca2so
4 

and was investigat d further 

since it could indicate apecifioi ty of nuclease attack t GC rioh 

regions leaving AT rich or light r DNA fraeplent oanpared with control 

DNA. It oould al o b the reaul t of incr d density inhanogeneity 

a.a result ot a d area.a in molecular ight as reported by Th 

and Pinlcorton ( 1962 ) tor small phage fragment and Sueo ( 1959 ) 

and Doty t al. , ( 1959 ) for sonicat d calf t}zymu end bacterial DNA. 

More recent investigations of this phenan non have used the Hg•Cs
2
so

4 
method of i ty analyaia ( Nandi t al., 1965 ) • Yi iahi ( 1970 ) 

found that E. 0011 DNA frasnenta with a oleculer ight ot approx. 

10
6 

varied in GC content fi'an 39 to .56, and that the .N1 rich tr enta 

were more m.imerous. 

The Hg-C 2so4 method r 11 on · the preferential binding ot 

++ ( Hg to AT regions in DNA t pH 9 • .5 e Gruemre 1 d 

D :vidson, 1966 ) and the re ult • of eJOh an ex:perlm t are ahown in 

Pig. 5 xii. Th.a ean density of 0<11trol and colioin treat d DNA wu 

inore ed 1.4260 g/ml to 1.5100 g,kl oonaiatent with a F.g+•/nNA-

pho phat molar ratio ot o. 2 ( Nandi t al., 196.5 ). 0 lioin 

tr ted DNA howe-rer n an a.a trio · , but thia tim the 

11 

I 
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Omo 
Hg /Cs 2S04 

density c 

1·550 g/ml 
30m 

' ' ' GC 
' 

' ' ' 1·500 ' ' ' ' ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' 

' 
1·450 j 
~ 

10 20 40 
Fraction No. 

Hg-caesium sulphate isop,ycnic centrifugation of DNA 

from colicin E2 treated ~.coli 

Lysates 
3 . 

of · ( H) thymine labelled bacteria treated with 

colicin E2 for the times iwlicatcd were mixed with cs
2
so

4 
pH 9.5 

containing 20µM HgC1
2 

and the DNA centrifuged to equilibrium at 

32,QOO rev/min and 20°. The final density of the fractions 
' >·1~ 

was tletermined by tne refractive index method of Sz.vbalski (1968). 

l 

;I ! 
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FIG. 5 xiii 

Isop,ycnic centrifugation of (a) Col. factor DNA p H 8.0 

(b) alkaline denatured E.coli 

DNA pH 12 . 5 

(a) Col. factor DNA c:l-0 ( MF.TH0DS 1) was centrifuged in 

cs
2
so

4 
pH 8.0 together with 

E2 for 30 min 0-0 . 

DNA from cells treated with colicin 

, ,·,. (b) DNA from l•~.coli treated 1.;ith colicin E2 for O and 20mi n 

was centrifuged in CsCl pll 12.5 at 32;000 rev/min. The density o f 

the fracti ons was determi ned as in FIG. 5 xii • 

ll5 

wu on the heavy side or the peak maximum consistent with the 

pre enoe of AT rich tramnenta and the results of Yemagiahi ( 1970 ). 

These findings eliminated th possibility ot peak aae,m tr,y 1n Fig. 

5 rl b ing due to pre:f'erential dittuaion o'!" small DNA t.rasnenta into 

the lighter ca2so4 or the result of artefacts ariaing t'rom fraction

ation ot a plea atter centrifugation or DNA/wall interactions in 

the centrifuge tube, etc. If nucl s attack were base apeoltio it 

would be expected that u ing the Hg4Ja2so4 method the degraded f'rag

menta would perhaps giv: rise to a. distinct econd peak heavier than 

the control ( ae Corneo t al., 1970 ). The result ot Fig. 5 xii 

do not canpletely el1minate thia poasibili\y but, together with 

similar results of DNA degraded by eonioation it would suggest that 

the peak ss.vmetries in Figs. 5 xi and xii were due to oanpoaitional 

inhanogenei ty as r aul t ot fragment tion of the bact rial obran 

Col. factor E2 DNA ha a molecular ight of 5 x 106 

( Bazaral,and Helinald., 1968 ) but we.a fO\.Dld to give an almost 

symmetrical profile after ca2so
4 

iaopycnic centri1uga.tion ( Fig. 

5 xiii(a) ). Therefore simply reducing the molecular w ight o:f' 

hanogeneous DNA woul d not cause asQmetry, it 1a becaua DNA is 

heterogeneous with .resi;ect to ita b canpoai tion tha. t amall frag• 

ments contain b e canposi tione widely ditterent fran the chranoaa:nal 

average. Isopyonic centrifugation under alkaline conditions ahowd 

an increase in density of DNA fragments fran control and colicin 

treated bacteria. ( Fig. 5 xiii(b) ). Tllere was no shift in m an 

derulit;y or the appearana of aeoond p ale consist nt with a aingl • 

strand base-apeoit'io nuclease, 

• 

11 
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Determination of B vatues 
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nr,. 5 xiv 

By using the data in f''TG. 5 xi, the reak whlth (w) squared 
is plotted against ilie fra(;Uunal peak height (y/yo). f3 is a 
cousta'nt for the gradient conti.itions used ( 'rhomas & Berns, 1961) 
a1,d was found to 0.36 x 104 for Cs2S04 at 32,0DO rcv/min in a 
SW50 rotor. The times refer to tl,e cell incubation times ~.ith colicin, 

( FIG. 5 xi ). The H value is given by the slope of the lines plotted. 
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Molecular Weight x 106 

Helationship between B values arid Molet:ular Weights 

The 11 values ( FIG.5 xiv) are plotted against the 

DNA. molecular weights calculated from sucruse corresponding 

density-gradient ceutrifugaiiun ( F'ICr. 5 viii) using Studier's 

equation ( 1965) ( o). The lines from tile open circles indicate 

the spreau in estimation of molecular weight using the eqations 

o1 Burgi aiid llersi•ey ( 1963) and Hubec,stein !! al. ( 196 1 ) 

------- • The only takes account of the Studier va),ues . T4J,!}NA 

was used as a s ta1,dard 
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It was of interest to ex>mpare molecular w ighta ot DNA 

tr~ts canputed fran a dim ntation through euoroa derudtzy"• 

gradients with peak widths obtained. after iaopycnic contrit\lgation 

waing th ethod or Thanas and Berna ( 1961 ) • . Me el on et al. , 

( 1957 ) originally fO\.md that the peak variance indirectly 

proportional to mol culs.r weight. B value were d temined by 

plotting th log ot the traotionaJ. peak heie)lt againat the peak

width squared aa described in the l gend to Fig. 5 xiv_. The 

dimentation molecular wej,ght of the DNA fi-asnent were 'then 

plott d inst the B values ( Fig. 5 x v ) am an apprc;,:rlma.t 

linear relationship w obtained which provi a uaetul oonfir-

m tion of t.he relative molecular w ights as 1gned to pu-ticular DNA 

fragm ta isolated f'raD. colioin tr ted cells. This method of B 

valu detemination ie only triot].y applicabl under conditions of 

try end Gaussian distribution. However despit the marked 

ak s ~try a workable relationship between B valuers 

weights was obtained. 

mol culer 

DISCUSSION 

The resul reported show t th!re t 1 ast three 

distinct at a 1n colioin E2 initiat d d gradation ot E1 coli DNA. 

Stages I and II involved the appearanoe of ingle a.r.d double etram 

oi siona in the DNA which may re lt fran the action ot either two 

cific limit endcnuol a or one double hit tmdonuoleu similar 

to D I ( Ch. 3 ). Theee two at ea o rlapped to xtent 

although stage I waa uaually ob_,..v1111tt 1n isolation during th, firat 

t 

rapid 

t a ot cell inoubation with oolicin. 

nucleolytio ttaok on the ota of' 

ol4-

III involved & 

a I am II 

ob rvable int 

I: 
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mediates. Exo ucl.ease activity waa detect d after a lag of 10 

min ard w largely over by 45-60 min, imile.r o T
4 

p in.due 

degradation of at DNA w r ther: 1 a lag of bout 5 min end the 

whol proce ia over by 30 in e:f inf otion ( Kutt r and Wiberg, 

196 ) • How . er the percent e of r a idual D left after thia 

at 1 only 12•15% with T4- p canpared with 25-:,0 t optimal 

colicin 0000 n tiona. Th initial lag p e with Q)lioin 

ve b n the sul t ot exonuole 

when stage II DNA f enta 

activity being initiated only 

~ aui table siz ( about 10 7 

dalton ) or could ha.v simply been du to a competition b tw 

r pair nd exoiaion proc sae • The nucleotide pool ot E. oolt ia 

resiatent to a r pid "cold" chas ( see Britten t el. , 1964) and 

since it has b ahown that DNA aynthe is conti.me for ane minutes 

a:fter colicin attack at low oolicin:cell ratios, ( Ch. 2 ), the 

appearanc of net exonuol e ctivity after a lag of 10 min Ul8J' be 

apparent rather than real. 

