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Abetl'aots 

~ruacntel work wu done to ettc..,ipt to isolate turther 
mutants or the argtnine l'Ogulatory gene 1n eeb.erlc.bia coli w 
or the some type aa o otl'81n known ea \r2•250. Tb.le autent 
carries the argr" i-ogulatol'y gene which contel'8 upon it the 
diminished ability to ~epreee or derepreao ite org1n1ne 
bioaynthet1c enzyceo. 

Experimental work involved eetabl1s.h1ng n suitable ethoc:\ 
o~ exaggerating the slow growth i-ate or this otra1.n on the 
arginine intermediate N ·-acetyl-L-ol"fli thine, euoh tbat th1e 
could be the baeio of protectins simils:C' mutants when eeleot-
1.ns them from a pnront strain (W2-40) 1n a penic1ll1n select­
ion procedure. Thia wae ach1eved by arow1ng both etl'a1na 1n 

cUphn 1c a mediWJ containillg 15ug/cm3 of L-arginine and an 
excess (30ug/cra3} of acetylomJ.thine, 1n \'Jbich it was round 
th.at the argR st1"81n entered a premature stationary phase 
when the urgin1ne v,aa exhauste<! but the argR sti-ain continued 
growth et a aloweF rate than noz-mal 1n tbe neetylornithine . 
It was elao f'oUM that a culture of' r.2-250 which J'M:ld entel'ed 
this stationary phase coul d be diluted 1 :1 in fresh minimal 
edtum + acotylornitJu.ne and still rc.:Jaln 1n o stot1onary 

condition ror up to 24 h0Ul"8. 

Kutonts of str.a1n i'/2-40 prodl.lced using ultrav1ol~t light 
nre cycled twice t.hrough a eyate.u involving th1e stationer., 
phaee in tUphaeio ood!um and dilution 1:1 1n f'reeh medium+ 
5()0 units or benzyl-Den1c1llin/cm.3 in order to aelec't ago.inat 
the parent•tn,e. FUI-t.ber oelect1on was carried out on 
Ddnimal ager plates upplemented w1 tb. acetylorn1 thine all4 

canavanine on Which the parent etrain Will srow, but the ard 
tne 1• 1nhib1t~4 unt11 arg1n1nc wee e.4ded to the ager. The 
ooloniea Wb10h appeai-ed et tbie atase 11ere ocroeno4 on 
wriouel.1' ellJi)»lement solid sae41a to eeleo\ t.boee J10at 
like w2-250 .. 

Tboee •elected on theae cr1teria were then •oreened 
uains tbe aoet.7loml thinaae 88887 and tbo 41~1o modlwa, 
wl t.h 2•250 1ncll:de4 tozt oompar1aon. 

A tot.al o~ nine p0aa1b2e tanta or \he dealre4 t;ne 
were leolatect, bat probleu with tb.e prepuatton ot ..,_, 
aacaplea preola4ed derinl te 4eo1a1on on the1r J.denU ~. 



In the course of thie work 1t ae also diecoveJled that 
on ersa bradytl'opb ( 2- 2~8) could behave Bioi larJ.y to 

2- 250 in d1phne1c ?led1a. It was also :round that thel'e 
wae oome tl'anaferable "hctoi-'* 1n the edium ot cells hich 
had renehed. the premature otetionary phase which could 
prevent t'Urther gl'017tl'! of either w2-250 or \/2- 25/8 in 
non- repreas1ve minimal mediwn. Thia 1s diacuaeed. 1n 
detail . 
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Introduction, 

The arginine bioeynthetic pathway of cber1ch1a 
0011 has eight enzyme cato.]Jeed etepo 1n uhich Z,..tJlutamic 
acid is converted to L-arginine (56,65,67,68). There ere 
eight correspondlng structurol genco, one for ecch of~ 
eight er..zymeo {55,68) \7hich are partially ecottered and 

partially ocottered at five separate loci on the cenome (73). 
In addition there arc ueneo involved in control (24) coding 
i'or permeaee8 enzywee (59,73) and £or t:1ve arginine tranoter 
RtlA • a { 12) and tl1e1r eynthetaoe ( 15). Thero ia also an 
additional gene {arg I) for enzyme 1'our (orn1tru.ne trane­
carbomylaae) which has been oappcd in E, cgU strains n {22) 
and K-12 (53). {see tablee AI & A-II in the s~pendix.) 

The arginine pathway ia controlled b.1 a repression 
( 58) meClumism in which the protein product ( 33, 54) of the 

l'egulatory gene areR ( the opo-reprcosor) interacts with the 
corepreesor arginine (24), or even its :1rccuroora (6,43), 
and tnia then interacts \"/ith tile protein a.rnt11caiaing mach­
inery iaaking tho ara1n1ne bioeynthetic enzyoee, causine their 
cellular levels to decre~sc (45,58,61). The reverse 01' this 
(derepreosion) occuro in t he ubsence of on external suppl y o!' 
arginine, although the oyste.J io sensitive to tne internal 
levele ot: orgin.1ne (48). This foro 01' control occurs in 

E. coli strains \4 , Kand c (36), and io "neentive" inaot'ar 
ao the regulatory cene product snitches the otructural 0enee 
ott under appropriate condi tiona ( 1,2). J.orrever there 10 

some recent ov1denco tor the existence of a second rcc;ulat­
oey geno for the orc1nine path ay in ·, coli (8), this be1tl8 
the gene argll or arg 4' Which wne bollevod to codo for an 
inducible form ot ornlthine tranecarboaylaoe 1dcnt1cal with 
th.ot produced by ors 4 (5,19,37,63). It appeaN that a 

tent vereion of thia rcgul to17 gene wae responoiblo ~or, 
cnusing tho er 4 gene to induce hile 1 t did not prevent 
represa1on of all the other otroctural encs (8). Tho 
gene tor arg1n.vl-t- IA ynthete.ee also the control o~ the 
arglnine regul.ntory senee (15) are aynthetasea tor 
leu.011, prolyl on4 eth1oll8l t- A' a h.ieh el.' 

ae , , .x. ( 1965) ederntion c. 2!i - 1240 



control or tbelr reapective resulatory genes (4). The 
8l'gln1ne senee are eeen to increaee their cellulsl- levels 
toaethel' et the onset of derepreao1ve conditions (57,58) 
but 1n a co-ordinated but non-1)81'allel ta.abion (61), unlike 
h1et1dine genes wbich 1norcaae both co-ordinate~ end in 
parallel (.3). 

In strains Where the internal eupply ot arginine 
from 1 ta 1ntermed1ateo ie normal, the enz,mee will reach a 
partially repreeoed "poieod" level (48), but in otrains 
where th1e aupply 10 1ne.4equate tor normal srowth (reatr1ot-
1ve) the ~e reach t'Ully derepreeeed. levele (45). 

'l'his behaviour appllee to the e1milar arginine 

regulatory patterns ot E. coll atreine, w, K ond c 1fh1ch baVe 
the arga• gene (,36) but not to etraine with other allelic 
f'oraia ~ the orga•. For 1notance tho or~ allele 1'ound 

in 11 coli etrein B confers upon that strain tho property ot 
slight 1nduc1b111 ty of all the arginine otructural genes 1n 

the presence ot nrs1ntne (24). An arsn; allele can be con­
verted bye single point mutation to an argn• repreooible 
type (36), which euggeota that induction and repression are 
closely related phenomena, a conclusion already arrived at 
from etudieo of" the "inducible" om1th1ne-tranacarbamyleae 
(63). A e1ngle point mutation can also convert tbe argR+ 
(repreeaible) to the argR-, (50) which canters const1tut1ve­
nees ot the m-g1n1ne etl'Ucturol genee: 1.e. the genes are 
1'Ully derepreooed 1rrospect1ve ot arginine. Such ergR-

etl'aine 8S'e recosnleed by their rcaiatan.ce to the oratnine 
anelosue canovenine (So). A derivative ot en ,E, coll 
argR+ etrain ia the strain w2-250 which .boa the umaua.1 
reS11lato17 seno erg&.¥-end ezhlblte clSminiaW repreu1b111t3 
and 4erepi-eaelb1llt7 or the Cl"gin1ne etroctural sene• (Daoona 
pereonal oonmm.tcauon, 62,68) J tbia toature reeemblea the 
control patteme ~ a trJptoplaan mutant except that tble 
llllltant baa a leaion in tbe trn,to~l-t• A•e,nthetue 
gene and not tn the "trn, a• ,ene. OOl'S.nt an4 hla oo• 
worJceN ('6) b.a'ff produced eoae umeual aras•(:1-12)/arsRn 
hybrid allele• Wh1Ch cauee .tqbrid contl'Ol pattern.a euch ae 
hl&b level tn4nc1b1lit7. 



