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Abstiracts

Experimental work was done to attempt to isolate further
mutants of the arginine regulatory gene in Escherichia coli W
of’ the same type &3 & strein known as W2-250, This mutant
carries the argn* regulatory gene which confers upon it the
dininished ability to repress or derepress its arginine
biosynthetic enzyaes,

Experimental work involved establishing a suitable method
of exaggerating the slow growth rate of thie atrain on the
arginine intermediate N -acetyl-L-ornitaine, such that this
could be the bagis of protecting siailer mutants when select-
ing thea from a parent strain (W2-40) in a penicillin select-
ion procedure, This was achieved by growing both strains in
diphasic & mediunm containing 15ug/cn3 of L~arginine and en
excess (30!13/(::!3) of acetylornithine, in which it was found
taat the argik strain entered & premature stationary phase
when the arginine was exhausted hut the argh strain continued
growth at a siower rate than normal in the acetylornithine,
It was also found that a culture of 2-250 which had entered
this stationary phase could be diluted 4:1 in fresh minimal
medium + acetylornithine and stlll reaain in & stationary
condition for up to 24 nhours,

Mutents of strain W2-40 produced using ultraviolet light
were cycled twice through a aystea involving this siationary
phase in diphesic nediunm end dilution 41311 in fresh medium +
500 units of benzyl-peniciliin/ca” in order to select against
the parent-type, TFurther selection was carried out on
minimal ager plates supplemented with acetylornithine and
canavanine on which the parent strain will grow, but the argR”
type is inhibited until arginine was added to the agar, The
colonies which appeared at this stege were screened on
variously supplemented solid media to seleet those most
like W2-250,.

Those selected on these eriteria were then screened
using the acetylornithinase essay end the diphasic mediuam,
with W2-250 included for coamparison,

A total of nine possible mutents of the desired type
were isolated, but probleas with the preparation of enzyme
samples precluded a definite decision on their identity,



In the course of thie work it was also discovered that
an ergg bradytroph (W2-25/8) could behave similarly o
W2-250 in diphasic medla, 1t was elso found that there
was some transferable "factor" in the medium of cells which
had resched the premature stationary phase whieh could
preveant further growih of either W2-250 or W2-25/8 in
non-repressive nininal medium, This is discussed in
dat.aﬁ..
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Introductions

The arginine biosynthetic pathway of Lscherichia
coll hes eight enzyme catalysed steps in which L~glutamic
aeid is converted to Le-arginine (56,65,67,68)., There are
eight corresponding structural genes, one for each of the
eight enzymes (55,68) which are partislly scattered and
partislly scattered at five separate loci on the genome (73).
In addition there are genes involved in control (24) coding
for pernease® enzynes (59,73) end for five arginine transfer
RNA's (12) and their synthetase (15). There is also an
additional gene (arg I) for enzyme four (ornithine transe
carbamylese) which has been mapped in B, ¢oli strains B (22)
and K-12 (53). (See tebles Al & A-II in the appendix.)

The arginine pathway is controlled by a repression
(58) mechanism in which the protein product (33,54) of the
regulatory gene argR (the apo-repressor) interacts with the
corepressor arginine (24), or even its precursors (6,43),
and this then interacts with the protein syntiesising mach-
inery meking the arginine biosynthetic enzymes, causing their
cellular levels to deerease (45,58,61)., The reverse of this
(derepression) occurs in the absence of an external supply of
arginine, although the systen is sensitive to the internal
levels of arginine (48), This fora of control occurs in
K, coli streins W, K end C (30), and is "negative" insofar
as the regulatory gene product switches the structural genes
off under sppropriate conditions (1,2)., lowever there is
some recent evidence for the existence of a second regulat-
ory gene for the arginine pathway in E, goll (8), this being
the gene argli or arg 4' which was believed to code for an
indueible form of ornithine transcarbanylase identical with
that produced by arg 4 (5,19,37,63). 1t appears that a
matant version of this regulatory gene was responsible for
causing the arg L4 gene to induce while it did not prevent
repression of all the other structural genes (8), The
gene for arginyl-t-RNA synthetase also the control of the
arginine regulatory genee (15) as are the synthetases for
leucyl, prolyl end methionyl t-RNA's which are under the

®yass, W,K.(1965) Federation Proc. 24 - 1240



control of their respective regulatory genes (4), The
arginine genes sre seen to increase their cellular levels
together at the onset of derepressive conditions (57,58)
but in a co-ordinated but non-parallel fashion (61), unlike
histidine genes which increase both co-ordinately and in
parallel (3).

In strains where the internal supply of arginine
from its intermediates is normal, the enzymes will reach a
partielly repressed "poised" level (48), but in etrains
where this supply is inasdequate for normal growth (restricte
ive) the ensymes reech fully derepressed levels (45).

This behaviour applies to the similar arginine
regulatory petterns of i, ¢oli strains, W, K and C which have
the argR’ gene (36) but not to strains with other allelic
forms of the argh'. For instance the ergRy ellele found
in B, coli strain B confers upon that strain the property of
8light inducibility of all the arginine structural genes in
the presence of arginine (24). An ergiy allele can be con-
verted by a single point mutation to an argR"' repressible
type (36), which suggests that induction and repression ere
closely related phenomena, a conclusion alreaedy srrived at
from studies of the "inducible" ornithine-transcarbanylase
(63). A single point mutetion cen also convert the argR’
(repressible) to the argR , (50) which confers constitutive-
ness of the arginine structural genes: 1.e. the genes are
fully derepressed irrespective of arginine, Such argR”
strains are recognised by their resistance to the arginine
analogue canavenine (50). A derivative of an 5, coli-W
argh’ strain is the strain W2-250 which hae the umusual
regulatory gene argh’ and exhibits diminished repressibility
end derepressibility of the arginine structural genes (Bacon:
personal communication, 62,68); this feature resembles the
control patterns of a tryptophan mutant except that this
matant has & lesion in the tryptophanylet-RiiA-synthetase
gene and not in the "tryp R" gene, Gorini end his co=
workers (36) heve produced some unasual arn’(:-da)/ua;
hybrid alleles which ceuse hybrid control patterns such as
high level indueibility,
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The arginine functional group of genes (a regulon®)
because of their separateness on the genome are a marked
contrast to most other known functional groupe of genes which
fall into single clusters termed operons, This latter term
comes from the theory of Jacob & Monod (34) although the
concept of operational cluster of contiguous genes came from
Hartmen (29), Jacob & Monod envisaged a regulatory gene
goding for e soluble substance which hed the function of
switching off a group of contiguous genes when the correct
conditions prevail by interacting with a control site at one
end of the operon, termed the operator site, Such a model
suits the histidine system with its single functional group
of genes (3,39) but the arginine regulon is scattered, but
is under the control of one regulatory gene, such that one
operator or its equivalent must be present for each group of
genes at least (61). 1In fact one operator mutant, the only
one so far in the arginine system, has been isclated for the
argl gene, and this shows diminished repressibility of the
argl gene only (38,53). The eingle cluster of four arginine
genes (21) is actually two regulatory groups (16), one of
argE only, and the other of argC, 5 & H (10), the latter incid=-
entally having its operator sited at the opposite end to that
of other known multigene operons in E, goll (3,11,9,64).
flowever it is possible that the arginine genes come together
into e spatially close group in the cell, which would
facilitate easier control (63,64).