Stag I wa not the 1 thal process aooiated with colicin 

induced ll death aino the ingl strand le ions w re r pairable it 

th orbed colicin mole 

II irreveraibl and th 

Howev 

nt of d bl trend bre 

indirectly relat to th number of cell survivors. 

waa 

· -Obinata end Mizuno ( 1970 ) elao found that the ppee.rance 

of double strand breaks waa th! lethal prooe a of oolicin E2 attack 

but did not det et tho par te initial appearance ot aingl trend 

le ions and any conaequ nt repair on digestion of colicin with 

tryp 1n. Thia was probably to the £ et that 
. 2 3 

oolioin preparations wh1oh w re 10 - 10 more con:entrated than 

report abov • The t for alkaline 

. neutral sucrose ty gr dienta alao d ~1'e 1n that the ly tea 

for ol 
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rlraction procedur • Th molecular weigh of native D 1'rag-

nta could th refore be lowered lativ to DNA obta.med un r or 

oanparable oondi tiona to alkali tre ted c 11 and thue 

det ction or d.1:ff renc f'ran twic the ol c;,ul.er wei t of 

natured DNA. T tryp in treatment used by Obina.ta am Mizuno 

( 1970 ) wu only with low tcypa1n ocnc ntratio af r 5 in 

colioin incub tion and it hu be n report by Reynold an:l Re vea 

( 1969 ) that at suoh oonoentr tions there was under . rtain con

ditions potentiation of oolici.n activity. 

Foa ible nuoleaa involved in coliein E2 induced DNA degradation 

The ap 

with olecul 

nc t the nd of t e II of DNA tregnenta 

106 and 107 d.e.lto mq be r lat to 

the finding of Sey ski t al., ( 1966) that the ia a qyto ine

rich cl ter p 10 
6 

- 10 7 ds.l t ot • coll DNA and that the ma;y 

be th aite for initiation ot tran cription by RNA pol.3meras • 

Hence tag I and II could involve a cytoeine•apecifio nuclease ot 

the typ d scribed by Kutter and iberg ( 1968 ) e.nd Opara•Kubinska 

t al11 , ( 196.li. ) • This may indirectly acoo"Lmt for the apparent 

· d nsity heterog neity of DNA fragments reported on iaopycnio o ntri

f'uge.tion since deapite th apparent aimilarity betw n the above 

r ault on Hg-C 2so4 centrif\lgation am the result of Yamagishi 

( 1970 ) th_ degree or :fragnent h terogenei ty waa oampara.tive'.cy high 

for a frae,nen:t molecular eight ot approx. 10 7• Yamagi hi found 

that ab a mol cular weight ot 4 x 107, f.,.- enta containing 1h 

extr e bue compoait1on of 39% GC were not detectable, but below 

2 ~ 107 daltona they were. Howev r reduction ot fr t aize to 

2 x 106 daltona w n e au:, tor maximum rel aae ot 39~ GC tragmenta. 

Th oleaul.ar weight of the DNA fragmenta i ola ted trom cella after 



119 

30 min incubation with colioin E2 was confi.rmed e.s being approx. 

10 7 fr the B values. This would augg at that colioin E2 induced 

DNA degradation r leased 3 GO 'fr ents trom the chrome ore 

readily than eonic disintegration ani therefore involved an do

llUCle e with a certain degre of specificity. In other words the 

AT rich :rragnent do not ariae because of a oyto guanine ecifio 

endo and xonuol e,yst depriving 5 GC f'rag;n ta of cytosine 

and guanine but probably becs.ua the induced nuole fragments tho 

chrano 1n such a wey to rel pieces ot DNA the. t are alre~ 

hetrogeneoua. A oytosin apeoific nuclease would theref operate 

by electing whole genes ( Szybalald. et • , 1966 ) which wer hetero-

geneou with respect to aeh othe':• If it were a d that each 

fr8,81Jlent were hanogeneous, removal o~ the whole oytoaine rich clu ter 

( approx. 100 nucl otide pairs ) by eypothet.ical ~lease would not 

produo the drop 1n GC cont nt obs :rved above. 

The involv nt ot oyto ine apeoitio nuclease would 

explain wizy" '.1'4, DNA pre ent in colicin tre ted cella of E. coli 1a 

relativ, q resi.etant to d gradation ( Nanur 1963 ) since here the 

. cytoain 1 aubsti tut d by hydroxymet!vl-cytoaine and th oluat a 

occur with lOIJ fr qu ncy in T4 than in E. eoli ( Szybalski t • , 

1966; Taylor t ., 1967 ). H<m r there is an objection to thia 

compe.rison between phag and colioin induced br dom of D in the. t 

colicin action 1a in.de nt of protein l'Jlth i 1lhe 

induo ho t degradation is inhibit by chloremphenicol ( Ch. 4 en1 

\uw.u:·a .=,.;.....;;;;;.·•, 1962 ). How ver although T4- i.nduc d DNA degra tion 

i dependent on phag ap cit'ic protein t is, it dee a n t 

oea ily foll that nuclease• used are coded tar by the p 

genane. It is po ibl.e t p • code prot in is ne to 

otiva a cellul • 
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used in RECOMBINATION 
(with endo II '?) 

large MWt 'fragments 

10~10 7 
MWt fragments 

. ' 3-5 

1 3:._5' 
2 assoc. with DNA polym.. 
3 Stirn by 4 dNTPs 
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Colio1n E2 has no ndo or .xonucl lytio activity m, 

vitro ( Ch~ 3) and for d1 cu r by colicin 

E2 initiate th d gr tion of • coli DNA, 1 i hwhil o 

idering which of the DNas a so far char. cteri d may be in 

( s e 1.g. 5 xvi.and Richa.r on, 1969 ). 

originally an tracti candi te for the init.lal ta.ge of DNA 

d gradation sine 1 t is lo in the r ion of bet r1al 

m bran ( Oh. 2 and Cord.onn1 r and marcli, 1965 ) and i in-

hibited by tRNA ( Lehman t al., 1962 ). But b oau e (1) there w a 

no detectable de~ tion of RNA during the first hour of oolicin 

induced DNA degr dation ( Ch. 2 ) , (2) the DNA in e.n endonucleas I 

def'ioient mutant M degraded a eff'ioi nt l.'Y af'ter col icin attack as 

the wild type ( Ch. 2 and Obinata and Mizuno, 1970) and (3) endo

nuolease I was peoi:fical'.cy' involved in a aingl hit cleavage of the 

DNA dupl · ( Studier, 1965J Melgar and Goldthwait• 1968 ), it 1a 

unl~ 13 that oolicin E2 a.ct a by removing tRNA and activating thi 

enzym • 

donuol aa II ( Hurwitz et al., 1967) produce ingl 

strand aoia ions in nati DNA and ia t inhibited by Together 

with endonuole I IV ( Fig. 5 xvi) it appear to involv d in .,. 

c bination of T4- D ( • , 1968 ) although it ia 

synthe is on T 4 infection after ho t DNA degradation imilar 

activity ha b en found in non ... infeoted • co.11 ( Friedberg an,. 

Goldthwait. 1968 ). Thi observation, tog tber 111th the t'J.nding 

t t cert in UV enaitive and recanbination d ficient mutants ot 

E. ooli are re i tant to oolicin E2 ( Ch. 2 and Threlfall am Holland, 

1968 ) giv • aupport to the hypothesis tlat e:ndonucleaae II or a 

involved in atage I of o:,lioin initiat b ak
==v.wcs fal into this ua.1-aa~~:y 
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isolated from E. ooli and M. lysodiekticua and m ve b n implicated 

in the specif'io endonucleol.ytic degradation of UV danaged DNA 

( Takagi et al., 1968 ) and mitomycin C cro alinked DNA ( Venitt, 

1968 ). 