fhe arsin1ne tunct1onal group~ senee (a regulc:m8 ) 

beoeuee ot their seperateneee on tbe genome ore a 1DSl'ke4 
contraet to moot other known functional groupe ot genee wh1Ch 

tall into eingle cluatere termed operona. Thie latter tel'lll 

comea rrom the theory ot Jacob 6 Uonod (34) oltbouah tbe 
conoept or o»erational olueter of contiguoua genes caao tram 
Hartman (29). Jacob & llonod envisaged a regulatory gene 

~oding tol' e soluble subetenoe 11h1ch had the .tlmction of 
ew1teh1ng oft a Sl'O'lP of contiguoua genee When the correct 
con41 tiona pi-evnil by interacting "1th a control ei te at one 
end or the opel'On, termed the opo,Nltor o1te. such a model 
au1 ta the bis t1d1ne eyetem with 1 ta single t'unctional group 
ot genes (3,39) but tbe ara1n1ne Ngulon la ocattei-ed, but 
1e Wlder the contl'Ol or one regulatory gene, ouch that one 
operator or its equivalent muat be preeent for each group ot 
genes et leaet (61). In tact one operator mutant, the only 

one so f'ar in the arginine system, has been 1eolated tor the 

ergI gene, and thie eho•s dimin1ohe4 repreeo1b1llty ot the 
argI gene only (38,53). The single cluster of four arginine 
genes (21) lo actually two regulatory groups (16), one ot 
ergE only, snd the other of argC, tl 4: H ( 10) • the latter 1nc1d­
entally havine ite operator sited at the oppo81te end to that 
of other known oultigene operone 1n §, coli (3,11,9,64). 
Ho ever it 1a possible that the arginine genee come together 
into a spatially close group in the cell, which would 

t'ac111 tate eoelei- control ( 63,64) • 
In the original conoepUon of' Jacob & otlo4 • a model, 

it waa propoee4 tbnt the regulatoz-7 gene pl'04Uot onrted 1te 
etteot at the eite ~ tbe operator-aene DNA. a e1tuat1on oalle4 
tranaoriptioaal control, wh10b. le uue ~0%' the laotoao operon. 
Howenr there bee alnce aooamulated a certain elJIOWlt ~ 
mdenoe about tbe aratnsne patblrQ Wblch auueeta tba~ 1w 
reaulat.o17 sene l)N)4uot aate ai the le-tel ot tranelatlon ot 
a-BRA into protein. It la ennaaae4 tbat tbe acme, the nbo­
aoae, tile aNaenaer and otbar reoton f'oa the protein­
a,ntbe•1•ina coaaplas upon WhiOb the ~ end erpn1ne act 
1n oancert 4UMDB rePl'Qa1an (Vogel-68, Bee AX>POD'Sz, alao 13 , 
28,52). fhia __,1u ror the arg1n1ne e,-tea bu non bee:Q 

eeen (47) in tbe eleOtl'on-alcroeaope. t.be nature ~ the 

-. .. , w.1t. • ow:t, j..J . ( 1964) J .1&o1.B101. A - '65 
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I. §.JR,rAAgntal I 

Prooe4ural Plan. 
A. Growth studies to aacertein the m.oet suitable 

conditions tor the 1eolat1on ot mutonte of 2-40 
which bebavo like the eraR strain \';2-250 

1n liquid m1n1mel media and subsequent develop­
ment of o pen1c1111n selection procedure . 
1-\lrther selection procedures on solid edia 
supplxiented \Ti th eanovmune and acet3"lorn1 thine 
develo~ent o'f: ultraviolet mutti«oneeis procedure . 

B. Ieols.t1on o~ new mutants by t.he applloatJ.on or 
the methods devised in A., t.he1r e:nut1erat1on. 

C. Development of the ocetylorni thine nos~ procedures. 
Screening ot new o train w1 th respect to theil' 
aeetylorn.\thine act1v1t1es W'lt..or repreae1ve and 
dere1,,:re881ve oond1t1ons and their growth pattern.a 
in diphae1e media, as compOFC'i n1th stand81'd 
strains. Aeeeaement or all data on new mutsnte , 
selection o~ ~et Ukely a~~.,R from theee. 

1 



• 
1. Bo enal trainat 

Thee WOJ'e obtaiMd :from the p reonal. to e ~ 
Proteeaor D •• B con ot th1 epai- ent, who part]¥ 
re po 1bl tor their 1 ol tlon ~ p t tne, 
.liUawitumll...ZUa - train (ATCO 9637). hey area 

pro- ar a• -
- -2•250 ••••••••• pl'O 

2•25/8 •••••••• pro- low 

Other atr will be 

2-40 wa lected beoau 
to 1t can be controlled. 
ot the type I ve tt pt 
and 1t w u ed 

2-2!v'8 elect cou 
growth p tterns of 2-250. 

2. ed1 : 

loned 1n relevant t1ona. 
the total pply ot ai- 1n1ne 
2-250 1 the or11nal ut t 
to 1 olat 1n thi xerciae, 

ce tor el ct1on proo ure • 
or 1t ability to c 

All to traine and ne 1 ol te re atored in 
the ref'l'igera tor on Difeo Br n Ieart- Intu ion ( 1 • ) 
A er ( 1%) lope in 6 a 1" te t • tube w1 th cot to ool 
plug • Thi as w al o used on p tr1 plate to 
obt n ingl - colon¥ 1 olate fro to el ewhere 
• noted. 

m1n1 - alt ed1 ( 

(17) 
) 



3. aethode am Reeultas 
a. Preparation or celle • 

Celle obteined rrom single-colony 1aolotee were 
inoculated into 10cm3 or SU + arginine 1n 6 x 1" tubes 
and incubated at :,7°c tn a water-both until atat1()DL)l7 
pbeae woe reached. These cells were hal"Veeted and washed 
in ua1ne a sorvall (Model NG.I) bench centrituse (5 min. 
at 7500 rpm.), and rlnally diluted to 10-5 in IOI, 1cc or 
Wbich wee ueed to inoculate the next step. 'l'beee bad 

total volumes or 1 ~ when added to SD w1 th required 

em1no-oc1d a4dit1vee, end~ termed "ovemight culture•" 
after 12 houre 1noubat1on at 37°c in a ater-bath. 
The cells 1n these overnight cultures were tnen banoeted. 
and was.bed ae above, end used to inoculate the "growt.h­

tubes" in suitably supplemented SIDI to a total volume or 
10cc 1n Klett- Gumeroon tubes \Yith rubber etoppera (53). 
These growth-tubes were uaed 1n the various growth 

stucllee, enzyme studies and in mutant selection studies. 

b. Ueasurement or Cell Growth: 
Th1o was done turbidometricelly using a Klett­

Suwnerson Coloriraeter ( Model 800-3) equipped with n red 

filter (M9.640,-700 mu absorbence), ueine a oter1le­
d1et1lled- ater fllled Klett tube ae a zero reference 
tube, against which all other tubes ere corrected when 

tilled wit.b 10cc or SD + em1no- ac14e, itbout cella 
a4de4. Growth- tu bee were removed ind1 v1duall.7 for read-
ing, end no more then five Nl'e reed conaecut1Yel.7 at 
(8Jl1' one tlae 1nterTal) before tile reference tube waa 
uaed to read3uat the meter (lt neceaau;r). 

It waa found t.hat tbe opUcal deul\7 and the 

!WIiber or oella preaent were almoet 41Nctl3 propor\lonal 
Mer tile range or -raluee ln ue (nett 5 • 120). 

Growth wae plotted on eeailopr1Vlll ara»b papa, 
wl th t1Jae on the ablllc1aaa (linear) end optical clenai '7 
1n nett,-stmmenon un1i. on tbe Ol'CU.nate (10saritm10) . 

one doablins Uae wae taken aa the UM needed 
to double the optical 4ena1ty (O.D.) o~ a culture. 

., 



o. Tbe Ettect ot the 0Vem1gb.t Me41wa Bupplemen\ on 
llonopbaaio Growth. 

Col.la ot etraina W2-40, 2•250 and w2-25/8 
were prepared 1n overnight culturee 1n which the 

aupplement wae var1e4. Slicll cultures weN used to 
inoculate growth-tubes containing aupplementa which 
were aleo varied, and the eubae<11ent 81'01ftb of' these 
cultUNa wae plotted on tJle tWOpbe ln t1guree 1 • 2. 

The etlramnry or these results 1a ebown 1n 
table I, where these cultures are r:ierked ns being 
monophns1c, Md 1n figures 1 & 2. 