In the original conception of Jacob & Honod's model,
it was proposed that the regulatory gene product exerted its
effect at the site of the operator-gene DA, e situation called
transcriptional control, which is true for the lactose operon,
However there has since asccumulated a certain eamount of
evidence about the arginine pathwey which suggests that its
regulatory gene product acts at the level of trenslation of
a=-RNA into protein, It is envisaged that the gene, the ribo-
some, the messenger and other factors form the proteins
synthesising complex upon which the repressor and arginine asct
in concert during repression (Vogel-68, See Appendix, also 13,
28,52). This complex for the arginine system has even been
seen (47) in the elsctron-microscope, The nature of the

®uans, WK, & Clark, A0, (1964) J.H0l.Biod, 8 ~ 365
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complex appears to vary with the Jjob it is doing: its sens-
itivity to canavanine is different when it is synthesising
acetylornithirase to when it is synthesising acetylornithine
trenseninsse (19), which might give a clue to the pacesetting
phenonmenon (60) which is exaggerated in the argR' strein
W2-250 indicating the argR’ product may haeve a greater than
normal affinity for the complex,

Studies of N-acetyl-glutamate-semialdehyde~dehydro-
genase mutents show that some have diminished repressibllity
of the whole arginine pathway (8,51), which suggests involve-
ment of this enzyme in the repression complex, whereas the
first enzyme of the pathway is involved in feedback inhibit-
ion (26). Only some of the revertants of these mutants
have regeined normal repressibility patterns, The authors
were unsble to show that this enzyme binds arginine (8)
although 41t has been shown that anthranilate synthetase in
the tryptophan pathway will bind to the complex involved in
repression which includes trypwphana, and histidine enzyne
41 binds histidine (11).

Studiee of the possible involvement of arginyl-t-
RFMA or its synthetese in repression have yielded a negative
result for all five t-RNA species (12,43), and the synthetase
(31,32,70) unlike the reports of involvement of leucyl-t=RIA
(30) histidyl-t-RNA (11) and other t-RNA species (39) in the
control of synthesis of their respective amino-acids, The
possibility of a emall undetectable fraction of arginylet-
RNA being involved in the repressive complex has not been
ignored (31) and there has been one report of changes in the
rates of arginyl-t-RNiA charging under repressive and derepress-
ive conditions (14).

Some very convineing evidence for translational
control of the arginine pathway has come from Vogel and his
co-workers (46,68,69) and others (71) as a result of studies
using entibioties to uncouple the various steps sueh that
Vogel's workers managed to uncouple translation and trang-
eription in the arginine system and to show repression of the
latter by arginine, However the poseibility of even indirect

Sgomerville & Yanofsky (1965) Studies on the regulation of
tryptophen blosynthesis in Escherichia coli, J.Mol.Blol,,11
P.T47.



control of transeription would be difficult to ignore
completely (19,74).

The actual mechanism of repression is unelucidated
at present and probably will not be so until the working of
the ribosome are a lot more fully understood, and in the case
of arginine at least could be quite complex with so many
"possiblee" involved, For instance the ergCBH messenger
RNHA is rapidly degraded in the presence of arginine, and may
be even read more slowly as well (40), and another report
suggests that the repressor substance itselfl may be nore
labile in the presence of repressive arginine concentraiions
(49)., There is also some evidence to suggest the synthesis
of some important factor during derepression growth, which
combines with arginine at the onset of repression causing the
levels of the ensyaes to drop well below the expected repress-
ed levels before eventually increasing to those levels afier
a few generations when the "factor" is diluted out (41,42),
This suggests that derepression is not Just a passive state
of "non-control" but is in some way involved in pre-setting
the cells for repressive conditions, Wozny et.al (71) have
even suggested that translational repression in faet oceurs
after the initiation of translation which seems to be in keep-
ing with the idea that all genes in a pathway were evalved
from a single ancestor gene (Evolving es &n
V. Bryson end H,J, Vogel (Acadenmic Press: Nev ank) 19u5).
This could mean that each protein of a glven pathway has
retained an amino~-acid segquence in common with &ll the others
in the pathway, and it is this comaon seguence which 1s the
site for post~translation-initiation contrcl by some influen=
ces involving arginine and the ergR* product at leest.

This thesis will deal only with one small part of
this very wide field of the control of the arginine biogyn~
thetic pathway in E, ¢oli: this is the mutant strain W2-250
which has the abmormal regulatory gene ergR , which meoans
that the arginine structural genes can neither repress or
derepress properly under appropriate conditions, (Bacon,
personal communicetion, Vogel 62,68)., I will show how I
have attempted to isolate further ergR mutants from the argh®
strain, W2-40, by utilizing the pacesetting phenoamenon in
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diphasic medium (60. appendix figure A1) which is exaggerated
in the strain W2-250, Then I have screened those mutants
further on canavanine supplemented mediunm after they had

grown in the presence of arginine, which differentiates
between the argR’ strain which is inhibited up to 50% of
normal growth rate on such medium (45) and the argR® which

is completely inhibited until arginine is added (Bacon:
personal communication). PFurther ntudies of the nature of
the argR were not planned but its growth patterns on diphasic
media proved {c be both useful and very interesting.
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A
1.

2.

Growth Studies:

Bacterial Strains:

These were obtained from the personal stocke of
Professor D,F, Bacon of thie department, who was partly
responsible for their isolation from the parent type,
Escherichia coll - strain W (ATCC 9637). They are:

W2-40 .evceveees pro-  argkt  arg’,
W2=250 vsvseeees Pro.  argh” arg ),

wa-zya evsseven m- m“ ‘ré“

Other strains will be mentioned in relevant sections,
w2-40 was selected because the total supply of arginine
to it can be controlled., W2-250 is the original mutant
of the type I have atteapted to isolate in this exercise,
and it was used as @ reference for selection procedures,
W2-25/8 was selected because of its ability to mimie
growth patterns of W2-250,

Media:

All stock strains and new isolates were stored in
the refrigerator on Difeo brain-leart-Infusion (1.,2%)
Ager (1%) slopes in 6 x 1" test-tubes with cottonwool
plugs. This BHI ager was also used on petri plates to
obtain single-colony isolates from stocks and elsezhere
as noted,

The minimal-salts medium (MM) wes modified from
Davis & lingioll Medium A (17) and supplemented (SMK)
with sterile glucose (0.,4%) and proline (30 ug/ce)
after sutoclaving, To this amino-acids were added as
required (30 ug/ce), unless otherwise stated, which were
stored es frozen sterile agueous concentrates (1W¢3).

x.-uginl.murmbmm‘(siw: E-grade)

L-ornithine as hydrochloride Orn (Sigma: E-grade)

L-citrulline as free base Cit (Sigma: Ee-grade)

L-li-acetyl=ornithine as free base AcOrn (Cyclo:
1 grade)

D-L=proline as free hydroxyproline (Sigma: E=-
grade)

These were added to SiM agar (1.0%) using the glass
spreader method, and directly to liquid media,
1 Abbreviations used in tables and figures,



3.