Endonuolease IV peoitical:cy attacks single tranded D?w\. 

and i bel ed to fi-asnent double stranded DNA after endonuclease 

II has cleaved ingle tranda of the native DNA and these single trand 

snipe have been opened up by a limited exonuolease, thus revealing 

localised regions of single etranded DNA in the duplex molecule 

( Sadowski et al. , 1968 ). The f'rae;nents produced are large and 

have been reported as 104 nucleotide pairs long ( 6. 106 
da.ltons ) tor 

lambda phage ( Hurwitz et al., 1967 ) . However as mentioned earlier 

a cytosine speoi:fic nuclease is also posaibl 1n the initial at e • 

Other possibilities are the reatricticm eneymes that enable 

bacterilll cells of one train to deatrpy DNA ayntheaieed in foreign 

strains. In this context colioin E2 may act by making native DNA 

appear foreign to i ta own cellular restriction mechanil!lll8. Endo

nuclease III is a well characterised example and functions in th 

re triction of lambda phage ( .Meselson and Yuan, 1968 ) • Thi e:rayme 

i known to initiate aii,gle str nd. breaks and to be de ndent on ATP, 

Mg++ and S-adenosyl methionine. It is well established that oolicin 

E2 induced DNA degradatkin is inhibited by metabolic inhibitors aich 

s dinitrophenol ( Ch. 4 ) and colicin K ( Nanura, 1963 ). However 

exonucleasea II and VI are activated by al i four deo~ucleoaide 

triphoaphates ( Rioherdson t l. 1 1964.; lG.ett t al. , 1968 ) • .An 

intere ting eJq)eriment 'IIC>uld be to inve tjgate the effect of colioin 

E2 on the Cairns mutant or DNA po]smeraae mutant ttat were teot1: 

in nuole activity ( mber , 1969 end per onal canmunication 1970 ) . 
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The reaul ta with phlea:n.,yoin and mitCIJJ1'cin ( Ch. 4 ) uggeat thlt 

xonuol aaea I, II and VI are not involv d in oolicin induced DNA 

breakdown but this is m tirely oirolma tant ial.. 

The exonuoleaae involved 1n tage III could resemble 

xonuclease IV ( org naen am Koem.er, 1966 ) which 1 known to 

d.egr cold acid-insoluble oligonuol otide rapid.lJr to mononuoleo-

tidea whil t b 1Dg relativ l,y 1naot1 on natd.ve or den tured DNA. 

Th work of Obillata and Mizuno ( 1970 ·) has sh0\1111 th\t 

there 1a 1'10 activation of known deoJcyribonuole ea or change in sub

cellular locations of the e enzymes during ool1oin E2 induced DNA 

degradation. There w even no si~icant inor e 1n ndonuol 

activity in crude extracts of colio:1n E2 treated E. coli 1100 ( i.e. 

endonu.ole I detici nt ) • Colicin E2 must therefore 1 ther alter 

the at t ot DNA, ao that it is rendered uaceptible to a potentially 

aoti nuol ase ~ten, or interfere with the deli.oat 1y balanced 

cellul~ control m chanisna, o that nuclease nonnally aoti ve in 

E.coli, but only under strict control in repllo tion ( exo-

nuol a II and IV ) , r c bi.nation ( endonuolee.sea II and IV ) , 

repair ( ndonuol e II and an exonucleaa ) and r etriction ( endo-

nuclea.ae III), a 

the bacterial chrcmo 

ig. 5 xv:ii, b 

• 

uncontrolled and rapidly atroy 

The results d scribed with isp_pycnic centrifugation sugg at 

that DNA waa not denatured or damag 1n a way s:imil to that ea: d 

by UV irracliation. The specifio binding of DNA. to bran aa 

therefore inveatiga d in Ch. 6 aa a t'urthar cl to tb., ot 

action of oolioin E2 regarding an alteration 1n t ata.te ot DNA. 
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Effect of colic1.n E2-.F9 on the aociation o£ WA and the bacterial 

membrane 

INrRODUCTION 

In 1963 Jacob, Brenner and Cuzin postulat d a tunotional 

association of the bacterial chromo e with the oytopla ic m • 

brane and this ha.a now been subatanti ted in E. ooli am Bacillus 

subtilia ( Gane an am :u.derberg, 1965; Jacob, et al., 1966a 1th 

and Hanawalt, 1967; Tremblay et al., 1969; Knipper.sand Stratllng, 

1970. It therefor e ed. logical to inveatigat the effect of 

oolicin E2 on the assoOiation ot its biocbmioal target ( DNA ) with 

the cytoplasmic membrane. It could be J:\Ypoth sised that oolioin 

induced DNA degradation occurred a a reaul.t ot an alt r tion 1n 

DNA/m bralle as ooiation. 

The methods employed for inv at1gat1ng DNA/membrane can• 

plexea have largel.;y involv: the a paration ot m brane attached DNA 

f'ran bulk DNA by sucro densit.Y"•gradicmt centrifugation. The 

membrane ociated DNA dimenta f'aater and ia collected either in 

the fom. of a pell t at th bottan of the c ntrituge tub ( Geneaan 

and I.ederberg, 1965 ) or on a 6 ( w/v ) uoro e ( Snith and Hana: al t, 

1967) or CaCl ( Knippers and Stratling, 1970) cushion which 

selectively collecta membrane fr ctiona t th interface betw en the 

oushion and the l a dense linear gradient, · but allon whole eel.la, 

apheroplaata and l o 11 

at the bottom of the tub • Using thea m thoda Ganeaan and 

I.ederberg ( 1965 ) end Snith and He.npalt ( 1967 ) 1 lated cell 

tx otiona associated with portions of DNA rich in ly 

a_ynthea iona t oleoul 
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labell DNA with 

m brane fractions 111 depen&mt on i.ntai:a:nent of cell lyaatea 

b fo centritug tion by vort a&J.c,a...&. .......... Qr w1 ~h pronaae' ( th 

an1 Hanawalt, 1967 ). t'T'Ct:na!!le is found to canplete'.cy- die iate 

any DN.Aftn bran o pl x tran B. ubtilis ( C.aneean end rg~ 

1965 ) ut baa only · alight tt ot with E. coli ( 1th and Hanaw t, 

1967 ) xcopt to "clean up" gre.d1 t protil ar.d to e~oh 

brane fxta.ction with n ly aynthe ed D. naee 

to r Dd th DNA.An bran ocmplex from E, coll more susceptible to 

:lng. It ia important t ise b re 

( presunably at th 81:te of nrplic tion ) and that which non-

P ifically u ociated w1 varie y or bran tractions d 

aiol a .. 

......,.;;;;;.;;.;•, ( 1969 ) have uaed an ent:lre'.cy- cliff nt 

crystal ccmplex s with c rtain membrane tractions end their aepa.ration 

on ucro density.gradient to give "M batlda". By itHlt DNA will not 

complex with the cr,yatala ut will when 1n aa ooi tion with m e. 

Uaing apheropluta of ... B•;........w......,.. ......... 

arkosyl, Tremblay t al., ( 1969 ) tound that over 90% of th o 11 

DNA was eociated with the Mg-aarkosyl cq tal fraction ut o.nlJr 

10... ot the cell membrane. It waa aho that thi 10.,o,;, of the 

cell w enricbed with n :cy- ~the 1a phoapholipid a.nd 

th t DNA wa.a aseociated with thie portion of the menbrane conai tent 

with postulated as ooiation of the eit ot replication and cell 

division, ( Jacob et 1., 1963J erle and Lark, 1966 ). 
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The xperiment deaorib d in this ohapt enmim th 

ef'feot of oolicin E2 on th ooiation of pulse and wdformly 

lled DNA with c 11 brane tractions using the two thoda 

above. 