These results eh.ow thnt the growth ot all 
three strains in 8JIU + acetylornitblne ie reduced 
a1'ter overnight growth in arsinine 1n OOlllP&riaon 
with growth in the eame medium ettel" growth 1n SD+ 

ocetylorni thine. Thie effect 1a particularly 
pronounced 1n the ca.ee ot \'12-250. C1 trulllne alao 
bee a similar ef"f'ect on the growtb of it2-25/8 ln 
uneuppleoonted SD, but it 1a not u great ea that 
ot arginine. Al though this etf'ect of ci trulline 
on the . growth ot strains W2-40 and W2-250 in acetyl­
ornithine wns not investigated, it would probably be 
similar to that of arginine, ao citrulline is known 
to be able to mimic the repreaaive ettect of arg1n1ne, 
althoUsh toe leaser degree ot etteoUvences, even 
1n etro1ne which ommot convert citrolline to argin­

ine (6). 
Rowe'fel' t.bie tl'eatment did not achlew ~ 

4ee1N4 etteot or 0011Pletel1' haltlns tbe growth~ 
w2-2,o 1n acet7lomitb1ne at,u O'fV'nisbt culture 
1n aralntne, alt.houah lt did not atteot the arowtn 
~ 2-40 to an unacceptable lnel. 

I decided. on We b aie '° utlllle the 

obeerntian ot Vogel (60) or a ~encm be t.ned 
paoeeet~, aa a PoHible uena or aob.leriq a 
even sreate~ d1apant,. 1n tbe growth rate• ot the 

two •tn.lM 1n tbe - ae41a. (1'2•2~8 wae 
1no1u4ecl ln tbeM •tu41•• beoaue ot lta ab1l1t7 
to 11111.lo the sronll pattema o~ •2-2,0 under 
certain OOD41 uou.) 

4 
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Key: Lfne A = growth in SMM + Arg,Innoculum Ex SMM 

Line B = growth in~SMM + AoOrn, II Ex SMM 
Line C = growth in SMM + Arg, II Ex SMM 

Line ·D "'growth in SMM + Ac6rn, II Ex SMM 
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4. t701l'1>aJOO tl ve G-nttth . r S Ttl:IQu~"" na 1n n1 Maio cU ., 
hi 1,-e1a or1 t.nall7 se out t 

ob ervat1on that cell of 2• 250 t: led to re eh 

nonal .at1onal'J' pnaae optical density (100 to 120 
lett on unit ) arc 1n en ov might 

culture ed1wa uppl ented with bOth arginine 1n 
eub-aui l concentrat1on ( 15 us/em') ecetyl• 
omitb1ne (JOtlg/ 3). -
(Thl w part. or an uneucce atu.l at t t to exam:1er~te 
the gz-owtll rate 41ttor-ence bet en 2-250 and 2-40 
in 8 + acetylorni thine) • 

Ini tial4' the etud1e were 11 t d to this 
eyst , end the data hovm 1n figure 3 end to.--..~ 
part of table l ere the result. Th1s ork howed. 

that doubly upple ented (diphn c) (2, 58., 59, 60) 
edium containing 15ug/ 3 ar3inine and 3Qug/c 
cetylorni thine caueed etrain \12- 250 to cease gro 

eompletely at about 55 Klet~- sumaer on optical 
d ity unit hen the arginine wae completely 
exhausted, nerea tra1n 2-40 a lthough lo er, 
continued 1 ts growt,h in the aoetylomi thine . LOwe:r 
concentrations of ai-g1n1ne 1n the s e yet ere 
also t ted with the intention Of pl'Ov1c1ins the eat• 
at po ntial for further wth ot 2-40 in a 

penicillin selection procedure, but th y did not 
t.ne ettect of halti growth or tr 1n 2- 250 
u l t · b1D-ll;,11,u,u.1.ut - owtb 1n ac t 1omi ne 

" t]¥ 1 hie apn-mlDR to tu.notion or 
t nel"lu. ru11 
i Rent• ( ) . 
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o~ acuroe ot arstnt.ne (6). 
The conclua10D ot tb.eee atudiea na tba' 

cella ot 2-40 a1'ter mutagentc treatment, ehould be 
selected againat 1n a 41phae1c eyetem (8l'g1n1ne 
( 15ug/ cm3) + ecetyloitni t.h1ne) if pen1c1111n le ad4e4 

at a time when 8DJ mutant celle wh1c.h behaTe Uk:e 
\'72-250 beco:ne paceaet, when the parent type (Yl2-40) 
continues growing. To include the poes1b111ty ot 
prolonging the growth of the parent type under such 
candi tlona to 11Jll)rove enrichment tor the new tn>e•, 
1 t would be neceee&17 to 41lu te them w1 tb t'Nah 
medium conta1ning acetylornit.hine (which would pre­
clude turther srowth of the mutants). Thu.a a etu~ 
ot the ettecte or 41lu tion on cella which had entered 
a premature stationary phase due to paceeettlng waa 
necessary. 

In addition to the studies mentioned above, 
work wee extended to include en investigation of the 

etfect of tb.e auppleaent 1n the overnight growth 

mediu.a on pacesetting and of the etteet of din'erent 
d1phas1c supplement combinat1one. The cttect ~ 
arginine in the overnight med1ug was alread3 knmm 

to carry over into th.e diphsaic stage 1n tJle earlier 
etud1ee with ergioSne/acetylorn1 thine ttedia where it 
had the efi'ect of alowing tb.e second phaae growth ot 
both 2-250 and 1 2-40 1n acetylorm thine wnen thia 
waa com.pared witb an analogoue eyatem uaing acetyl­
ol'Di thine onl7 1n the oYernlght medium ( eee table I) • 

In all ot tbeee 1nTeet.1gat1ona tbe tollow­
lna baaic procedul'e wee adhered toa 
(1) Inocul.ete and incubate (12 b0Ura at 37°C) euit• 
ab)¥ eupplellelited (3()11&/oa3) cm,mipt culture tubee 

nth cell.a 4er1Te4 t'l'OII SD• org1n1ne Uqu14 cu.ltui-e. 
(2} Inoculate nett•Su•ereoo. tubee oontatmna auit­
abll' euppleaented llediwa (41phaa1c, an4 JIIODOP,bea1c 
oonwola) uatna cell• tl'OII toe OYvniSbt culture•, 
1n01.1bete an4 plot growth opUoall.7. 

'l!he relUlta or t.b.eee awtiee ue tabul.aW 
1n kble I. am abOlr the etteot or asin1ne both in 



41.phaai _...,..,.~. in oveml t culttire le o low 
the b equent pona ot culture ln eitJ\ell 
oms. tb1ne oi- c t,'lorm. thine, .l)llrticul 11' in t.he 

. e or 2-aso an4 2•25/8. Proewuabl.8 th1 . 

fe ture elect a1nat "1 alq" awr.oti-op 1n 
"114 population.a ot E. ooU 1n te. our of p.roto­
tl'opha. 

LI BRARY 
MASSEY UNIV~ 



Key: 

§ 100 
(/) 

H 
Q) 
E 
E 

80-

a 60-, 
+> 50-
.µ 
(1) 

r-1 40-
~ 

. 
E 
~ 30-

0 
0 
r--

1 
0 20-
~ 
\..0 

.µ 
(1j 

:>-, 
+' 
•r-1 
{/) 1 O­
s::: 
(l) 

A 

Figure 3 

2 

{__3 -
1?-4 -

1 -------------5 --
.. --------

1-~--------r---,----r---~-~-~ 
O 1

1 
2

1 3 4' 5 6 7 8 

Incubation Time at. 37QC (Hours) 

"The Effect of Arginine Concentration on Pacesetting 
of Strain W2-250." 

1.* growth of cultures 2 to 6 prdlor to ea:haustion of 
arginine 

2.= Control: 30ug/cm3 arginine only. 
3.• 20 ug/cm~ argimine + 30 ug/cm3 acetylornithine. 
4. = . 15 ug/ cm'' arginine + 30 ug/ cm3 acetylorni thine. 
5.= 10 ug/cm3 arginine+ 30 gu/cm3 acetylornithine. 
60-= 5 ug/cm3 al!'.ginine + 30 ug/cm3 acetylornithine. 
7.= Control: 30 ug/cm3 acetylornithine only. 
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le· I 

Gl'O'lr'th of E. coll a nine Auzotro 

1n arginine lntermem.awa. 