Hethods and Results:
a. Preparation of Cells:

Cells obtained from single-colony isolates were
inoculated into 10cm” of SMM + erginine in 6 x 1" tubes
end incubated at 37“0 in & water-=bath until stationary
phase was reached, These cells were harvested and washed
in UM using a Sorvall (Model NS8E) bench centrifuge (5 min.
at 7500 rpm.), and finally diluted to 10™2 in MM, 1cc of
which was used to inoculate the next step. These had
totel volumes of 10cm> when added to Sl with reguired
enino-scid edditives, and are termed "overnight cultures"
after 12 hours incubation at 37°b in a water-bath,

The cells in these overnight cultures were then harvested
and washed as sbove, and used to inoculate the "growth-
tubes" in sulitably supplemented SHM to a total volume of
10ce in Klett-Summerson tubes with rubber stoppers (53).
These growth-tubes were used in the various growith
studies, enzyme studies and in mutant selection studies,

b. leasurement of Cell Growth:

This was done turbidometricelly using a Klett-
Suamerson Colorimcter (Model 800-3) equipped with a red
filter (%e.64,0,-700 mu absorbence), ueing a sterile-
distilled-water filled Klett tube as a sero reference
tube, against which all other tubes were corrected when
filled with 10ce of Sl + emino-acids, without cells
added. Growth-tubes were removed individually for read-
ing, and no more than five were read consecutively at
(eny one time interval) before the reference tube wes
used to readjust the meter (if necessary).

It was found that the opticel density and the
number of cells present were almost directly proportional
over the renge of values in use (Klett 5 - 120).

Growth was plotted on semllogaritha greph paper,
with time on the abscissa (linear) and optical density
in Klett-Summerson units on the ordinate (logarithaie).

One doubling time was taken as the time needed
to double the optical density (0.D,) of & eculture,



The Effect of the Overnight Medium Supplement on
donophasic Growth,

Cells of strains W2-40, W2=-250 and W2-25/8
were prepared in overnight cultures in which the
supplenent was varied. Such cultures were used to
inoculate growth~tubes containing supplements whiech
were also varied, and the subsequent growth of these
cultures was plotted on the graphs in figures 1 & 2.

The summary of these results is shown in
table 1, where these cultures are marked as being
monophasie, and in figures 1 & 2,

These results show that the growth of all
three strains in SHM + acetylornithine is reduced
after overnight growth in arginine in comparison
with growth in the same nedium after growth in SHM +
acetylornithine, This effect is particularly
pronounced in the case of W2-250, Citrulline also
hes e similar effect on the growth of W2-25%/8 in
unsupplenented SHM, but it is not as great as that
of arginine, Although this effect of eitrulline
on the growth of streins W2-40 and W2-250 in acetyl=-
ornithine was not inveatigated, it would probably be
similaer to that of arginine, as ecitrulline is known
to be able to mimic the repressive effect of arginine,
although to a lesser degree of effectiveness, even
in strains which cannot convert citrulline to argin-
ine (6).

However this treatment did not achieve the
desired effect of completely halting the growth of
W2-250 in acetylornithine after overnight culture
in arginine, although 1t did not affect the growth
of W2-40 to an unacceptable level,

I decided on this basis to utilize the
observation of Vogel (60) of a phenomenon he termed
pacesetting, as a possible means of achieving an
even greater disparity in the growth retes of the
two straine in the seme medla, (W2-25/8 was
included in these studies because of its ability
to mimic the growth patterns of W2-250 under
certain conditions.)
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Line D = growth in SMM + AcOrn, " Ex SMM +AcOrn.
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d, Comparative Growth of Standerd Strains in Diphasic Media:

This analysis originally arose out of the
observation that cells of W2-250 felled to reach a
normal stationary phase optical density (100 to 120
Klett~Summerson units) when grown in an overnight
culture medium supplemented with both arginine in
sub-naximal concentration (15 ug/cm’) end scetyl=-
ornithine (30ug/en>).

(This was part of an unsuccessful attempt to exaggerate
the growth rate difference between W2-250 and W2-40
in SMM + acetylornithine).

Initially the studies were limited to this
systen, and the data shown in figure 3 and forming
part of table I were the result, This work showed
that a doubly supplezsented (diphesic) (2, 58, 59, 60)
mediun containing 15ug/en3 arginine and jmg/cnz’
gcetylornithine caused strain 1W2-250 to cease growth
completely at about 55 Klett-Sumaerson optical
density units when the arginine was completely
exhausted, whereas strain W2-40 although slower,
continued its growth in the acetylornithine, Lower
concentrations of arginine in the same systea were
also tested with the intention of providing the great-
est potential for further growth of W2-40 in a
penicillin selection procedure, but they did not
have the effect of halting the growth of strain W2-250
although its subsequent growth in acetylornithine was
greatly slowed, This eppears to be a function of
the argR regulatory gene which does not permit full
derepression of the arginine biosynthetic genes (64),
thus exaggerating the effect which is guite minimal
for W2-40 which hag a normal argk’ regulatory gene.
This effect is mimicked by W2-25/8 in 15ug/ca’
arginine or citrulline + acetylornithine or without
a second supplement, but is exaggerated even more in
en arginine/citrulline diphasic medium (this is due
to the low sctivity of argininosuccinase in W2-25/8
which can be almost completely repressed by citrulle
ine, causing very slow growth when citrulline is the



only source of erginine (6).

The conclusion of these studies was that
cells of W2-40 after mutagenic treatment, should be
selected egainst in a diphasic system (arginine
(45ug/en3) + ecetylornithine) if penicillin is added
at 2 time when any mutant cells which behave like
W2-250 become paceset, when the parent type (W2-40)
continues growing, To include the possiblility of
prolonging the growth of the perent type under suech
conditions to improve enrichment for the new types,
it would be necessary to dilute them with fresh
medium containing acetylornithine (which would pre-
clude further growth of the mutents), Thus a study
of the effects of dilution on cells which had entered
e premature stationary phase due to pacesetting was
necessary,

In addition to the studies mentioned above,
work was extended to include an investigation of the
effect of the supplement in the overnight growth
mediun on pacesetting and of the effect of different
diphasic supplement combinations, The effect of
arginine in the overnight medium was already known
to carry over into the diphasic stage in the earlier
studies with arginine/acetylornithine media where it
had the effect of slowing the second phase growth of
both W2-250 and W2-40 in acetylornithine whem this
was compered with an analogous system using escetyl-
ornithine only in the overnight medium (see table 1),

In all of these investigations the follow-
ing besie procedure was adhered to:

(1) Inoculate end incubate (42 hours at 37°C) suit-
ably supplemented (30ug/em>) overnight culture tubes
with cells derived from SilM + arginine liquid culture,
(2) Inoculate Klett~Summerson tubes containing suit-
ably supplemented medium (diphasic, and monophasic
controls) using cells from the overnight cultures,
incubate and plot growth optically.