ffE'llIQPS 6 

( ) Le.b lling o£ cell DNA and ~-··""'•..,,t with ooliein E2-P9 

he D of tially growing cul turea of , coli ROW 
t 

• uniformly lab lled with ( m tb;yl-'11 ) teymine t 5- 10 JlCi/ml 

( ap oitic activity 1 Ci/1 ol ) or ( 2-14c ) tbymidin at 0.1 _µCi/ml 

( peci.tic activity 5. 6 mCi/nmol ) described previowsly. For 

pulae labelling of D , ( m thyl--'H ) tlzym:1.ne at 1 20 JlCi/ml 

( specific activity 13. 75 Ci/mmol ) w uaed. In experiments 

double lab lling t chni were u d by fir t uniformly labelling 

cell DNA with ( 2-140 ) teymidin for ~ gener tion until the cell 

denaity • 3 x 10
8 

bacteria per ml. T ( 14-c ) labelled bact ria 

harvea by c ntrituga.tion, wu d and incubated with treah 

di cont ining 200 pg O.JYad nosine per ml but no tlzymidine for 

10-15 min. The cell were then pulsed f'or 3()--100 sec with the high 

apeoifio activity ( thyl- 3ir ) t~ine. Aft labelling. th 

culture diluted tenfold with sh ed:hJm containing 100 _µg wi-

an 10 colioin E2 per ml so that the cell 

rla per Ill. Undex- the condit1 

por tion of high apecit"ic a.otivity leb l into DNA oontinu d for 1- 2 

min ta in the control r, dilution whereas t 

colio1n inoubat oella ~•-"" incorporating label at a. reduced r te 

appro 30 dilution ( a Britten t al., · 1964 ). 10 ml 

ali ot• were taken t intervala and diluted with an qual volumes 

on e.1n1ng 10 KCN ( T-CN ). The oella 

in l """"''".,.,.."'~~ 3()1') ( w/v ) • 

, I 
I 
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0 am 1 mg lysozyme per ml an:i incubated for 15-30 min at 37 in 

order to f onn apheropl t • Occasionally oel ls the. t had be n 

incubated with oolicin E2 fCfl.' longer than 30 min n ded up to 1h 

lyaoeyme treatment for oanplete convereion to pheroplaata. The 

apheroplast Ill penai0ll8 were lyaed by dialyei at i..° ( Hanawalt and 

RaJr, 1964. ) against ooessive change of (1) NET/l.O buffer pH a.o 
for aucroae cushion m thod of Snith end Hanawalt ( 1967 ) or 

(ii) TMK butter pH 7. O ( 10 _ tria-HCl J 10 _ magne :bJm acetate; 

100 _ KCl ) for the "M band" method of Trenblay et al., ( 1969 ) • 

(b) otionation at DNA/membran oan'Olp using the aicro.!... 
cushion method 

Tbe oell 1y at s w tre t d with pronaa and/or sheared 

u r quired ( e text ) • Further dialysis against NET/lC butter 

after tre ent a:, described by Snith and Hanawalt ( 1967 ) waa found 

to b unneceasery and aggregation of the DNA at higher aal t concen

tration ( 1 •• NEr buffer ) was min1mal ( aee Stud.1 r, 196.5 ). 

P.rona.ee ( Calbioohem B grac2e ) was prepared at 4 mg/ml 

0 in NET/10 buff r and used at 100 µg/ml at 37 tor 15 min. Mild 

ah aring of the cell 1yaate achieved by vortex mixing :in 15 ml 

c ntrifuge tub on a Whirlimixer ( Fi on'a, Icughborou 

30 o. 

) tor 

'l'he auoroae gradient w re made up on NET/10 butt'er and 

conaiated of either 22 ml or 4. O ml .5-20% ( w/v ) linear auc.n,ae 

naity-grad.ient on top of a 5 ml or o.8 ml 6~ .( w/v ) auoro e 

"cuahion". 1.0 ml or 0.2 ml trea d oell- lyaat was layered on 

o the appropriate gradient am centrifuged in a SW-25 or SW-50 

rotor on a Spinco L2-HV ultre.centritug at 5.10° ( see text ). 

The tu content• were tre.ct:lonated and the cold- oid p oipitable 
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TABIE 6 i 

Faotionation of ( 3H ) th.Ymine labelled DNA 

Cell incubation Iqaate treatment % radioaoti vi ty as ociated 
with membrane fraction 

Uniform ful 
label label 

None 80-100 100 

- Pronaae 40-50 100 

+ " 41 24 

- Pronaae+0. 1% SDS 16 77 

I + " 6 22 
1' 

- Ironas +0.5% SDS 0 1 

- Shear (vortex) 10 89 

+ " 18 78 

- P.ronaa and shear 6 10 

+ 
It 5 6 

• Shear and pronase 10 53 

+ " 6 15 

... control cell 

+ cells incubat d with colic in E2 for lh. 

.. --~--L. 
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( o) FractiCl'lation of DNA/membrane canpl xe USY1,g the "M band" me hod 

.After dialyaia against n.m: butter, the l.yaat was tre :ted 

with pronaae ( in TMK butter ) a deaorihed above and a O, 2 ml sample 

lay red on to O, l ml o. ( w/v ) sarkoeyl detergent ( aodium 

lauroyl sarcosinate NL ) on top of a 4, 8 ml 15~4010 ( w/v ) lin er 

sucros denai ty-gradient ( preiar d in TMK butter ) • The ).Jraat 

was gent).Jr stirred in with the d. tergent (:final concentration 0, 1% 

( w/v ) ) and crystals we s en to form. Occasionally pre.formed 

Mg-sarko~l crystals were used and 1:he reaul ts were· unchanged. 

.After formation of th Mg•sarkoayl membrane oanpl x, the gradients 

were centrifuged for 30 min at 20° in a s· 50 rotor at 20,000 r(,v,,1nin. 

C ntrit'ugation waa almost .to equilibriun ainee the bouyant density 

of th cry tal canplexe ( corresponded to bout 30% ( w/v ) auoro • 

After deceleration, there we.a thin white band half way down the 

tube. The gradients were fractionated into 3()-31 x 8 drop ampl 

using a peristaltic pump ( 80 ml/h ) attached to a needle whicn 

pierced the bottan of the tube. This waa necessary becau e of the 

viscoaity of the M ban:i and recovery of cold aoid•inaolubl radio

activity was only 40•50% of the J.a.ye red 1y te. Howe r the OI.Ult 

of oella per gradient ( 60-100 µg dry w ight ) waa oonaiderably leaa 

than that used by Tremblay t al. , ( 1969 ) • 

RESULTS 6 

( 

fore tu(\y1llg t affect ot oolicin E2 on the aaaociatian 

of DNA am the bacterial menbran, various control av-•t 
atiga to t :nnine' the pretr tment ot cell ly at a n ded to 

obtain a tiafactory distribution b twe n the DN.A/m ibrane 

and the unaasooiated c 11 D 

ctiona 
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FIG. 6 i Effect of colicin E2 on the fractionation of uniformly 

labelled DNA after pronase treat~ent of the cell lysate. 

(
3

H) thymine labelled cells were incubated with colicin E2 

for o h 0--0 and 1 h --II and the spheroplasts lysed by the 

dialysis method. The lysates were treated with pronase ( except a 

control sar:iple ) and centrifuged throui;h neutral sucrost:: 

gr·adienfs(contaiuing sucrose cushions - indicated by the dashed 

line above) in a SW50 rotor for 2h at 4<>,000 rcv/min and 5°. 

'('he tube contents wef·c fractionated and the cold-acid precipitable 

radioactivity determined. Approx. twice the amount of lysate from 

the colici.n treated cells as tlie control lysates was used • 
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It the cell zyaat was centrifug d directl3 at'ter 

dialyaia, p,:-elabelled bulk DNA waa fow:d in norurpeciric aggreg t a 

with other cell tractions. DNA distributed throughout the 

sucro e cushion region and tailed P83 into 1h linear gradient 

without the appearanc ot any distinct peaks ( Fig. 6 i ). &onase 

pretr atment hOlt'ever ae.i;arated the two types ot mA ao that about 

40-50% ( T bl 6 i ) appeared aa a di stinot peak at t1- auo.roa 

cushion intert oe, Fig. 6 1. This m bran associat d DNA wae au -

cept1ble to deter nt treatm :t, so that 0. 11' SDS r a d pproz. 