W2•250 
( ) 

w2-250 
(Orn} 

w2-250 
(Acom) 

·2-q0 

( ) 

2 ' 
( ~ ) 

t Pba 

A1 02 

Ar 30 60 
15 60 
10 60 
5 60 

Clt 30 60 
Cit 15 60 
Om ,0 60 
Om 15 60 
AcOm 30 210 

.APg 15 60 
Om 15 60 
Ao:lffl .30 1,0 

S 15 60 
.AJtg 10 60 

8 5 60 
cOm 30 120 

,0 60 
15 60 
10 
5 

15 
0 

5 
AV!,lnl 30 O 

Second Pha 

A2 C2 

uonopbae1c 
AOOm 
AOOrn 480 
ACOm 350 
Monopba C 

Ac0rn S 

onop.baeie 
AcOm 270 
llonopba 1c 

A m S 

A ffl 250 
onophasic 

AoOm S 

AcOm 250 
Acom 220 
Monopbaeio 

210 
1 0 
12 

D 

D 

a 
420 
290 

s 

210 

s 
190 

s 
190 

160 

150 
1 

1 
1 
.i,o 

11 
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Table I (COnt1me4) 

Stl-ain Plre t P.baae Second Phnse D 

A1 B C A2 02 D 

w2-25/a 
(AJ-g) Ar8 30 60 llonop.beeic 

.Arg 15 60 Cit s 8 

~8 10 60 Clt 480 ~ 

APB ' 60 Cit 350 290 

Al'S 15 60 Om s s 
Ars 15 60 AcOx-n s s 
~s 10 60 .AcOm 600 540 
Arg 5 60 AOOm '60 300 
Arg 15 60 - s 8 

AJtg 10 60 - 150 90 
Ar8 5 6o - 120 60 

Cit 30 150 tlonophaeic 

Cit 15 150 Orn s s 
Cit 15 150 AcOm 8 s 
Cit 15 150 - s 8 

Orn 30 90 11onophae1c 

om 15 90 AcOrn 200 110 

.AcOrn 30 120 .tonopbasic 

so - 100 Jlonopbaelc 

\12- 25/8 
(Cit) - 100 llonophaa1o 

w2- 2!\18 
(SD) Al-8 30 60 nopbaaic 

Ara 15 60 - e 8 

»1 10 60 - 150 90 
Ara 5 60 - 120 60 
8D - 80 lonopboeto 
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Cell ~ tralne 2•250 2•2!V8 w re 
prepared ln ovemlght culture nth erg1nine 

pplem t (,oug,lcm3) and then dealt witb epa:rate• 
lY ro11 , a 

Pour parallel lett tube ou.lture were 
inocu teih two contained ono 1c8 ium 
(aeetylornlthlae ,OU.g/c '> and two contai.ne4 <llpbas1atl 
medium ( sinine 15u.s/ , a tyl.ol'Di t.Mn.e :,oug/ ) J 

1ncubate4 1D .az-al.1 l t 'J?°C unt..11 
the arginine 1n tb dip.ha 1c culture ns .zhauated 
and tJle cell · 1.n them had est&olisbed e pace&et 
etati~ pba e. All cultures then. barve t 
by centi-1tug t1on, but their a eH not d1 oarde • 

In one eacb or the onophe 1c end Up.he ic 
cultures the cell re in their original 

gl'Owth me41um to act eontrola. The cell from 

the s oond dip.basic culture re re pended. 1nto 
f'H· mm + aeetylol'ni thine ( 'JOUs/ .3), and the 
otium fl' hich the1' c»:-1g1nally c s ue to 

reeu pend the c lle f the oond monopna ·10 
cul tur ( the um fro b1ch 41ecarded) . 
SUb e~ent gowth in all tube Peool'ded an4 
plotted to give th i-e ulte Shown. in tisuz,e 4, 

Contl'arY to expectations thee re ult 
to indic e that th eff ct of pEu::tsea'tU i 1n 

tl"Emsfor le 1n 4enc:ea 
blli tu t tJ.On pe.ce1,o 



----Cl) 
.p .,., 
i;.:: 
::s 
s::: 
0 
C/l 
H 
Q) 
E 
s 
::s 

Cf) 

I 
~ 
+:> 
Q) 

r-1 
~ 
~ . 

E 
i;.:: 

0 
0 
c--

I 
0 
-tj-

I.O 

+> cu 
>:, 

+> .,., 
C/l 
,;:: 
Q) 

p 

r-1 
cu 
CJ ..... 

+> 

8' 

Figure 

100 

80-

60- 1 

4 

--- --- - - 1' 5 
/---------t 4 

·-------< 3 
lf7)f--- _ _____ J 6 

B. 

/ 

10 

1- - -----..---.---.- -.---...---,---.---,---,---r 
0 1 2 3 4 5 6 7 8 9 10 11 12 

Incubation Time at 37°c (Hours) 

"The Involvement of t he Medium in Pacesetting" 

Key :1 = growth in diphasic medium pr-ior to arginine exhaustion 
2 = growth in acetylornithine pr~~r to harvesting. 
3 = Control: cells from 1 replaced in original medium. 
4 = Control: cells from 2 replaced in original medium . 
5 = Pace-st cells from 1 placed in fre~h SMM + Acetyl-

ornithine. 

6 = Non pace-set cells from 2 placed in medium from 1 . 
Line· A=B sic;nif ies time cxf cell transfers . 

These results were obtained using strain W2-250,but similar 
results were obtained using W2- 25/8 in an arginine /SMM OKLy 
diphasic system. 
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opt1o 1 
unc.bang d once the e cell .ha4 p tuN 

t tional'Y p.ha e induced by evere pe.c et'tina in 
Bl'sinine. I a not in eat1 te4 ho 

cell 4e 'ta et. 1n e entu.allu or l'!Ot. 
on at pt to 1 olate •non-pace et" pontaneou 
der1vat1 ve of 2- 25/8 wJ. th sei:-1 of parallel 
culture 1n U t ginine (15oa/ 3) e41wa, 
1 t a tOUJ.14 tllat the e-ella re-~ pace t · le~e-
1" 1n ch oultUN 01' 24 ru)U.'lt • The cul~ ere 

ubeul tu.red into 1milfll' eond1 ti<>ne and the 9.'ll'MIIID'l"."'ent 

M · ted 1 tb1 as r:epea t again to v a 
total of a1x cyol e for each l tuzae, and el though 
1t did not :,1eld any oft.he tant soustit, it 414 
demonsu- te that pace8etting 1 repea ble even 1n 
equence, am that 1 t a not "woken" in or tb 

24 hour cycle • ( Thls was detemined opt trical~) 

p ceeet induo 
0 11 

auppleoon 
41,...,,..,.... 
1n 

tudy th "Ute" of tbe 

ent 1n 

deri t 
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with tllle tor at leaet tlve b.oora atter the at.a"tion• 
ory pbaae had eet 1n. 

Howe,er celle which hod apent ~erent 

t1mee in a normal stat1onarv pbaee 1n SWI + arginine 
did not appear to shOw this ettect. 
(The results ahown 1n nsure 5 and table 11, ~e 
applicable to etn.1n w2-250 only, but the reeul te 
tor \12•25/8 were veey e1m11.ar) 
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Incubation Time at 37°c (Hours) 

"Effect of Lenglh of Time in Paceset Stationary Phase 
on Cells of W2- 250 or W2- 25/8 On Subsequent 
Growth in Non-Repressive Media" . 

Numbers 1 to 8 represent subcultures of the main culture 
(heavy line) i n chronological order of sampling.See 
text for further explanation. 
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s. The Ettect of Acetylornith1ne on Paceset Stationary 
Phaoe Celles 

This experiment t'laa prepared in the Otltle 

r,o.y as in oect1on f. , but the main culture woe 
split into oix ident ical 1oc:13 aliquots 1n Xlett­
Suml:leraon tuboo, and only strain r, 2- 2!'>0 was used. 

t hen the cells had entered the premature 
stationary phase due to pacesetting in tho arginine/ 
acetylomitnine d1phae1c med1ut1, enou6h ncet.71-
ornithine i'or a complete E.;rOWth cycle (30ug/cm3) 
wao added in oequence to the tubeo m. th 1 hour 
intervals between the odd1t1ono. The first tube 
received its acetylornithine 1mmed1ntely the pace 
had been "aet", and the lo.et five houro later. 

Thie eXt)er1ment was aloo done 1n ocd.1um 
which contained 15ue/cmj arginine, but no ocetyl­
orn1thine. 

I n both experiments the oddition 0£ extra 
acetylorn1th1ne at on:; time durine the growth 
cycle, foiled t o release the cello £rom t he pace­
set stationary phase . 'Illie 1nd1cotoa that in no 
way is oeetylornitl11nc otarvot1on due to l ock or 
external supply, involved 1n the pnccectting 
phenonenon. 

20 



eo ot Diluti · 
Oel1aa 

Cella ot tNl1n 2-250 tro an overnight. 
cu.ltu.s-e w1 th arginine &U: pl en't, wen lnoctll t.e4 

into a w · wtn Clllturo of dJ.p .. 1c me41 · (ars-
Vaeetylom.ttbine ,OUs/om.5), 8D4 1ncllb-

ted u.nt11 the er 1n1ne had been Uba te4 end 

cell bad ent.erec.\ t pNmQtu.N t.1o.aarv pbaa. • 
plea were •~mv,e4 and tilu to vez-loae utenu 

lnto SD+ aoetylomlth&ne (,oogtciaJ) 1n Kl t.t tube 

growth cul turee,, th 11' eub eqllent growth • 
UELSWl'ed amt plot 4 on paph. 