The resulte of these studies are tabulated
in table I and show the effect of arginine both in



diphasic medium and in overnight culture is to slow
the subsequent growth of a culture in either
ornithine or acetylornithine, paerticularly in the
cagse of W2-250 and W2-25/8, Presumably this
feature may select against "leeky" auxotrophs in
wild populations of E, colli in favour of proto-
trophs,

LIBRARY
MASSEY UNIVERSITY
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Optical Density at 640-700 nm.(Klett-Summerson units)
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Figure 3

100+

Incubation Time at 37°C (Hours)

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

growth of cultures 2 to 6 praor to exhaustion of
' : arginine
Control: 30ug/cm’ arginine only.

20 ug/cm3

3 argimine + 30 u'g/cm3 acetylornithine.

15 ug/cm” arginine + 30 ug/ern3 acetylornithine.

10 ug/cem3 arginine + 30 gu/cm3 acetylornithine.
5 ug/cm3 arginine + 30 ug/cm> acetylornithine.
Control: 30 ug/cm5 acetylornithine only.
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Table 1

Growth of E, coli~¥ arginine Auxotrophs
in arginine interaediates,

Growth FPhase

Strein®  First Phase Second Phase D
A B c2 A2 c2 D

W2-250 Arg 30 60 lonophasic

(Arg) Arg 15 60 AeOrn 8 8
ATg 10 60 AcOrn 480 420
Arg 5 60 AcOrn 350 290
cit 30 60 Honophasic
cit 15 60 AcOrn 8 s
orn 30 60 lionophasic
Oorn 15 60 AcOrn 270 210
AcOrn 30 210 Monophasic

W2=250

(orn) Arg 15 60 AcOrn S 8
Oom 15 60 AcOrn 250 190
AcOrn 30 130 lionophasic

W2-250

(AcOrn) Arg 15 60 AcOrn 8 8
Arg 10 60 AcOrn 250 190
Arg 5 60 AcOrn 220 160
AcOrn 30 420 Monophasic

w2=-40

(Arg) Arg 30 60 lonophasic
Arg 15 60 AcOrn 210 150
Arg 10 60 AcOrn 160 100
Arg 5 60 AcOrn 120 60
Cit 30 60 lonophasiec
omm 30 60 lionophasic
AcOrn 30 120 Monophasic

wa=U40

(AcOmn) Arg 30 60 Monophasic
Arg 15 60 AcOrn 220 160
Avg 10 60 AcOrn 180 120
Arg 5 60 AcOrn 100 40
AcOrn 30 90 Wonophasic



Strain

W2-25/8
(Arg)

W2-25/8
(cit)
wa-25/8
(sui)

Table I (Continued)

First Fhase
A1 B c
Arg 30 60
Aarg 15 60
Arg 10 60
Arg 5 60
Arg 15 60
Arg 15 60
Arg 410 60
Arg 5 60
Arg 15 60
Arg 10 60
Arg 5 60
cit 30 14150
Cit 15 150
Cit 15 150
Cit 415 150
Orm 30 90
orn 15 90
AcOrn 30 120
S - 400
SN - 400
Arg 30 60
Arg 15 60
Arg 10 60
Arg 5 60
S - 80

Second Phase

A2 ca

Honophasic
cit 8
Cit 480
Cit 350
Orn S
AcOrn 8
AeOrn 600
AcOrn 360
- S
- 150
- 120
Hdonophasic
Oormn 8
AcOrn 8

Honophasic
AcOrn 200
donophasic
Monophasic

Honophasie

Honophasic

Honophasic

ggegfewlfo

G w o

e88”
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Key to table I

1 Both monophasic and diphssic data ere included here

to provide coaparable data,
2 The supplenent mentioned in breackets iamediately

13

below the strein was the one present in the overnight

culture medium used to inoculate the growth tubes
which provided the adjacent data,

A4 4ndicates the first or only supplement in the
mediun,

B  4indicates the concentration of A in ug/ur;.

c4 48 the opticel doubling time of the culture in
the supplement A9,

A2 indicates the second supp'lemtq'in the diphasic
medla,

C2 is the optical doubling time of the culture in A2,

8 indicates that the cells entered an optically
etationary phase (no apparent growth) due to
exaggerated pacesetting,

SHM = supplemented ainimal medium with no added
arginine or arginine intermediates,

Hote: The error in calculating the doubling time of the
cultures increcses as this increcses, Tide is partly due
to errors in the physical estimations from the growth
curves on the graphs, and partly due to the comparatively
short times over which such slow growing strains were
aeagured during growth,

All doubling times gquoted in this table represent
average values where they represent more than one result
for the same situation during different experiments, The
deviations are generally lese where the doubling times are
shorter (see the reasons above)

“The erginine intermediates ere utilised in the reverse
onder of their biosynthesis in the erginine pathway
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The Involvement of the Medium in Pacesetting:

Cells of strains W2-250 and W2-25/8 were
prepared in overnight cultures with arginine
supplement (30ug/cm”) and then dealt with seperste-
ly as follows:

Four parallel Klett tube cultures were
inoculated: two contained monophasic® medium
(acetylornithine 30ug/em”) and two contained aiphasic®
mediun (erginine {5ug/em’, acetylornithine 30ug/cm’);
and these were incubated in parallel at 37°C until
the arginine in the diphasic cultures was exhausted
and the cells in them had established a paceset
stationary phase, All cultures were then harvested
by centrifugation, but their media were not discarded,

In one each of the monophasic and diphasic
cultures the cells were repleced in their original
growth nmedium to aect as controls, The cells from
the second diphssic culture were resuspended into
fresh SUM + acetylornithine (30ug/ca”), end the
mediun from which they originally came was used to
resuspend the cells froa the second monophasic
culture (the medium from which was discarded),
Subsequent growth in all tubes was recorded and
plotted to give the results shown in figure 4,

Contrary to expectations these results seea
to indicate that the effect of pacesetting is in
some way transferable in the medium, as evidenced
by the inability of non paceset cells which had
been growing in the absence of arginine in the
medium, to continue growth in medium in which cells
had been paceset, despite either the presence of
acetylornithine in such medium in the case of strain
W2-250, or the ability of strain W2-25/8 to
synthesise its own arginine in ainimal medium,

(® Media used for W2-25/8 did not include acetyle
mlthm.)