60% of the m brene bound DNA whilst 0. 5% SDS ca:wsed total rele 

( Fig. 6 ii ) . B.lla lab lled DNA edimented entir zy With the 

m brane fractions etter prona.ae treatment and was mor resistant to 

rel by 0.1% SDS ( Table 6 i ). Shearing alone reduced the 

m brane aaaooiated bulk la.belled DNA to pprox. 10% ( Table 6 1 ) 

and increaaed the molecular inhcmogen 1 ty ot the unaa ocia.ted DNA 

with consequent increase in peak width ( Fig. 6 v ) • Pulse 

labelled DNA wu rel tively unaffected in its a.asooiation With m 

brane by shearing but longer vortex tre 

min ) reduced this to approx • 

reaul t ot com.b1ning the o t 

nt ( i. • gr ter than 2 

tm ta dep,nded on 

order in which y were given ( Tabl 6 i ). If pronas waa dded 

b for shearing the aaaoai.ation ot pu1 labelled DNA with m ran 

W considerably la.bllised, 0 tmt only l J remain cJ, after aring, 

at the cushion intertac • 

ed to 6 

Bulk labell DNA t the intert'ac wu 

dig tian after shearing the 1-Y te had 

virtually- th same ett t aa · ahearing alone, except that pulae 

labelled DNA aooiated with m brane waa reduoed by prox. 40% 
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FIG. 6 ii 
( 3 11) th,Ymine labelled eel.ls were i1:..cubated witl1 colici n 

F:2 for Omin -0 and 20min .0-0 and the spheroplasts lysed by the 
dialysismethod. The lysatt~s were treated with pronase followed by 
0.1% SOS ·--c except a control sample Wllich was only treated with g r o na.se) 
and ccntrifuµ;cd for 4h in a SW25 rotor at 25,000 rev/min and 10. 
The percentuge of the total cold-acid precipitable radioactivity f ou nd 
at the cushion interface is indicated under the appropriate peak . 
The S values were calculated from the equation of Nomura~ al .( 1962) . 
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The first ayat us d for atud31,ng ffect ot oolioin 

2 involved prc>nase tre c 11 ly ate, Bulk 

labell DNA howe ah d virtually no ditt nee tran the oontrol 

on incub tion of c 11.a with colioin for up to 90 min ( 1g. 6 i ) • 

Thi gat1¥ result el1minated ·th pOssibility t bulk la: 11 

DNA would becane dissoci d :fran them ibrene beau of a reduction 

in moleauler size und r the e oonditione, inoe after 30 in inou-

b tion with oolicin 2 the DNA ent eiz after l,yai was con-

iderably reduced ( ig. 5 viii ), Vortex ix:in,g must t h ret'ore 

cau a r duction in bran associated DNA by hearing the DNA ott 

th ibrane rather than jut f'rasn ting th DNA olecule • 

I f how: er the dialy ed lysate :f'rom oolicin tr ted o ll.a 

was ubjected to mild detergent t atment ( 0. 1% SDS) after pronase 

digestion the amount of unifomly labelled DNA remaining attached to 

membrane waa reduced compared wit h the control ( Fig. 6 ii ) • Thia 

labilisation only occulTed after approx. 20 min incub tion ot c 11a 

with colicin E2 and the l percent ot total DNA lett aa ooiated 

with th mt'lllbrene remaimd constant ( 5- ) after ,O min inoub tion 

with colicin. It waa al o observed t t under the experimental 

conditions u plexea 

ediment lowly" a.fi; r inoub t1on of c ll. with colioin; in-

dicating • r duction of brane fragment aiz ( Fig. 6 ii ) • 

The ob rvat1ons t.hat o lla did not readily form phero

plaata after incubation with colioin E2 and that the pheroplasta 

once farmed were ore osnotioal:lzy' stable canpared with control sphere-

plaats ( Ch. 5 and No t al. , 1970 ) led to an ddi tional inve • 

t1gat1on into the ffect of deter: nt ~ is met da on DNA fraction• 

action. 

acrib 

Cella incuba d w1 th oolioin E2 were ly 

in Ch. 5, ept t r IDl'A-lyso 

ua the tho4 

a ent, e 
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FIG. 6 iii 

Effect o f mild detergent lysis on the fractionation of 

unif o rmly labelled DNA from cells treated with colicin E2; 

(
3

H) thymine label led cells were treated with 

colicin F,2 for Omin A:--:.o. ; 30min 0-- G.l ; and 60 min 0-0 

and l,Ysed as d.escribed in ME'l'HOOS 5 except that after ED'l'A -

lysozyme treatment the 'cells' were'titrated 1 with SOS to effect 

lysis , (._ final concn. 0.05-0.1% (w/v) sns ) and pronase was 

omitted. The lysate was centrifuged for 16h in a SW25 rotor 

at 25,000 rev/min. Only about half the control radioactivity 

is s liown. 

g 
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Effect of colicin r2 on the fractionation of pulse l a bel l e d 

DNA after pronase treatment of the c ell lysate. 

65°/o sucrose shelf 
( membrane DNA) 

30sec RUl se of 
3 ' 
H-thymine followed 

~ by 3ng/ml colicin E2 
I 

'°' 
\ I 

free DNA 
\ (J ' 
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I I 
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0 //) ' 0
60min 

~ ~ , 
CJ 

~'o20 rnin ot!!J' 
,o.O' 

0 & 10min 

10 20 30 
FRACTION NO. 

5-20°/o sucrose graal ient 
r 3u) thymine pulsed cells were incubated with c ol icin B2 f o r 
the times ind i cated and the spheroplasts lys ed by t he d i al ysi s 
me t hod • Tile lysates were treated with pronase a n d centri f ug e d 
o n th e above grad i ent f or 2 h ina SW50 ro t or a t 4 0,000 rev/m i n. 
( Only one third of the radioactivity from the O & 10!T'in cells 
is show n .) 
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cella were titr t with SDS, pronaae not iJ'lclu 

The ly tea w re ana.]J' by the sucrose cushion thod of centri-

fugation aJX1 the di tribution of unif'omlJ' labell d DNA 1a shown in 

Fig. 6 ill. The control DNA formed a sharply defined peak at th, 

cuahi intertec after long .oentrif'ugation. rafter 30 in 

incub t ion with oolioin a cond was ob rv d which had 

aedimont tion value betw n 20 el'ld ,OS ( s e Ch. 5 ). The percen-

tag DNA rele • fran m bran remained t approx • .50~ but after 

60 min incubation wit h colicin the DNA/membrane fra.gmmt edimented 

slight]Jr aboVi th cushion ( Fig. 6 iii) . Th obaervat ione con-

f d t r nte crib d in Fig. 6 ii. 

So tar the experiments wit h colic in E2 were carried out 

using un1f'ormly labell$d DNA, however by pul labelling DNA i t ia 

poa ibl to atu~ the ff ota of ool.1o1.n E2 on the newly ayntheaiaed 

region ot baot rial chrano • advantages in that 1 t 

can be aaaumed that this region of the DNA will be more specifically 

ooiat d with the m brane. Th r ault obtained using pul 

lab 11.ed bacteria and the dialyaia method of ~ is were quite d1:f':f' rent 

fi'an tho e wit h atea.a,y atat label ( Fig. 6 iv and Tabl 6 i ) . 

1:t r oo11o.1n incubation and 11 J.yaia, pro as added, it waa 

found that tte.c nt of 1 1 d DNA to the m brane waa 

labilia a. Similar to th 0. 1 1 SDS tt ot tor uniformly labelled 

DllA, thi labilis tion tteot w ae not obs 

after ad ition of oolicin E2 to th pu1 e 

d until pprox. 20 in 

broa ning f th DNA p at the cushion 1ntert ooaurred. 

ntually a di tinct cond p bo the cushion 

after lo r lioin incub tion t ea ( Fig. 6 iv),. but thia peak 

aedim ted lightly tu r than a ociated DNA fi'om uni:f'omly 

lab ll imi C iona. 
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Effect of shearing on the fractionation of uniformly 

lab e lled DNA ' from cells treated with colicin E2 . 

(
3
H) thymine labelled cells were treated with colicin E2 

f o1· t he times indicated and the spheroplasts lysed by the dialysis 

me thod. The lysates were vortex sheared for _;:30 .sec aud centrifuged 

f or 3 h in a SW50 rotor at 40,000 rev/min. 
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FIG. 6 vi 

(b) 

PRONASE 

pulse 

1·0 1·5 0 
time 

VORTEX 

pulse 

0·5 1·0 

Effects of pronase and shearing ou the percentage of pulse 

and uniformly labelled DNA associated with the membrane fraction 

of colicin E2 treated cells. 

The percentage pulse or unifor'llly labelled DNA s edimenting 

at tl!e sucrose cushion interface as described in F'TGS. 6 i-v was 
3 

Jetermined after cells had been incubated with colicin ~2 ( 3.10 

molecules per 6acterium) for the times indicated and the 
. ,..-,~ 

lysates subjected to pronase or vortex treatment. 
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in percentag pul e labell ooiated 

lla with olioin E
2 

1 shown in 

The 

with membran 

Fig. 6 vi( a), A re 1.dual 20• of the pul lab lled D r dned 

iation ~ DNA frcm 

colicin E2 action, ( 

colicin attack but again thia dissoo

oonda.ry eft et ot 

cusaion ) • 

If' hearing ot the ly,s t f'ran colicin treated bacteria 

was substitut d for pro.naae treatment, pulse labelled DNA remained 

St!Oeiated with brane ( Table 6 1 ) , howe r the peroentag bulk 

la.bell d DNA associated wit h membrane after ehearin.g incre ed with 

colicin E2 incubation aiggesting a partial protection of membrane 

as ocia.t d DNA againat colicin E2 inluced exonuolea attack, 

( Figs. 6 v and 6 vi(b); Tabl 6 i ) . If however pro:na e digestion 

u included 1n th 1y t tre tment aft r 8h aring then there was 

a slight crease in ran asa,ociated DNA after colicin attack 

( Table 6 i ) • Thi w probably the reaul t ot new'.cy Qntheaised 

DNA being more readily detached fran the menbrane 

oolioin attack owing to pronae labiliaation of 

a re lt ot 

ttaohnent point. 