The Peeu.lt ot We ere 
an4 1n f18\U'8 6. 

min ble Ill 

T.he dat 1n41eat that the p oesett!ng 
efi'eot can be prop ei el7 4.1lute4 out, but a 411• 
at.ion of one part. lnoClllum (paeeeet oella + medium) 

o one part fre h ecU.um doee not relieve the e.f'feet 

t.o any meaeur t>le '.&tent. A dilution of one part 
1nooulum to nine tre tium appears to a t totally 
i-elleve th celle or the pa ett.ing effect, feature 
already ob erved by Vogel ( 61). Thie t ature led to 
the d elop t ot tile proeeduJ.te 1nvol bi penicillin 

tre tm t linkecl to pacesetting en4 dllut.ion. The 

41l.ut1on tep therein• 4-·-·- to allow tor • 

tmlt11:.Rftt 

t'tua 
4'ltltt 

th po . bl DBPimt tn,e ( train 
-..WI>~ 4o AIGI..VSl'l:l fflN!ffllAt\lN • ,1on-

em!Jm':lDJZ tll,WJ~~ ___ ,...... ot ' 
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Table III 

train 2- 250 Dilution of Doublin time 
(ex overnight subcultures o'£ subcultures 
culture 1th 

arginine 122 stationary 
supplement) 1 :4 420 nuteo 

1:5 360 inute 
1:8 240 minute 

1 :10 120 nutea 

Undi luted Stationary 
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Line A=B repr esents the point of dilut i on into the · 1 ' -

.::;: growth Of main cul ture. subcultures 3 - 7 
= und i l uted control. 

= Culture of cell s from 1 d iluted 1 j i n 2. 
= II II II II 1 " 1 in 4. 
= II " II II 1 II 1 in 5 . 
= fl II II II 1 II 1 i n 8 . 

= II II II II 1 II 1 in 10 . 

ar e diluted into SMM + Ace tylor n mthine ( 30 ug/cm3) 



1. ]) uic11Un • ti 

Thie proco4uN \18 . C 

Fl'OoecJ:UN (23)1 

tUng 41ft 
2-250. 

2-250 were 
gj.nS.ne au.ppl -

ent1 l bet en tbe tltD •- , 2-40 
llel cu.1 ture ot 2-40 

pzrepare4 1n ovem.tgbt ou.ltuN "1th 
nt. Theee were ueed to s.noou to ea · ot t.bree 

aro th tube contain1ng 10 3 ot arpnine ( 1 Susi 3)/ 
tylornitbine 41pba81c 41 to ve ~:--lel 

a t ( one t per in), Moh were incub ted until 
emm,sted. The fli-at tub ot 

et to cont1llll a be:tore at We juncture, 
but the econ4 and third tubee ot oh ot w 

volume o:t Scm' en4 then diluted back to 

+ 
be third tube of each t also he.4 

penicillin a&led to give a final concentration or 
500 unit in 1 3. 

0.1 om-' le e removed from the e t.h1rd 

tube at hourly intervals t.arting t.h the aM1t1on 
ot the cillln, an4 plated at ui table dil-
utions on to BHl er (af r aeh1ng 1n ) 1n order 
t.o de Nine the arat1 numerical urvival et 
the two trains. Tub thr of each t alao 
used ~ran opU.cal co pariaon or the two e~aine, 
with tube 1 cl 2 of e et es control. ( · e 
tiguN 7A 7B) 
R l t EEUo.......... 'tftta'tl!ZIBl:ll.1 

IV 

0 1. 
1 . , 
a o. , 
3 
4 0 , 



1. Suorooc is omitted as 1t 1nh1blta arowth or 
theee strains. 

2. Booed upon plate counts; relative value of 
1 . oo 1e opproxir:iately equiv~lent to 2 x 1<>8 
eells/ca3. 

These reaul ta favoured o treat.'rlent time of 3-4 
hOUl'e 1n penicillin Wlder the condition.a as 
prescribed above. 
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· 3. T culture diluted 1:2 into SMM + AcOrn + penicillin. 
Line A=B shows point of dilution for 1 & 3. 



;i. Ultraviolet !lutaaen i t 

Tbi2 a performed using a Ollro tolux 
2L(cat.no. G;,3,000) ultraviolet lamp uein only 
one of the t e. tters; this was oet 60 above 
the sample for exposure, an incidental light a 
reduced to prevent excceaive photoreaotivat1on of 
dof.laged 1oc1 a. 

Cells of the wild- type, 1 go11 ~, ere 
prepared in the usual mnnner in + 0. 4% glucose, 
ond i,hen Klett 30-40 was reoched, they 1ere diluted, 
1c~ into 9oc,rlof , ashed and re uspended into the 
srune volume or • 7. 501S3of thia io then pl aced 
in the base of a stand.a.rd pet1ii-d.ieh, and exposed 
to the uV e~.irce wi th gentle swirling or the con tents 
by hand. o .1co.lsampl ee were removed at intervals 
and pl ated at suitable dilutions onto BI agar (1%). 
After incubation these were counted and the percent­
age survival colcula.ted relative to the time 1mmed-
1n tely prior to exposure. The reoul ts of t..."lie 
1nd1oatcd that 45 seconds exposure under the given 
condition.a was necessary to nchieve 0.1% survival 
as .required • 

pert, 
age 1n 

C"Jl .~., ... -...1.0l • t 

• ~. (1961) 
llu.l "• • Cel. eo 
• ( up l.1), • 57. 

1olet 

• 
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k . Canownine Solect1on ( 50) of Mutants on Solid edia: 

Cells fro0 exponentially grow1ng cultures of 
W2-40 and 2-250 in SLW + arginine were hnrveDted 
an4 •ashed 1n min1mol mCJdium, and then plated at 

eu1table dilutions on $HK agBI' + acetylornitbine 
(20ug/cn.3) and canavanine at a rElllge of concentrat­
ions. Incubation at 37°c rolloood ~or 48 hours and 
the plates ,1ere inspected to determine nhich 
concentration of canavanine gave the cost 1nh1b1 t1on 
of W2- 250 ond thO least 01.' W2-40. Then the agar of 
the pl ates \TBS lifted cnrefully (intact), and 50ug 

of arginine 1708 added 1n solution to the bottoo of 
the pl ate and the agar replaced. Incubation for a 
further 24 houro at 37°c followed ond the recovery 
o~ w2- 250 \100 noted. 

It was found that 15u6/cm3 of canavanine 
eave the desired d11"ferent1at1on betr,een the two 
s trains , although the distinction wao never e.hnrp . 

(ftny one plate bad large and ooall colonies, and 

the coneentrotion of' canavanine which oolll.Pletely 
inhibited .,2- 250 also 1nll1bited h2-40 quite si~f'-

icantly. However W2- 250 shoued full recovery to 
the oo.ded wginine.) 



B. Iaolatlon o~ Paceeet autanta ot B. 0011 lf2.i40t 

1. MetbOdt 

An overnight cultUN ~ --40, with ar8,1n1.ne aupp. 
lement wea u.sed to 1nocalate e aul ture for ul travtclet 
mutagenes1e (exponentially arowins cells 1n SD+ 
ars1n1ne). Treated eaaplee were diluted into SD + 
arginine and 1neuboted at 3f'c overnight. These were 
uaed to inoculate gr,o\Tth tubes containing arslnine 
( 15us/ cm3) and acetylom.1 thine ( .3CA&s/ cm.3), ( total vol. 
5cm3) and allowed to grow until the optical denalt7 
reoobed about 55 Klet t-summeNlon un1 ta. Tb.en tba 

culturee vei-e diluted with an equal volume o~ SU + 
acetylom1thine (,ouslcm') + l)Ctl1cillln (tlnal concen­
tration o~ 500 uni te/cm.3) and incubatecl for a 1\lrther 

three hours, and then o.hilled, hattested and waahod 

w1 th D . 'l'hc whole procedul'e was then ropea te4 on 
these aacie oultul'ee ezeluc11ng the irradiation etep. 

Diluted eomplea of the cultures were plated onto 
SIii.iager + aoety1orn1t.b1M + cenavenine and incubated ror 
48 bollra at ,-,Oc. Colonies which hod appeared were 
"marked" and o.1cm3 of arginine (etoc:lt solution) was 
added w each plate by lirti.ng the naar With o sterile 
epatula end 1nJect1ns it WKlerneath, The plates ere 
incubated ~or a rw;.ther 24 AOUrS and 1napccte4 tor 
newl.7 apparent colonies, which were aempled end trana­
ferrect to stocka on SD + arslnine esar slants. In 

all e1a aeparote culture• of 2-40 uero aubJected to 
1ff841aUco prooecluNa, am ala aemploa o~ each were 
aub3eote4 to eeleot1on b7 paceaetUna + pen1c1111n. 
al Tina a potential of 36 new olonea. In ract IION 

cloaea UMID t.b!a were aeleo'led ott tb1!I oanaftnlne platee, 
u so• oolonlea appefllle4 ••ller tbaD otbue. 