Optical Density at 640-700 nm.(Klett-Summerson units)

1 =~ 1 ] 1 i T I 1 1 [ i T 1

0 1 2 5 4 5 & i 8 9 1@ 43 42
Incubation Time at 37°C (Hours)

"The Involvement of the Medium in Pacesetting"

Key:1 = growth in diphasic medium prior to arginine exhaustion
2 = growth in acetylornithine praar 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 fresh SMM + Acetyl-
ornithine.

6 = Non pace-set cells from 2 placed in medium from 1.
Line A=B gsignifies time of cell transfers.
These results were obtained using strain W2-250,but similar
results were obtained using W2-25/8 in an arginine /SMM ONLy
diphasic system.
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The Effect of the Length of Paceset Stationary Phase
on Subseguent Growth in Non-Repressive Media,

It was found that cells of elther strain
W2-250 or strain W2-25/8, remained at the same
optical density as long as the medium remained
unchanged once these cells had entered a presmature
stationary phese induced by severe pacesetting in
arginine, It was not investigated however whether
cell death sets in eventually or not, IHowever in
en attempt to isolate "non-paceset" spontaneous
derivatives of W2-25/8 with a series of parallel
cultures in limiting arginine (15:19/“5) medium,
it wes found that the cells remained paceset complete-
ly in each culture for 24 hours, These cultures were
subcultured into similaer conditions and the treataent
was repeated: this was repeated again to give a
total of eix cycles for each culture, and although
it 4did not yield any of the mutants sought, it did
denonstirate that pacesetting is repeateble even in
sequence, and that it was not "broken"™ in any of the
24 hour cycles, (This was deternined optometrically)

It was decided to study the "life" of the
pacesetting effect with respect to time spent in a
paceset induced stationary phase.

Cells of W2-250, derived from an arginine
suppleaented overnight medium, were paceset in a
diphasie srginine (15ug/em”)/acetylornithine medium
in a2 bulk culture using a side-ara flask, At
intervals during growth end af'ter pacesetting had
set in, 1ca” samples were removed from this culture
end added to Scm” of SMM + scetylornithine in Klett
tubes to form subcultures which were incubated and
their growth followed turbidometrically, (It was
known that this complete pecesetting was relieved by
one in ten dilution into fresh medium (Section h,
Vogel (58) ). '

Figure 5, and table II, show the results of
this work which indicated that the pacesetting effect
eppears to increase in the paceset stationary phase
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with time for at least five hours after the station-
ary phase had set in,

However cells which had spent different
times in a normal stationary phase in Sl + arginine
did not appear to show this effect,

(The resulte shown in figure 5 and table 11, are
epplicable to strain W2-250 only, but the results
for W2~25/8 were very similar)
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Table II

"Effect of the lLength of Time in Peceset Utationary Fhage
on Subseguent Growth in Non-repressive Mediun®”

A B c D
1 60 - 100
2 64/8 0 120
3 8 30 150
4 8 60 240
5 8 150 300
6 S 210 420
7 8 270 600
8 8 330 €¢,1000
Key:
A = semple nunber (in chronologicel order of removel)
B = doubling time of amain culture (ninutes)
C = time spent by cells in paceset stationary phase
D = doubling time of cells in subcultures in SHH + AcOrn
8 signifies stationary culture-optical density is
not changing.
Notes:

1. The inoculum for the main culture was etrein W2-250
froa an arginine supplemented overnight culture

2. The mein culture was grown in S + arginine
(15ug/em>) + acetylornithine (30ug/en”)

3. The subeultures were inoculated with 1ca® seaples
fron the main culture into 9en® of S + scetylornithine
(30ug/ea")
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The Effeet of Acetylornithine on Paceset Stationary
Phase Cells:

This experiment was prepared in the same
way as in section f., but the main culture was
split into six identical 10ca” eliguots in Klett-
Summerson tubes, and only strain W2-250 was used,

When the cells had entered the premature
stationary phase due to pacesetting in the erginine/
acetylornithine diphaesic mediun, enocugh acetyl-
ornithine for a complete growth cyele (BOug/cmj)
wags added in seguence to the tubes with 1 hour
intervals between the additions. The first tube
received its scetylornithine immediately the pace
had been "set", end the lest five hours later.

This experiment was also done in medium
which contained 15ug/cm3 erginine, but no acetyl-
ornithine,

In both experiments the addition of extra
acetylornithine at any time during the growth
cycle, failed to release the cells from the pace=
set stetionary phase, This indicates that in no
vay is ascetylornitihine starvation due to lack of
external supply, involved in the pacesettiing
phenomenon,
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The Effect of Dilution on Paceset Stationary Phase
Cells:

Cells of strain W2-250 from an overnight
culture with arginine supplement, were inoculated
into a bulk growth culture of diphssic medium (arg-
inine 15ug/em3/scetylornithine 30ug/cm>), snd incub-
ated until the arginine had been exhausted and the
cells had entered the premature stationary phase.
Samples were removed and diluted to various extents
into SMM + acetylornithine (30ug/ea”) in Klett tube
growth cultures, and their subseguent growth was
neasured and plotted on a graph,

The results of this are shown in table III1
and in figure 6.

The data indicates that the pacesetting
effect can be progressively diluted ocut, but a dil-
ution of one part inoculum (paceset cells + medium)
to one part fresh medium does not relieve the effect
to any measurable extent. A dilution of one part
inoculun to nine fresh medium appears to almost totally
relieve the cells of the pacesetting effect, a feature
already obeserved by Vogel (61). This feature led to
the development of the procedure involving penicillin
treataent linked to pacesetting and dilution, The
dilution step therein was designed to allow for as
much growth as possible of the parent type (strain
W2-40) which does not paceset into a premature station-
ary phase, while still ensuring aminimal growth of its
mitent derivatives which would paceset like W2-250,
Thus the selection procedure allowed for only a 1:1
dilution with fresh medium + penicillin,



Table III

Strain W2-250 Dilution of Doubling time
(ex overnight subcultures of subcultures
culture with
arginine 1:2 Stationary
supplenent) 1:4 420 minutes
1:5 360 minutee
1:8 240 minutes
1:10 120 ainutes
Undiluted Stetionary
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T o B meoom LA 1 in 10.