It therefore ;ppeared that newly synthesised DNA was speci:t!call,y 

attached to a part of the m brane inst d of non- peoifioall,y 

aociat d with the total m brane fraction and ,r partially pro• 

tected against colioin induced degra tion to c ld oid oluble 

fragments. This b;ypothesia was t at d ore fu1)3 1n ection ( c). 

Pronue digestion be:for vortex shearing reaul ted in 

almo t total depl tion of bulk and pulse labelled DNA f'ral1 the 

m brane b: otion and colloin had no detectable ttect O!l, thia 

( Table 6 i ) . ' 



. ' 
N 

I 

0 
~ 

X 
.,--... 

I C 
[I E --U) ......, 

u ....__,, 

~ 

FJ G . 6 vii 

16 

14 

12 

10 

8 

6 

4 
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complex 

\ 

49°/o-

37°/o 

' ' Free DNA 

2 

0 

0 

100 200 

Drop number 
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-t colic in -1 O mit:1 
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Ce l ls were uniformly l abelled wit h (
3

H)thymi ne ~nd i ncubated 
with co] i c in F,2 for Omj n A-i:.. ; 10mi n 0-0 ; a n~ 20m i ': 0 - ·. 
The cell lysa te.s were treated with pronase and. mixed. wi.th s a r ~osyl 
on t. lie top of the above gradient. centrifugat1o n was f or 30mi n at 
20,000 rev/min in a SW50 rotor. 

(b) aotionation of DM}membrene 
th colicin E2-F9 uaing the' 
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incubated 

After investigating the ettect ot oolioin E2 on DNA/ 

membrane association u 1ng the sucrose ouahionmetbod of Smith 

and Hanawalt ( 1967 ) it was decided to use the method develop d by 

Tremblay et .al., ( 1969) whioh i-el ies on epe.ration ot menbrane 

aaaociated DNA tran unassooiated DNA by }zydroph~bic interaction of 

m brane pho pholipid with th waxy magn eium arko~l crystal• and 

not 1"a.st r ed.1Jn ntation ot membrane f'ragm.enta canpared with un• 

ooiated DNA. 

T dimentation profile of prO?la.8 tre t dial.ye d 

ly at s are Olf1l in Fig. 6 vii. R covery ot cold• cid precipitable 

radio ctivity wu 1 owing t.o th!J viscosity of' the M band end app ent 

aticld.ng to the tube walle. The bulk labelled DNA pr t in the 

band w s pprox. 50,o of' the total DNA in the control. This wa muoh 

lower than that ported by 'l're:nblay t al. , ( 1969 ) , probably due 

to the fact that the E. coli phere>plaata re omotioalzy lys 

before pipetting on to the gradi nt an1 the DNA was bj et 

to a certain ount of ah ar. Thi diatri tion wa obtained both 

n the qaate wa.a mixed with pr onn d when 

mixed with tree aarkoei,yl deter ent which then f'anne cr,yatala due to 

the ++ in the ]Ja te buffer. Iu•ia of pheropluta dir at]¥ on 

t a.rko yl detergent waa 

unaatiafactoz,- a.nd prod.uc d ared rofil • r colioin t at-

m nt littl chang ob erved during the fir t 5 m,in.. Th percen-
'\ 

tage 0£ c pl ~ d DNA approximat to the control va:i.u ot 44-56 
After 10 in oolioin t tment this pe a.g of plexed DNA b gan 

to deer and by 20 in had uopped to a 1n whioh 

1 

b relat d to tho o 

, 



FIG. 6 viii 

Effect of DNf labelling time on the apparent colic in R2 

0
/ 0 

3H acid sol. after 2 h 
induced DNA degradation. 
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The perce1,tage colu-a<.:id p r ecipitable radioactivity lost after 

2h incubation 01· cells with colicin R2 ( 1.10
3
moleculcs rer 

bacterium) is plotted against the length of the labelled region 

in the DNA ie. the duration of the labelling time expressed as 

as a percentag·c of the cell doubling time ( 40min ) • 'T'hc 

e rnpJ.sical points are.compared with the theoretical plot wl:ich 

assumes a 10% protected region of the chromosome (see text ). 
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irreversible change in the cell membrane in.duo d by oolicin E 
2 

ocCUXTOd after 5-10 min incubation. Interpretation or thi 

result howrever was not unambiguous ( see discussion ) • 

( o) Efteot of oolicin E2-P9 on newly yntheaiaed DNA 

Similar experim ts to tho described in ction ( a) 

were perfonned with DNA that had b n unit'omly labelled with ( 14c ) 
and p.u.sed with ( .\ ) • It shown that the ( -'II ) labell d DNA 

wa more r aiat~t than the ( 14c ) labelled DNA to degradation aa 

m asured by a decreaa in cold-acid precipit le radio otiv.t ty, 

( Table 6 ii ) • The etteot of increasing the duration of the 

labelling period with ( methyl-3H ) thymine on the pparent per

centage DNA d gradation induced by colioin E2 is hown in Fig. 6 viii. 

It waa shown that all pulse label did in tact go into DNA and it ia 

clear fran the e re ul ts that the exonuolease attack on the DNA t'rag• 

menta produced in stages I and II of colicin E
2 

tta.olc ( Ch. 5 ) i 

not randan eince a rand.an mechanism would predict that the pparent 

d gree of DNA degradation would be independen"t of the traction ot 

DNA f'ragments labelled. The results also eliminate azzy- eohani.sn 

· similar to that proposed by Fanner ( 1968 ) for actinai,ycin D 

initiated degradation of DNA, wbe it waa found that u the 1 ngth 

of puls t1m incr d the degra_daticn of radioactive DNA into cold-

acid oluble 

The a:lmpleat int rpretation of Fig. 6 viii waa ttat the 

t rec ntly lab lled DNA, i •• that attached more pecit1oal]3' o 

them :b~ , w. resistant to colicin E2 induced exonuol ue attack. 

nie increase in th percentag bra.ne bound DNA a:tter shearing 

lyeate tran wtltaz,nly labelled cells incubat d with oolioin E
2 

( Fig~ 6 vi( b) ) 1a conaiatent with this interpret tion. 

f •' • •' • •,' ''•'I •' • • 0 • ' 1 • • • • • 
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T ble 6 ii 

P.roteotion of newly ayntheaiaed DNA frail colioin E2 indooed 
d.egr dation 

ruration of ( 'ii) label 

Control 

+ Colicin E2 incub. 

45 min 

90 in 

Ratio of radioactivity ( ( 'ii) pilae/ 

( 14a) unifonn ) 

30 8 100 ec 5 m1n 20 min K 

0.13 0.47 1.52 0.53 

0.21 0.72 1.78 0.57 

0.27 o.89 2.15 o.63 

~ C lla pulsed with lower activity ( 3H) t}zymine 

TABIE 6 iii 

Control 

0.5% FEA. (90 min) 

• 8Jllino- ac1 (90 in) 

~ uniformly labelled DNA 
as ooiated with m brane ( after 
pronaae trea nt) 
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If thia is the explanation, th it ahould b poaaible 

to caloul te th resul that one waud expect if ( i) 10% ot the 

total c 11 DNA was apeoifioal'.cy attached to the bra.neat the 

r plication siteJ ( ii) this region of DNA remained ttaohed to t 

embr after oolioin induced frs.epientation an:l w aubj, et d to 

a gradual 1nor in prob bility of b ing de . ded into oid 

soluble trial frcm total protection at the point of replio tion 

to 60 degradation at the d of' th m ,brane attached region, 

1.e. tbe .ovorall average degradation of this protect d gion would 

therefor 30; , and (111) the re tot th llular DNA which w 

not p~teot d by eny specific menbrane association d gr ded by 

6 

Therefore if 20% of tbe o 11 DNA i labell 4 and uming 

one replication point, the fir t 10% will bed graded by 30 whilst 

the last 1 will degr by 60 Thie gi: s an overall 

gr daticn et 45 ' The theoretical~ thus obtained ( Fig. 