All olcmea NN then repUoa plated on aeleoUTe 
11.Ua 1n ol'4er to ell11Saate tnoa Which ooul4 not 
u\lliee aoetylornS.Wne or were "alow Sl'01Nll'•• Oft 

aoet7lomJ. thine Uke W2-2!i/8 beoawae o~ low enQM 

aot1n t1ea ( ena,mea 6. 7 • 8). The eeleotift plate. 
NN 8D eupploaaented wltbs 



ocot.s,1omi thine 
acetyloml thine + oanovnnine 
orn1th1no 

citrullino. 
The mnotcr plate woo supr,le!!lcnted with arginine. 
Only thooe clonoo wh.ich 'behaved like w2- 250 on these 
r.ied1a were oelected for t't.u·t.11.cr study: 1.e . they gl'et'I 

well on Cll'ginine, e1trul11ne or orn1th1ne; alonly on 
acetylorni thine; and not at all on ocetylorni tlu.ne + 

canavanine, or on SU only. 

2 . .Enumeration of Non Isolates: 
All n ew ioola tee hove tne pre- title •'f/2-40'' hovinu 

been derived from th1o aarne etrain. The next symbol, 
in tJ1e code 1nd1cotes rmich ul traviolot treatment the 
mutant or1u1nate in, and the .following oyabol which 
of" t h.c oix oa.::1.1. .. lce t'ro;:a that troa t..tent tbo cutant ao 
selected from uoing pocoaett1.ne/penic11Un and canavaninc 
procedultoo . Tne final eyobol, \7bere present . indicates 
t1hich clone the mutant wao, if tioro trum one clone \'J'8S 

aelected o~r any ono dil ution oet. Thus t he ne\7 strain 
112-40/24-D woe produced in tllo oecond ( "2" ) ,:iut ot3enoaia 
treauiont, rmo oelocted for in t!1e fourth ( 0 4") oomplc 
therei"rom, and \"108 the oecond B clone ioola t..ed from the 
dilution aeta for that soople on select ive agar . 



c . Screenine of Ne Iaolotes by Enz~ Aaooy and Orovth 

tu41ee a 

1. Doeter1al , traines 
In addition to thooe otandord stl'oino previously 

oent1onod, the foll0\"11ng which oore obtained rrom the 

peraonal otoclte of r rofesoor :aacon, were olao uoed 1n 

the enz~e o.Gaoyo: 
E. coli - J2 •••••••••• 
E. coli 
E. coll 

2. Uaterialos 

.. 2- R2 ••••••• 

,,-160- 37D2 

a . Protein l'.aoay: 

-pro - -pro arLR 

.l\lka.11 1oaaent: zr;, :•Tn~3 1n 0 . 1 u HaOH. 
Copper Ncogent: o.s ... CuS04 in 1.~J NaK- ta.rtrate (4 il2')). 
Phenol Rcncont: one voltme or .r•o11n-c10ce l tesu !,eacent 
to too volW!lco of diotilled water. 

Standard protein: 1.0mrf cm.3 Dov1ne ,,erum t; lbwuin 
(aqueouo) ovorcd 1'rozen 1n 1cm3 ol1 ~uoto until needed. 

b • .Acctylorni thinooe Aasay: 
0 .1 11 potnosiuo p.hoopnate butter (pH 7. 0 ) \":hich 1o 1.ou 

\11th reopect to alutothione . 
L-tr·- aoot:,l ornithine (3 x 10- 2:i) 
L-orni thine ( 1 x 1 o-3aq) 

Coboltouo chlor1do (1 . 0 illl ) 

oq !'rozon in otorCll;C. 
tt " " 

Ninhydrin Reagent: 2 volw:1es of 1. ~ n1nhydr1n in ethyl­
Cello oolve + 1 volw:ie of 0. 4 K aqueouo citric acid 
(mixed 1maed1atel.y before uce). 

Alknll : O • 7 K aqueous IICOH. 

c . Potaae1uo pboephate•glutath1one diluent: 
o.1u • phoopbate butte~ (pH 7.0) which le 0 .1 w1th 

respect to glutatb1one. 

4. Gl utoth1one .ne stored o trosi;en otock oolut1one 
to be d to buttero ae re~i-ed, but theee were 

i'ro~ preparod ovory third day1 

Diluent, 10·1• ( 30.1 g/cm.3) 
Enz,mo Aoeos-s 4 z 10-'a (1.2 



.,, 
J. aetbode and e91.1lta 1 

a. Preporution o.r eeuas 
All e tra1na were prepared o.a re~.11Nd in 

argin.1nc (3Qug/cm.3) euppleMnted overnight edia (10-5 
dilution of stationer~ pbaae collo used to inoculate 
overnight cultt.u-es) - 12 hours at yf'c. Tllis was ~l8ed 
as 1nooulW3 tori the growth phase in Klett-oumrae~eon 
tubes containing 10om.3 o~ su!tobly euppleoanted SD. 
These were incubated until the optical dene1 ty ot' tbe 

cu.1 tures bad reaclled 50-55 Klett-zumereon unite J then 
Ohilled and harveeted ot o-5°c 1n a sovvall RC2-B re!"rig­
erated oentrituge ( 5 91nutes at 12,350 s. 8 ), and 

:reeneponded in 1ora3 1>hoap.hate•elutath1one diluent per 
eulture. 

These were e!ther eon1ooted, then aeoayed 
:lmmedintely ott t"rozen. Freeh glutothione was added to 
all fl'Ozen cell eon1cates bet'ore they were aaeoyed. 
(The decrease 1n activity of cellular ocetylomithinsae 
is negligible 1n t'rozen s'1.tl;,lee (Profeeeor Bncon, 
personal co;JCl.Ul.1cnt1on)). ( <3ton4aro strains were 
included for compsr1oon 1n 9reporatione for screening 
batches of nett etra1ne.) 

b. !3onicat!o.n Pi-•ccodurt,: 

H:irveotod cell.a in phoophate butter/glutathione 
diluent ere trai-..sferred to chillfJd 2 lt 1 inch sonicat-
1on tubes titted t1ith special capo, and then 8tlbJectc4 
to soniaation ullinc 0.111 ffSB 10071 Ult..~nic D1dnteg• 
rator wt tll cl:>J.lllna at all ta eo usins ice. 

ln1 tiol~ onJ¥ tho otand.ard etrn.t.ns were 
onicated. with var1ationa on tho t e of tl'eatoent 

and tb.o type ot probe needed to achieve opt1Jlwl enQM 

activity, ao this clid not am,eor to bo deta11"4 1n 8'IJi7 
of the lltoro.tuN ox• in the on1catoi- manual. 

T • .e re:ul t in11cat.od tho.'t ie lar-geat probe 

(25925-'ri t-,18A) an ttie .rDOSt etttc1ent releue o~ tile 

eNIIU, end that a ein&le 15 aecand. exposure at maxSa111 



. lltude ( •°""'• ) pnea:PM. to the opt ttae. 
be.rs (7) ), elthOUsb lntt.e cWl not ppe 

to oe Yf!ll17 ~ ti - • 
It la pp t th 

omt w.naee a:g (next aeot1on) that part or 
the apt w XM>t ttmet1onlng propet'l7 an4 I l 
that 1 t la l¥ tm. to the aonicaUon p~. 
Thi s. probably · ow e I failed to find tie-
r, ct<U'y tand&.t--4 proce4u.re tJJ1l the nloaticm , 
end tb1 JlQ doubt &:le to th trial an4 • . l' EH!Ull'Clltl 

ta• 1 t, the ti tor wbleh a ome1mat 11 te4, 
a.14 only lightly by the 11tel'at.un. 

c. Pr?t-e1n A l!Ecy'S 

Thte done using the e thOd of Lo 11 et. e.l 
(44). 

Protein. tendard.11 were prepeNd th . ;vine 
serum Albt n vei- the .range ot 0-25()us/om3, and p 
l1nee.r pi-t>l)Ort1onal1ty. 

0 .10 3 ot oell om.cate a assayed for protein, 

and e expect to e.pprox1 te 100ug/om3 1n each ple, 
two BSA standards being incluO.ed .1 tb eaeh t of 

eon1 cete ( 1 OOug/ ca' and 15Qug/ ~) • 
, l!'l e i-e m aSl,ll°"ed. w.t th the ltlett-sunme:rec:i~ 

colOPi eter uo1ng the l'ed t1lter. 

d. .A eetylomi thin.a e .AasS¥: 
t.cetylorni • e ! o1- - - ac t¥l-L-orn1 -....wg 

·la 1 . 5.1.16.) act1 ll 
b b 

l >, 



tubee. The reaction wne halted by the addition ~ 
the ninhydrin reaaent . 