Cells are diluted into SMM + Acetylorndthine (30 ug/cms)
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Development of Penicillin Selection Procedure (23):

This procedure used the pacesetting differ-
ential between the two strains, W2-40 and W2-250,

Parallel cultures of W2-40 and W2-250 were
prepared in overnight cultures with arginine supple-
ment, These were used to inoculate each of three
growth tubes containing 10cm3 of arginine (15ug/cm’)/
acetylornithine diphasic medium to give two parallel
sets (one set per strain), which were incubated until
the arginine was exhausted, The first tube of each
set was allowed to continue as before at this juncture,
but the second and third tubes of each set were
reduced to a volume of 5em” end then diluted baek to
the original volume with fresh Sil + acetylornithine
(30ug/em>)., The third tube of each set also hed
penicillin added to give a final concentration of
500 units in 10cm”,

0.1om3 samples were removed froam these third
tubes at hourly intervale starting with the eddition
of the penicillin, and were plated at sulitable dil-
utions on to BHI egar (after washing in Mi) in order
to determine the coamparative numerical survival of
the two strains, Tube three of each set was also
used for an optical coamparison of the two strains,
with tube 1 & 2 of each set as controls, (See
figures 7A & 7B)
Results of Peniecillin treatment:

Table IV
Relative Survival
Time in Penicillin Strain W2-40 Wa2-250
0 hours 1.00 1.00
1 hour 0.15 0.30
2 hours 0,03 0.09
3 houre 0,006 0.016

4 houre 0,003 0.015



1. Sucrose is omitted as it inhibits growth of
these strains,

2, Based upon plate counts; relative value of
1.00 is spproximately equivalent to 2 x 10°
cells/cm’,

These results favoured a treatuaent time of 344

hours in penicillin under the conditions as

prescribed above,
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Diluted into Penicillin Medium: 8- W2-250"

Il

5 [ undiluted control. _
2. = culture diluted 1;2 into SMM + AcOrm.

3. T culture diluted 1:2 into SMM + AcOrn + penicillin.
Line A=B shows point of dilution for 1 & 3.
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Ultraviolet Hutagenesis:

This was performed using a Chromatolux
2L(cat.no, 633,000) ultraviolet lamp using only
one of the two emitters; this was set 60cm sbove
the sample for exposure, an incidental light was
reduced to prevent excessive photoreactivation of
demaged loci?,

Cells of the wild-type, E, coll =W, were
prepared in the usual manner in Mi + O4% glucose,
and when Klett 30-40 was reached, they were diluted,
1ced into 9ce’of MM, washed and resuspended into the
same volume of MM, 7.5owlof this is then placed
in the base of a standard petri-dish, and exposed
to the uV source with gentle swirling of the contents
by hand, 0O,1ce’sanples were removed at intervels
and plated et suitable dilutions onto BHI agar (1%).
After incubation these were counted and the percent-
age survival calculated relative to the time immed-
iately prior to exposure, The results of this
indicated that 45 seconds exposure under the given
conditions was necessary to achieve 0,1% survival
as required,

®Rupert, C.s. (1961). "Repeir of ultraviolet
demage in cellular DNA", J, Cell., comp.
Physiol,, 58 = (Suppl.1), = 57.
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k., Canavanine Selection (50) of Mutants on Solid Hedia:

Cells from exponentially growing cultures of
W2=-40 and W2-250 in SHi + arginine were harvested
and weshed in minimal medium, and then plated at
suitable dilutions on SHU agar + acetylornithine
(20ug/em>) and canavenine at a range of concentrat-
ions, Incubation at 37°C followed for 48 hours and
the plates were inspected to deteraine which
concentration of canavanine gave the most inhibition
of W2-250 and the least of W2-40, Then the agar of
the plates was lifted carefully (intact), and 50ug
of arginine was added in solution to the bottom of
the plate and the agar replaced, Incubstion for a
further 2 hours at 37°C followed and the recovery
of W2-250 was noted,

It was found that {5ug/em® of canavanine
gave the deslred differentiation between the two
streins, although the distinction was never sharp.
(Any one plate had large and smzll colonies, and
the concentration of canavanine which completely
inhibited W2-250 also inhibited %W2-40 quite signif-
icantly. However VW2-250 showed full recovery to
the added arginine,)



B.

Isolation of Paceset Hutants of E, coli W2«40;

Methods

An overnight culture of W2-40, with arginine supp-
lement was used o inoculate & culture for ultraviolet
mutagenesis (exponentially growing cells in SHM »
arginine). Treated saaples were diluted into SN +
erginine and incubated at 37°C overnight. These were
used to inoculate growth tubes containing srginine
(15ug/em”) snd acetylornithine (30ug/emd), (total vol.
S5em”) end allowed to grow until the optical density
reached about 55 Kleti~Summerson units, Then the
cultures were diluted with an egual volume of Skl +
acetylornithine (30ug/em”) + penicillin (final concen-
tration of 500 units/ea’) end incubated for a further
three hours, and then chilled, harvested and washed
with MM, The whole procedure was then repeated on
these same cultures excluding the irradiation step.

Diluted samples of the cultures were plated onto
Siiagar + acetylornithine + canavenine and incubated for
48 hours at 57°C. Colonies which had appeared were
"marked" and O,1em” of arginine (stock solution) was
added to each plate by lifting the agar with a sterile
spatula and injecting it underneath, The plates were
incubated for & further 2i hours end inspected for
newly epparent colonies, which were sampled and trans-
ferred to stocks on S + arginine sgar slants, In
all six separate cultures of W2-40 were subjected to
irradiation procedures, and six sanples of each were
subjected to selection by pacesetting + penicillin,
giving a potential of 36 new clones, In fact more
clones than this were selected off the canavanine plates,
as some colonies appeared smeller than others,

All clones were then replica plated on selective
media in order to eliminate types which could not
utilise acetylornithine or were “slow growers" on
acetylornithine like W2-25/8 because of low enzsyme
activities (enzymes 6, 7 & 8), The selective plates
were SMH supplemented withs



2.

acetylornitihine

acetylornithine + canavanine

orni thine

citrulline.
The master plate was supplenented with arginine,
Only those clones which behaved like W2-250 on these
medls were selected for further study: i.e, they grew
well on erginine, citrulline or ornithine; slowly on
acetylornithine; and not at all on acetylornlthine +
cenavanine, or on Sill only.

Enumerstion of Hew lIsolates:

All new isolates have the pre-title "i2-40" having
been derived from this sasne strein, The next syabol,
in the code indicates which ultraviolet treatment the
mutent originate in, end the following symbol which
of the ®ix sanples froa that treatient tlie mutant wes
selected from using pacesetting/penicillin and canavanine
procedureas, The final synbol, where present. indicates
which clone the mutant wes, if aore than one clone was
selected off any one dilution set, Thus the new strein
w2=40/24~-B was produced in the second ("2") nutagenesis
treataent, wos selected for in the fourth ("4") saample
therefrom, and was the second B clone isolated from the
dilution sets for that sample on selective agar,
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Sereening of lew Isolates by Ensyme /Assay and Growth
Studiess

Bacterial Ttrains
In addition to those standard strains previously

mentioned, the following which were obtained from the
personal stocks of Frofessor bacon, were also used in
the enzgyme assays:

Ee COlL W2 seveessese DPO

Be CO1L =H2=R2 sesesse DO GPGR

B, €01l =#~160=37D2 .o &g

Hatericlss

a, Protein /ssay:

Alkali Reagent: 2% NagCOx in 0.1 M NeGH.