6 viii ) ahon a basic similarity with th experimental point but 

a true theoretical ourve should take account ot thei'e probably being 

· JD.Ore than one replication point. Since the eul ture wa not ~-

chronoua fraction ot the oella wwld divide dur t pulae t 

and hence e lab l would ocour in parental DNA atrenda. However 

thl.a should not affect the abo result a ince it ia u d tram 

Ch. 5 that parental and daughtor DNA atranda are degraded qual].y 

once a particular £'rap nt has n 11elctct by excmucle • 

Att pta t ll aynohroey by amino acid etanat1 wer unauccea -

t'ul ( e I.erk, 1966 ) • 

A simple test of the eypothesia would b to pul a short 

r gion of the bacterial DNA and oh thia with unl b 11.ed th;ymine 

for varying t b ore incubation with colicin. e eypoth ia 

woul predio that u t pula 

, 
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region 1 t would bee 

ot 600 However pul /chaae xperiments with E. coli are notorious 

in that the internal nucleotide pool doea not equilibrat rapidly 

with oxog nous precursor ( e Britten t al. , 1964 ) • A turther 

canplioation that th pul ed. DNA would move out tran on 

prot oted region and into another if the were multiple repli tion 

point r ohran e ( a e BU incorpor tion sul ts, Ch. 4 and 

Caro, 1970 ). Thi ppa.rentl,y impl ex:perment was thoro:f'or 

unauccca ful. 

DISCUSSION. 

T evid no presented in previous ohaptera and by 

Obina.ta an:l Muuno . ( 1970 ) suggests that oolioin E2 may work by 

ini t1at:lng an alter tion in th tate of DNA. .Aa coliain E2 1a 

known to bind sp oiticall,y to or near to the oterial inner bra.ne, 

poaaibl paint of attack coul4 be tre it (a) at which the DNA i 

aoeiat wii;h the m brane. 

The result from the experiments just described on the 

isolation of membrane associated D are difficult to interpret 

becau of di tinguishing betw n :fir t the ~oific binding ot DNA 

to a l region of membrane at the replication point the non-

peoific ranc3om u ooiation ot DNA with embrene aubt'raotiona and 

icl - du to 1 olation t ahniquea; and seoo1;1d _the ett et ot 

ooliein apecitical],y acting on the e1 te ot ohrano attachment to 

the menbren and the effect of DNA fraeplent tion on the apparent 

degree of DNA a ociated with membrane fre.ctiona. 

T brane a ooiat n ot pus la lled DNA mq be 

u cific atta.c 

• relati reaia t o prona.a, ah 

d il r pro treat-

f·· •' •, ,, ' I • .•'r,•, , ',,.' • ' • ' • 

• .. ~ 
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ment conaiderably labil d th pparent attaohn t ot the pul 

la.belled r gio to 

aubj ot to vort x tr 

aub quently 

Th rid or · e1n 

a eociation ot pule lab 11 DNA aft r 10 min incub tion ot cells 

with oolioin E2 { Fig. 6 vi(a) ) how a distinct re blance to 

crib d in Oh. 5 

( Fig. 5 viii). Since 1a probably only on att bnent sit 

on t eociat with r plio tian of the chrano and 

th ctual size of the sicbJal DNA etub left ter sonieation ia 

l ( Dr •• Deni l, 1970; oft total c 

rao.nal camnuni tion) t ft et of colic1n on brane ociation 

of pula lal'>elled DNA may sul t ntireJ.y from fragment tion ot the 

DNA. How r the length of the pul d region us d in th abov xperi-

nta was .!n the order of 1 of' the chrCID.o aa at•ted fr t 

pul time • It 

could t r ore al b argued t t inC'Uba:tion o th cells with 

colioin labilia d th D.NAfiuembran attac:an~11·t point to p,ronft!le tr t-

ment in cont t to vortex tre nt of the 11 ly ate tore 

incub tion with pronaae. The . imilarity in ldnetio of doubl 

strand snipping and DNA/m ran diasociation may b due to their 

both ing th r eul t ot en initi a y, t unknown phenanenon a• 

pon ible forth initiation ot oolicin induo DNA d gradation rath 

than t latter being the result of the to er. The results ot 

No t al., ( 1970) on the t e course of baoter:1al apheropla.at 

m bran, stabilisation by oolioin E2 would support this l\Ypotheeia. 

The re on the apparent prot otion of n, ~ ayn heaia 

DNA 

licin atta 

1 f'fect ot p netl\Yl alco l ( Ch. 4 and Tr ioh an1 

netaka 1964 ) • Frelinina.r,y in at tiona with pheneteyla.lcohol 

. ' 

!•••••'" ft ,I•,••,~:·,-, II IF 11•,, --: -. ~ •, ''"'"•••••, • '• ,, •• ••••,•••,• ,:, 0 • ~ 0 •! O •''I• t,~ ... :"' •,• o,I• -~....... . 
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did not support the ohranosom /membran t ohment theocy ho ver 

( Tabl 6 ill ). his prot ction of DNA hicb. i pecifioall.y 

bound to the membrane is contrary to the result of Farmer ( 1968 ) 

wit actina?zycin D induced xonucleolytio degradation of the chr o-

s daught strand and Hana: 1 t ond Ray ( 1964 ) who found that 

newly ynthe ised DNA was mor uaoeptibla to shear and denaturation. 

o xplanation is offered at this stag except to 03 that oolicin 

E2 pro bly alter the state ot DNA by labili ing it specific 

attacbnent to membrane t arda prona but in addition the ly 

ynth ia d DNA at thia sit ia protecte ag inst colioin induo 

exonuoleaae. This lt ration 1n th a tat of DNA ma,y b the result 

of sane aubtle membrane oontonnational change induced by oolicin 

( Changeux and Thiery, 1967 ) • Thi i particularly levant to 

the result or Ch. 4 on phenethyl alcohol ensitization of cells to 

colicin action, since this membrane-aoti antibacterial ent has 

been suggest d to :interf'e:rewith the structural or initiator proteins 

at the replioon sit ( Lark and Lark, 1966 ). 

The results with uniformly lab lled DNA can be larg ly 

explained from the behaviour ot pul 

ot oolicin E2 on the brane. 

labelled DHA and the ttect 

ona.a t tment do not aU et 

th non-apeoific ooiation of DNA f.'r8.f!JD. nta with menbrane, but thia 

aa ooiation ia considerably l 111 ed with r apeot to det r g :t 

irrespective of pronas p treabnent ( ig • 6 1; ii and iii ). 

Thi r fleet a a chang in th mmib con utent w1 th tbe resul ta 

diacu a d bo • I t 1a intere ting howe r to contrast this 

bra.no fr&[!JII t labili aing etti et tmrard d tergent with the atabiliaing 

c licin ff t on whol sph roplut ranea report d b7 a et al., 

( 1970 ) ( Ch .. .5 ); and on wh l cell • with r et to 

( Ch. 4 ) • 

. r. ... .. , ,.. ..- ,, .,,~, --:-- :-:-----· •,· ..•.. , . .. ·•.·· , . . .. 

.......... ~-.. 
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T apparent relati 

labelled D 

in m bnme bound bulk 

nt or the ly t from colic 

treated ce.lla ia consistent with the protection phenanenon of 

nenrly ayntheai ed. DNA, Non- peoitio a iation of DNA. with 

brane aft r o ll ly 1a appears to be ver.v enaitive to shearing 

and partially eenaitiv to pronaae tre tments. rane bound DNA. 

speoi:fically ound b haves l 

pul labelled DNA end is protect d against colioin induced 

The relative inareaae in m branc ooi t d DNA 

a.ft r incubation o£ 11 with oolicin 1a ar oour e boliah 1t 

pro e 18 added to the l.ysat , inc this ue r lease of the 

pr.:>t et d r giona. 

The reaul t of th9 earkosyl crystal z;perimente may be 

interpreted ae t'leoting d association of bulk la 11 

D with ibrane b cau of DNA fraEpnentation. The ef:t'eot could 

al 0 du to a oolioin indu d al tion in DNA,,in br tt oh-

m nt or the fact that onl;y growing brene lti.11 c pl x with the 

d tergent ory t la ( Tranblay t al., 1969 ). However the formation 

ot fllam ntou cell tonna with oolioin E2 would indioat that 

the i was not rapid ef:t'ect. 