Tho contents were finally tNmnfcrrcd t o 
K.lett-sw:imerson tubes and read against a roasent 
blank et 350-490 nu (No. 42 filter). 

Each OGBtlY included s 

o - reference blanks (no orur:yce, no substrate ) 
C - onzyoe blanks (acetylorni tbine added e!'ter 

incubation) 
A - oubotrate blanks (no enzyme) 
B - orn1 thine o te.nderd ( o . 1 umole ; 1 o uni ts/ cm3) 

(enzyoc, no substrate) 
D 10 the reaction tube 

Calgulatlon of enzyme act1y1tYI 

(OD of" B) 
(OD of D) 

( OD of" .A) 
(OD of C) 

::s a 
= b 

J? X 10 
a 

c c = units of" oct1v1ty/cm3 1n tube D 

Value "c" 1o then corrected to unite/mg of protein 
using protein assay data . 

35 

A unit of" ocet.ylgrn1t41naoe oct1v1 ty 1a defined ae the 
amount or enzyme l7hich 1'1111 catalyse the formation of 
one micromolo of L-orni thine under otondard conditions. 

The reoulte or aaeayo or otanderd stroino 
are enown in toble v. 



»\ Table V 
t,7lomS.tMnaae Aotiv1t.1ee 0£ Standard Stral: 

~aaeel. Derepi-es:ee4 
,train supplement A Activity A Benge SU.pp lement B Activity 

'B ,.5 (1.4-8.4) - 17.4 

~ .Arg 5.2 (0.1-13.0) .AcOm 12.2 {3.0-26.0 

om 10.4 (6 .,;-12. 5) 1.1 
,250 Arg 6.o ( 1.1,.-1 2. 4 ) '~corn e.1 (2 .• 1-15.5) 1. 

OJlln e.o (one aam.ple) c. l• 

8 4.2 (1.6-9.8 ) - 28. 2 (20-47) 6.51 

om 38.3 ( --.,. OGiM,Jllltli'i&' I '-'• .. 
2-112 P.rg 2s., (one s ample 32.5 (one ~ample c. ,.oo ( 

only} 

'-160-37-1>2 AJ'g o.oo -



lt 1 
ct1vtt1 111 

le 

,1 

11 teita turo on tb1 
Table A,J). 

of this topic a o en41z -

ln t ;pt to iron out th1 pi-obl vuiou 
parameters ot the 8'8 wei-e tested in a4'Ut1on to 
eon1cation tud1 e alr· 47 _ t1oned (eeot1on b). 

paJ;'atio of e.ny o:r the a&l1 1voe for tbe ay tub 
in e sh batch each cloy did not improve the lt 1: 

nor 414 extension or the 1:n<rubation ti • or the use ot 
ditt rent tte:rs (NaK ph 1>ha.t~ 1i~tead 01" K sphate) 
or ~1tt0 it 1 duoing 

disruption 1n oz-de~ to 
.e.tts. 

lease 

A' t t.c to 1 rov cell 
· er-.z noe included 

o bi:n.ation o!' ID'l:s o.r toluene · onication, 
or sep:u. ate 1Y rui..d 1 though toluer,..e t - t ( 1 O ~-
incubation at 37°C) yielded no it1 rovement , ~.ne " 

c tunll;; cB.tu~ed £1 dec.reaae in ucti vi ty, prooai:>ly bccau e 
1 t bouni tllc cobel t ionn neceaum.'\.r 'or sct1 vi ty of t.llO 

enz~e (G"'). 

It wa~ decided to take in:.o oom.1.ut not only t.h.e 
actual rep:ressed and aer•l!,Jr·L"e~ed t.cet:, o n1 tbina e 
activities of the v 1 u strains ~or ncreenJ.1 purposes , 
but loo the ratio of dere~reee~d activi y:rcpr aaed 
act1v1ty, nnd wheth or not the !l... tr~ no e4 
p ot p~e::iature st ti iry p!w. or 1n1ne ( 15 em.3)/ 
ac tylo'11!11 thine (30U J) ci.i llaaic edi 4 

2•250. 

1 

• 



4. New utont Straine of Intereata 

or the now isolates only a tow exhibited the 
ab1ll ty to estoblien a premature stationary phase due 
to pooeect tins 1n the same way oe w2- 250 or 2- 25/8 . 
These were \12- 40/12D, \12-40/120 , 12-40/1.3B, W2-40/15D, 
W2-40/45C, W2-40/21D, r,2- 40/518, ,.2-40/:,1D, W2-40/52C , 

\12- 40/54C, ri2-l•0/62B, \r'2-40/62C and \ 2-40/63A. 
Of thcoe strains which could be paceset, the follow­

ing produced comparatively high represaed levels ond 
co1Ilparot1vel.y low dereprcosed lcvclss \,2- 40/12B, 
\",2-40/12C, ri2-40/13D, \,2-40/158, .. 2-40/45C, 2-40/52D, 
,2-40/54.A, \12-40/54C, \12- 40/62B and H2- 40/62C. (A 

total of 9 out of 66 clones selected rrom 36 penicillin 
selection runs). The other paceaettuble mutants did 
not have theoe comporable enzyme act1v1t1es, typicall y 
ho.vine, low repressed levels. 

There were alao some other mutonts, which olthotJ-0,h 
they were not pooeset like w2- 250 (even ,2-250 railed to 
paceoet on t!U'ce occasions tor no apparent reason), 
showed enzyme octivitiee which were co.::ipnrable with thoae 
o~ W2- 250 ond the strains mentioned above. Thene were 
stra ins W2-40/11A, W2- 40/11B, ri2-40/15A, W2-40/41A, 
\12-40/45B, 12-40/46, ~2-40/S6C, ii2-40/61B, ,~2-40/61D, 

\'#2-40/6~, \'4 2-40/ 630 , ~2-40/64C, al2- 40/66A, W2-40/66B, 
W2-40/65A and \12- 40/6SB. Some of these are probably 
aister clones of tho oat 11koly atrnino os mentioned 
1n tbo second paragraph above {e . g . W2-40/15A). 



11. conc1ue1opa1 
It 10 evident from the results of the final section 

of the experimental work that I woul d be unjustified it 
I claimed that I had succeeded 1n 1aolat1ng further 
arginine regulatory gene mutonto of the type argR 
a s found 1n E. coll \,2- 250. The reasons tor this 
ore diaeueaed in the relevant eectiono, and I must 
roi terate cy belief thllt the taul t ilea in the aonicot­
ion procedures . This view is oupported by the tact 
that the variouo blank tubes prepared tor the enzyme 
aaaaya gave optical denai ty readings or the expected 
oagn1 tude ( Bocon; personal communica tion, Vo1:,el & 

Boimer (66) ) • Further to this the ~\7th rates of 

the variouo standard strains were o.a expected in the 
media in use (Bacon, personal communica tion) . 

In s pite or this I do reel t~at I hove probably 
succeeded 1n isolating oome non mutants which ru1.0w 

growth character1st1ce in diphnsic media like those of 
strain w2- 250, and apriear to have abnormal acetyl­

orn1 thinoae levels in repressive and non- repressive 
media , oll of which eu~ueeta the possibi l ity that they 
moy be argR mutants . ~ven r,1th o successful o.aoay 
however. 1t vould be neccoaary to ooeay the ac t ivity or 
some of tho other arginine b1oeynthet1c enzymes under 
oimilar cond1 t 1ono, and proba bly also to mop the a1tee 

or the mutnt1one rce~nsible in the new et.rains; such 
that 1t could bo definitely proved that 8111', or all or 
theoe new et.rains ere of the oomo type na 2- 250. 
Time 414 not permit me to pro ae thie fer. as del.nya 

were canoed by the 41tftcult1ee "1th the eon1cat1on 
procedure and by the ract thet none ot the atz-alna 
aelected tor growth etudlee •oul4 tolerate the preeence 
ot euct"<>Oe (38) ae en oOJ?tot1o support in the penicillin 
eelectlon procednrea a• or1gtnol1J' proposed by Oonn.1 
(23). 