Copper Reagent: 0,55 Cus0y in 1.J: Nek-tartrate (Wii20).

Phenol Reagent: one volume of Folin=Ciocalteau Reagent
to two voluncs of distilled water.

Standerd protein: 1.0&5/«1:3 Bovine Gerua Albumin
(aqueous) stored frozen in 1em” cliguots until needed,

be Acetylornitiilnase Assay:

0.1 potassiunm phosphate buffer (pH 7.0) which is 1.0H
with respeet to glutathione,

L-ii*= acetylornithine (3 x 107%4) aq frogen in storage.

L-ornitiine (1 x 10'33q) » . "

Cobaltous chloride (1.0 al)

Ninhydrin Reagent: 2 volumes of {1 ninhydrin in liethyl-
Cello solve + 1 voluame of Q.4 ¥ aguecus citric zeid
(mixed immediately before use).

Alkalis 0,7 ¥ egueous NaOH,

¢, Potaessium phosphate-glutathione diluent:
0.1 K-phosphate buffer (pH 7.0) which is O,1mf with
respect to glutathione,

4, Glutathione was stored ss frozen stock solutions
to be added to buffers as reguired, but these were
freshly prepared every third day:

Diluent: 10™'M (30,1mg/cn’)
Enzyme Assey: L x 10™7u (1.23ag/cn”)
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Hethods and Results:

8. Preparation of Cellss

All strains were prepared as required in
erginine (30ug/es3) supplemented overnight media (107
dilution of stationary phase cells used to inoculate
overnight cultures) - 12 hours at 37°C., This was used
as inoculunm for the growth phase in Klett~Summerson
tubes containing 10em> of suitably supplemented SMM,
These were incubated until the optical density of the
cultures had reached 50-55 Klett-Summerson unite; then
chilled and harvested at 0-59°C in 2 Sorvall RC2-B refrig-
ernted centrifuge (5 ninutes at 42,350 g.%), and
resuspended in 1om3 phosphate-glutathione diluent per
culture,

These were either sonicated, then aseayed
inzediately or frozen, Presh glutathione was added to
2ll frozen cell sonicates before they were assayed,
(The decresse in activity of cellular acetylornithinase
is negligible in frozen samples (Professor Bacon,
personal coamunication)). (stendard strains were
included for conparison in preperations for acreening
batches of new sirains,)

b, Sonication Procedure:

Harvested cells in phosphate buffer/glutathione
diluent wers transierred to chilled 2 x {1 inch sonicat-
ion tubes fitited with special caps, and then subjected
to sonicetion using an HYE 400U Ultrasonic Disinteg-
rator with chilling at all stages using ice,

Initially only the standsrd siraine were
sonicated, with vaeriations on the tiame of treataent
end the type of probe needed to schieve optimum ensyme
activity, as this d4id not eppear to be detailed in any
of the litersture or in the sonicator manual,

The results indicated thaet the largest probe
(25925-Tit=3184) gave the most efficient release of the
enzyme, and that a single 15 second exposure at meximunm

Bax~2l rotor



anplitude (8,0-8,5m) appeared to be the optimum time,
(See Baumberg (7) ), although the latter did not appear
to be very critiecal,

It is epparent from the results of the acetyl-
ornithinese esssays (next section) that some part of
the system was not functioning properly and I feel
that it was largely due to the sonication procedure.
This is probably because I failed to find e satis-
factory standard procedure for the sonication step,
end this was no doubt due to the trial and error search
for it, the time for which was somewhat limited, end
was aided only slightly by the literature,

¢. Protein Assays

This was done using the method of Lowry et. el
(44).

Froteln stendards were prepared with Bovine
Serun Albunin over the renge of O=250ug/cm’, and gave
lineexr proporticnality.

O.1cm3 of cell sonicote was assayed for protein,
and was expected to approximate 100ug/mn3 in each sample,
two BS2 etandarde being included with each set of
gonicetes (100ug/ca” apd 150ug/cad),

Semplee were measured with the Klett-Summerson
colorimeter using the red filter,

d., Acetylornitiinsse Assay:

leetylornithinege! o ~l-acetyl-L-ornitiaine
emido-hydirclzset EC 3.5.1.16.) eetivity in cell
sonicates was assayed by the method of Vogel & Bonner
(66) under the following stgndard conditiong; end
always included reference stralng; the assay wes
performed in 5 x § inch test tubes containing: O.{cm”
of 0.,1M potessium phosphate buffer et pH 7.0 (50 umoles);
0.1cn” of N -gcetylornithine (3 umoles); O.ten® of
CoClz (0.1 umoles) O,1cn’ of glutethione (0,1 umoles),
to which was added O,icm” of ensyme (as cell sonicate)
after prewarning to give a total volume (in agueous
solution) of 0,5cm”, Stenderd time was 10 minutes at
37°C in & vater-bath with aluminium foil caps on the



tubes, The recction was halted by the addition of
the ninhydrin reagent,

The contents were finally tronsferred to
Klett-Summerson tubes and read agalnst a reagent
blank et 350-490 mu (No. 42 filter).

Rach assay included:

0 - reference blanks (no enzyme, no substrate)

C - enzyae blanks (acetylornithine edded after

incubation)

substrate blanks (no enzyme)

B - ornithine standard (0,1 umole = 10 units/cm”)
(enzyme, no substrate)

=
L]

D is the reaction tube

(oD of B) - (0D of A) = a

(oD of D) - (0D of C) = Db

9—%—19 = ¢ = units of activitxlcms in tube D
Value "e" is then corrected to units/mg of protein
using protein assay data,
Aunit of pcetylornithinase activity is defined as the
amount of enzyme which will catelyse the formation of
one micromole of Leornithine under standard conditions.

The results of assays of standard strains

are shown in teble V.



Table V
"scetylornithinase Activities of Standard Strains®

Repressed Derepressed

Strein  Supplement A Activity A  Renge Supplement B Activity B Range Ratio 2
w2 Arg o5 (1.4=8.4) - 7.4  (17.3-17.5)  3.16
W2=-40 Arg Se2 (0s7=13.0) AcOrn 12,2 (3.0-26,0) 2.39

Orn 10.4 (6.3~12.5) 1.17
W2-250 Arg 6.0 (1s4=1244) cOrn 8.1 {2.1=13.5) 1.39

orn 8.0 (one sample) C. 100
W2-25/8 Arg 4.2 (1.69.8) - 28,2  (20-47) 6.57

Oorn 3843 (one sample) e. 1.00
W2-R2 Arg 28.5 (one sample 52,5  (one sample e. 1.00 (ergk )

only) only)

W-160-37=-D2 irg 0.00 arg.




it 18 spparent from these results that the
activities of these various strains with respeect to
acetylornithinase are substantially lese® than other
literature on this aspeet of this topic (see Appendix -
Table A3).