- - - - - - -----.r· • '• • •,' '' ! O' • •,•;•, I' ' ' ',' •. , , , •, •' •,• • •,. ,., , , ', , ,•, ' •• • ' ' ' 'r o I l,t t -, ,-,:-;-;;, ' •,• ~-
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luritied colio:tn E2 preparationa were in at 

pl\Y9ioal similarities to deteotiv phage canponenta by electron 

icroaoopy ( aee Bradley and Dewar• 1966 ) • There no 

observable pliage-lila, particle and a reprea ntat1 piotur of 

t amorphoua appe:ArAnae of colicin 2 ia shom in t plate 

below. Fhage BF23 ia ahown tor comparison since thi phag ia 

b 11 d to u the receptor eit a as the E group colioina 

( Frederioq, 1957 ) • The negative taining and electron micro-

gr ph w re done by Dr. D. Ellar. 

0 

1000 A 
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CONCIDSIONS 

The results reported in thi theais aholir that th mode 

Qf ction of colioin E2 cannorc b explained by ~ of the familiar 

mechani o-r direct interaction reported fer other antibiotic • 

Colicin E2 kill aensiti: atraina of E. ooli by a single hit 

prooeas; ( one hit oc:rreaponding to approx. 100 colicin oleoulea 

per b cterium ) , whilst apparently remaining near the c 11 aur.faoe. 

It induces a three stag degradation of th bacterial chranoaane, 

the lethal event being the endowcleolytic oJ.eavage of both DNA 

atra.nde ( Ch. 5 ). The initial ingle strand oiaeiona are 

repairable on removal ot oolicin aotivity from th cell surface 

by tryp in digestion~ 

Th initiation of nuoleas attaclc on the chrano ome by 

colioin E2 must be the result of a mor primary biochemical inter

ction, ainoe colioin E2 poasesaea no nu.cl aae otbity in vitro. 

The primar,y biochemical action of colioin E2 could involve (1) an 

activation or decontrol of pec1fic endo- exo-nuole yatem or 

(ii) a change 1n et te of the DNA so that th ohromoaane ia rendered 

su ceptible to alreat\y' aotiv nuoleasea. 

The first po ibili\y ia in keeping with the membrane 

transmiaaion ~at ( Holland 1967._) which proposes that colioin 

interfere with th delic teJ,y-balanced cellular control mechanisn 

at th embrane l 1, o that mcleea a nonnallJ'" pre nt 1n E. ooli 

but only u ed under trict control 1n' repli.o tion, recombination, , 

repair aul re triction .beoane unoontroll d1 ( analogoua to cancer in 

an1mel cella) end rapidly destroy tho b terial ohrano e. Dir et 

otivation o~ nuole a wu not observed by Obin.a.ta and izuno 

( 1970) but a ntrol proo a 11 atill ey oh a po ibility • 

.: . -- . :..: ·~~---. - ,. ..... . ' · .............. ,,,,.-, ... . . ' ' . ,., .. ·· . 



The s cond possibility can encanpasa a variety of 

interactions of DNA with colicin E2 o aa to alienat the eh o

san t'ran ita vital nuclease ey tems or it could involve certe.1n 

colioin initiated changes in environment ot DNA so that macro

moleoul.ea such a membrane and protein normally nece aary for the 

correct f\motioning of the chramoaane altered in their 

relationship with DNA. The results reported in Chs. 3 and .5 how 

that DNA i not denatur d by colioin E2 in Yitro er m£, although 

d1r et int otion of colioin with DNA i sugg steel in Ch. .:,, but 

only under non-pcy iologioaJ. ionic conditions. Theee result 

together with the trypsin reversal effect atud.1 d in Ch. 5 euggeat 

that colicin does not penetrat the cytoplasmic membrane. A 

oolioin induoed alteration in the speoifio attachment of DNA to 

membrane could initiate ruolee.se attack but the results reported 

in Ch. 6 suggest that th1 1• probably only a seconda.r.Y etteet. 

The effects of other chemical agent on oolicin E2 induced 

exonuol olytic d gradation indioat that no new :nuclee.ee are 81Jl

the ised in re pons to oolicin tt$.Ck but that the mu:leu qat 

invol d 1a inhibited by int rcalating drugs. The effects of 

phenetcyl alcohol and novobiooin are interesting 1n thlt they both 

in rfer with m ibraiLo and DNA metabolism and hence 1n aome way 

st1mu1._te oolicin induced DNA degradation. 

The primery e~t ot ot colioin E2 ap to b on the 

membrane and probably involve very subtle changes that will ~ 

b s tiafaotorily inv tig t d using more aophiatio ted techni 

such as 1 otron pin re onan ( Calvin t al. •. 1969 ) d the 

developn n of an 1n vitro msnbrane traction rs,y 1n which th! 

etfeoi;s of oolioina may be more apecif icall,y locali d and oba . .-rw,._u__ 

In conn otion with hia 1 t aaibi i int ting tt et ha 



been obaerved by Fre r t 1 •• ( 1968) and Dr. D. lar ( 1969; 

pereonal canmunication ) on the physical appearance of membrane 

preparations after treatment with oenain torlna ani embran 

active ag nt • Th recent 1'0rk of Bhattacharyya et al., ( 1970 ) 

on isolat d membrane ve iolea and colicins also present int resting 

po aibili tie • 

A canplet · xplenation of' the mechanism of oolicin ction 

may have to wa1 t for an advam in b io thodology and the mol -

ouler biology of bran a and t 1r a oci d a riou "control 

circuits". The dit'fioultie hempering research into animal cell 

diff rentie.tion and oenoer ma:r rel ted to those limiting a ore 

fundamental investig ticn of colicin action. In both cases re earch 

is at present limited primarily to an invest iga.tion of etteots rath!r 

than oaus • • 
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The prot in antibiotic colicin E
2
-P) w iaolat daft r 

itan,yoin C induction from a colicinog nio train or ;;;;.;:.;.:;.;:.;;;;:-;::::::. 

gg!!. Kl2 and pn-1.ti d using ion orumg chranatography on DEAE and 

s phadex foll d by ~drQJr;Ylapatite. It 

pol,yo.crylemide•g 1 elec phore 1, dimentaticn ana.l,yaia; G200 

phad.ex ORD. Its pr biochemical effi at as induction t 

DNA degr dation in a naiti strain ot E. coli IU2., Thia 

degradation w: inhibit d by din1 trop nol, b ouraoil and certain 

alcohol. Chloramphenicol, mitO!l\}'cin m phl anyein d little 

eff et. Cell maoranoleoula.r synth is was oncy af:f'eoted at high 

colioin E2 cone ntra.tions. 

Colicin E2 induo d xonucleolytio degradation of D 

d tected after lag ot 10-15 min. S1ngl atrend soiaaiona w 

r.ormed in DNA within the first f minute incubation of et ria 

w1 th colicin, toll d by doubl atra.M br a.ft r about 7 in. 

The ingl trand lesions repairabl on removal of colic 1n fr 

th . cell surf ce with tryp in prior to the doubl atram. 

production of dou strand l ions bre · in t D? 

irrev raible l thal nt in oolicin E2 initiat d cell de th, Mter 

,O min ~ tion of cells wi h colioin, ndonuole e otivity d 

and the DNA ent ize bad been reduced to 10
6
-107 daltona. 

U 1ng o aim. ohlorid and sulphat i opy~nio centrit'uga.tion t mA 

during thi time w ahown not to be tured al thou de i iv" 

inhanog neity of' fr8iPl ta implied r 



13 synthe ia d DNA le naiti to col:toin 

induced exomol olytic d gradation but its sociat:l.on wit.h the 

bran fraction 1 bilie on incube.tion of c lls with 

colioin. Unifonnl,y lab lled D 

the embrane after eolioin attack if th cell ly ate w ated 

with ild de rg nt, but thi as secondary :f'fect of colioin 

aotion. 

In vitro tudiea have ehown that colioin E2 has no e.xo

or sidonucleol,ytio aotivit:L a, howe r it does bind to nati e DNA 

in low ionio tr ngth buffers ahown by ocmplex binding to nitro-

cellulo filters, DNA m lti.ng curves and m a8UI'ell'lenta. Colicin 

E2 also lowered the DNA ltillg temper ture under certain conditions, 

whil t it own thermal denature.tion was prevented by D. • ORD 

m asurenen 1 opycnio trit'us tion indica t.h t aolicin 2 

does not denature DNA in vitro. Studie with 1n vitro oolicin 

tre t DNA as a sub trate for DN and RNA po]Jme have shown 

slight at1mula.tion and inhibition respectively. 