The atud1ea on p ooaett1ng provided an intereatina 
baaio tor :t'Ul'ther ane.lyeia . Thie the apparent 
ability or some npnceaettins rector" t o be traneterre4 
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trom n culture oodium 1n which cells had entered a 
premature ototionary phase coueed by pacoaettins, 
into a culture uhere the celle were genetica lly dcrep­
reesod, thUa co.using ouch cells t o be pacosct in to a 
stat1onnry phase also, despi te the absence of arginine 
1n their aediu::i. The first studies or this were with 

strain w2-250 ffhich has acetylorni thine oup.Jlenent in 
derepreaaed cultu.reo, suc.c..ested t.."lnt tl1e a ce t.yJ.ornithine 

permenae enzyme seemed to be aubJect to regreea1vc 
effec to froo the fire t phase grouth i n arginine, a 
feature a ttrlbuted to a "me:aory ottect" by Vogel ( 59) 

who a lso noted that tnis could be relieved bJ d..llution 

into f r eah medium. rut the ap.,j?arent involv0J1cnt of the 

acetylornij.June ~ermeaae cannot bo appli ed to tne otrain 
\12- 25/8 r,llich can synthesize 1 to o\m arginine supp ly 
in miniraal medium (at a slow rate ), and yet ohows ... arked 
pacesettine erfecto, especially When citrullino ie 
present in the second phase . I ll or this paints t o 
another i dee !'ro:i Vo~el ( 60) in r,hich he ou~boats that 
some oooponent or the onzymc ~orm1ng eyatec decrea eeo 
ne the lcn~th or time in arginine increoaca, tnua i ~pl..y-

1ng o decrer.se in the number 01' functional enzy.ne f'orm­
i ne a1 tea per cell. Th.1o aeei.:1s ho:rd to roconclle ,11th 

the rapi d recovery of' completely atutionary paceeet coll.a 
when dlluted into fresh mcdiw:i; hon can tney euddenly 
develop enough enzyme :rormi~ sites in functional 
condition to suddenly begin o.Laoot normal erowth in 
a.cety lornithine hen d iluted 1 :10 from euch on .. abnormal" 
stationary phase? Vogel (60) otatee that the cell 
density doeo not appear to be n f a ctor 1n second phaec 
growth rotes, oo tbat th1e poeo1b1Uty can be diecounted. 
However no!thcr or these models cx.vla1n :, oboervation 
of the transferability phenomenon, end I te pted to 
invoke some "e ternal 0 lntluenoe; e1thor the lack o-£ 
som thing esaent1ol 1n the ed.1um {Wh.1ch cannot be 
p?tOvided by the al ~le ed4it1on or more acetylornith1ne) 
or the preaonco or aOllle 1nhibitor 3 tnotor Which increases 
1n the preoencc o~ arginine, In tho l atter coee one 
would be ~aced wi th the 1ntel'Cet1ng i:oac1b111ty ~ 



1nterccllulat• "communication" . The t'orcier case seems 
more l1ke1$ ond tho increasing effect or paceaett1ng 
might poooibly be easily abol ished by so e oimple 
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add1 tion eueh os adjuotment of the pH or extra ue•+. 
Thia factor was certainly not ocetyl orni thine, as a 
culture of w2-250 which hod entered a premature station­
ery phaae, couaed either by paceoettinc or a lack o~ 
arginine ( see section ·:sj ) could not be relieved from 
thio stationary phane by the addition of ocetylornithine 

( 3Qug/cr.i3 extra) as long as the cello remained in the 
same ued1um at the a~e density. Nevertheless the 
ettect or t..~c overnight medium supplement, particularly 
when it 1o repressive like arginine or citrull1ne , 
cannot be ignored. Thie sut;t:;eate tho.t oome intra-
cellular e:!'fect 1a i.'reoent, because on 1noculwn derived 
from such a repreoaive medium, and des"11 te wasi~n g in 
unsul;)p l c,ncnted ainimal medium , \7111 0.10w the ettects 

or a.J.ch en oric.:;in in 1 ta aubeequcnt t,;rowth in .... cety l ­

orni th.inc or ninica l medium, and even in diplJLaic .:iedia 
involving r1rat phase bronth in arginine. (~eoults 
compared ~1th non- rc~reaa1ve overnit)lt nediw:i for 
inoculum) (see section A3). 



1. L• ... lut yl-L-- lu t te 

2• N- e t:,1-L glutamat 
•acetyl•u-glut l pbo pbate 

.3,. N-acetyl .... I,,glut 

N- cet~l-

4. -ac tyl-L-glut e-o--emu 
-t ifC cetylom1 thine 

5. -e.cetyl-orn1 thine ...., orn1 thine 

6. om1 t..ldne -, c1 trulllne 

7. c1 trulline L- ginino- ucoinate 

Othe~ ssoc1ated 

epr aton o tl'ol of tne arginine bio­
Nnthetic ath ay v1 a pre or 

l)?'c:>te1n product 

An or 1nine indllcibl 
eeond bt,ne 

(19) 

o 4, or 

.... ( 1) 

C 

H 

,4' 

l 

77 

77 

64 

77" 

5" 

61" 

7714 

62" 

7 lt 

(73) 

(73) 

(73) 
(73) 

(73) 

(73) 
(73) 

(73) 

(.5.3) 

1 

(21,19) 

,,. (7.5) 

(7.3) 



t@ble IIA ( 68) 

EnzN11eo of Arginine atoeyntheeie 1n BfUrlW1cb).9 go11. 

Step ~31,W 

common Name S19tcmat1e Name 

1. N-acetylgluta:nate Aoctyl-OoA 1L-glu tamate N-e.cety1 

eyntheteae tNmaternoe (.00 2.3.1.1.) 

2. N-acetyl-3-slutso- ATPaN-acotyl-L-glutamate-5-
kinase phoaphotraneferase 

,. N-acetylglutamio-!- N- acetyl-L-glutamate ! se:ualde-

seminldeh3de hydesNADP oxidoreduota.ae 
deh1drogenaee (phoaphol'ylatins) 

4. Acetylorn1th1ne - '°'-N-ecetyl-L-orn1th1net2-oxo-
! - t:-anobZilinaee glutarnte am1notransteraae 

( EX; 2.6.1.11) 

f! .,, . Acetylornithinoee ~-ecetyl-L-ornith1ne runido-
117drolo e ( EC 3.5.1.16) 

6. Orni thine trana- Corbamoyl phosphate 1L-o1~ thine 

carbamylase carbamoyltranaterase (EC 2.1 • .3.3) 

7. Argin1noeuoo1nate L-citrullinetL-aepartate llgoee 
eyntnetaae (AMP) (EO 6.3.4.5) 

s. Arg2.ninoeuco1nate L-ergin1noaucc1note arginine• 

li&ae lyaee (BC 4.3.2.1) 



Table .A-III 

"some AcetylornitJlinase Aotivitiea" 

Jtrnin Acetyl omithinase activity Unite Reference 
Repreooed Poised Deropreooed 

39A- 23R.3 11 11 9 units/mg ( 59) 

K-1 2 0 . 08 0 . 20 1.00 relative ( 61) 

w- w110. 10 37 - unite/ms ( 5) 

D- wi l d 3.3'+ 4.35 uni to/Ult"> (36) 

39A- ~3R1 8.3 - 1 . 0 relative ( 58) 

K-1 2 o.s 21. 0 un1 to/Clb ( 25) 
{ tot.ul dry 

?;eight) 

~- c2 ( argR-) 120 125 ao above (25) 

39A- 2.3R3 15 39 100 rel ative ( 9 ) 

The dato here are for c omparison w1 th tJ.1ooe in section C, 
table V po.ge 36, nitii particul ar rea1 cct to the values 
shown by the W strains: .39A- 2.3R1 ond 39A- .23R.3, ,, wild t,11,>e 
and ,c2. l ex.r,cc tod :.i~- 6 traina to produce t.he i'ollor:ing 

acetylot'J'l.1 t r...!n~se act1vL,iu~: 1n uni to/uig oi' pro~ein: 

Strain mw + b cOrn s + .'irg 

v,2-40 100 10-1 5 
W2- 25/8 120-130 10-1 5 

2- 250 70-80 20- 30 

Doto: peroonol commun1cat1on 1th Prof'eeeor Bacon. 

A.3 
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A-4 

":Jiphasic Growth of s trai n W-39A- 23 on mixed supple ments of 
:f"- acetyl- L- or nithine (50 ug/cm3 ) and L-arginine hydro-chloride 
A; 2 ug/cm3 B: 4 ugJcm3 C: 8 ug/cm3 • · 
D: strai n W- 39A- 23R3 in acetylornithine( 5b ug/crn) and 

arginine at 15 ug/cm3 
E: both strains in an exce s s of arginine (50ug/crn3 ):sol~d 

symbol s r epresent points common to all curves. 
Adapted from Vogel:(1 960 figure 1) ref:59 

:(1961 figure 3) ref:61 
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Diffe r·en~ ial rate .j of formation of acetylorni thinaae and 

acetylorn ithine-~- transa~inase :ada~ted from Vogel(60,61) 
A - ea rly onset of derepression. 
B - late onset of derepression. 
o - acetylornithine transaminase. 
o - acetylornithinase. 

Thi s fi gure shows the slower rate of formation of acetyl­
ornithinase compared with that of the transaminase when 
a culture enters the second phase of growth in a diphasic 

medium after a longer phase in areinine than the cells 

represented by line A in the figure.This appears to be the 

bas is ol the p~cesetting phenomenon, at the physiological 
leve l , and cuold be explained by the proposed difference 
in the repressive complexes of the two enzymes(ref.19) 

A-5 
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