In attenpts to iron out this problem variocus
paramcters of the aseay were tested in addition to the
sonication studies already mentioned (section b),
Preparation of sny of the sddiiives for the assay tubes
in e fresh bateh esch day d4id not Lfmprove the results,
nor 4id extension of the incubation time, or the use of
different buffers (Raf phosphate instead of Kphosphats)
or diffecremt reducing agents, Atteupis to iamprove cell
disruption in order to relcase nore enzyme included the
coabination of ADTA or tcluene trealaent with sonication,
or separately and olthough tolucne ireatments (10 minutes
incubation at C) yielded no iaproveament, the SDTA
actuslly ceused ¢ decrease in wctivity, provacly because
it bound the cobelt ions negessary for actlivity of the
enzyne (56),

It was declded to take Into aeccuint not only the
ectuel repressed and dersayrcessed ucstylornithinase
activities of the varlous strains for screendng purposes,
but elso the ratio of dererressed activityirspreased
agtivity, and whether or not the naw straing showed the
pacesst premature atetionary phose in arginine (15ug/ca’)/
acetylornithine (30ug/em”) diphasic mediua as aid
W2-250.

e, Pacesetting of new mutants:

This was done in the mamner desceribed for the
standard strains, in section, using diphasic medium which
causes premature stationary phase in Wa-250,

Sohe asctivitics varied from day to day with any given
strein but I was unasble to isolate any valid reason for
this,
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Hew Hutant Strains of Interest!

Of the new isolates only a few exhibited the
ability to establish a premature stationery phase due
to pacesetting in the same way as W2-250 or W2-25/8,
These were W2-40O/12B, W2-40/12C, W2=-40/13B, W2-40/15B,
W2-40/L5C, W2-40/21B, W2-40/51B, W2=-40/91D, w2-L4O/52C,
W2=L0/5UC, W2=40/62B, W2=-L0/62C and W2-40/63A.

Of these strains which could be paceset, the follow-
ing produced comperatively high repressed levels and
comparatively low derepressed levels: W2=-40/12B,
W2=L0/12C, W2-L4O/13B, W2~LO/15B, W2=-LO/L5C, W2=U40/52D,
W2=40/5LA, W2=LO/SLC, W2-40/62B and W2-40/62C, (A
total of 9 out of 66 clones selected from 36 penicillin
selection runs), The other pacesettable mutants did
not have these comperable enzyme activities, typically
having low repressed levels,

There were also some other mutants, which although
they were not paceset like W2-250 (even W2-250 failed to
paceset on three occasions for no gpparent reason),
showed enzyme sctivities which were comparable with those
of W2-250 and the streins mentioned above, These were
strains W2-40/11A, W2-4O/11B, W2-LO/15A, W2-4O/L1A,
W2=-40/USB, W2-40/L46, W2-LO/56C, We-Lo/61B, W2-40/61D,
W2=U0/63C, W2-L0/63D, W2~-L4O/6LC, W2-4O/66A, W2-LO/66B,
W2=40/65A and W2-L40/65B., Some of these are probably
sister clones of the most likely struins as mentioned
in the second paregraph above (e.g. W2=-4O/15A).



1I. Conclusions:

It is evident from the results of the final section
of the experimental work that I would be unjustified ir
I cleimed that I had succeeded in isolating further
arginine regulatory gene mutants of the type argR
as found in E, coli ¥2-250, The reasons for this
are discussed in the relevant sections, and I must
reiterate ny belief that the fault lies in the sonicat-
ion procedures, This view is supported by the fact
that the various blenk tubes prepared for the enzyne
assays gave optical density readings of the expected
magnitude (Bacon; personsl communication, Vogel &
Bommer (66) ). Further to this the growth rates of
the various standard strains were as expected in the
media in use (Bacon, personal communication),

In spite of this I do feel that 1 have probably
pucceeded in isolating some new mutants which show
growth characteristice in diphasic media like those of
strain W2-250, and appear to have abnormsl acetyl-
ornithinase levels in repressive and non-repressive
media, all of which suggests the possibliity that they
may be argR mutantis, Even with & successful assay
however, it would be necessary to assay the activity of
some of the other arginine biosynthetic enszymes under
similer conditions, snd probebly also to map the sites
of the mutations responsible in the new strains; such
that it could be definitely proved that any, or all of
these new strains are of the same type as W2-250,

Time did not permit me to progress this far, as delays
were csused by the difficulties with the sonication
procedure and by the fact that none of the strains
selected for growth studies would tolerate the presence
of sucrose (38) es en osmotic support in the peniecillin
selection procedures as originally proposed by Gorini
(23).

The studies on pacesetting provided en interesting
basis for further enalysis, This wes the spparent
ability of some "pacesetting factor" to be transferred



from a culture medium in which cells had entered a
preaature stationary phase caused by pecesetting,

into a culture where the cells were genetically derep-
ressed, thus csusing such cells to be paceset in to a
stationary phase also, desplte the absence of arginine
in their mediun, The first studies of this were with
strain W2-250 which has acetylornithine supplement in
derepressed cultures, suggested that the acetylornithine
peraease enzyme seenmed to be subjeet to repressive
effecte fron the firet phase growth in arginine, a
feature attributed to a "memory effect” by Vogel (59)
who also noted that this could be relieved by dilution
into f'resh nedium, But the apparent involvement of the
acetylornithine permease cannot be applied to the strain
§2-25/8 whieh con synthesize its own arginine supply

in minimsl medium (at a slow rate), and yet shows marked
pecesetting effects, especially when citrulline is
present in the second phase, All of thls pointes to
enother idea from Vogel (60) in which he suggests that
some coaponent of the enzyme formlng system decreases

as the length of time in erginine increases, thus iaply-
ing a decrease in the number of functional enzyame form-
ing sites per cell, This seens hard to reconcile with
the rapid recovery of completely stationary paceset cells
when diluted into fresh medium; how can they suddenly
develop enough enzyme foraing sites in functional
condition to suddenly begin almost normal growth in
acetylornithine when diluted 4:10 fron such an "abnoramal”
stationery phase? Vogel (60) stetes that the cell
density does not appear to be a factor in second phase
growth rates, so that this possibility can be discounted,
However nelther of these models explain ay observation
of the transferability phenomenon, snd 1 am teapted to
invoke some “"ezternal” influence; either the lack of
something essential in the medium (which camnnot be
provided by the simple addition of more acetylornithine)
or the presence of some inhibitory factor whiech increases
in the presence of erginine, In the latter case one
would be faced with the interesting possibility of
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intercellulsr "communication", The former cese seems
more likely and the inecreasing effeect of pacesetting
might possibly be easily esbolished by some siample
sddition sueh as sdjustuent of the pH or extra Hg**.
This factor was certainly not acetylornithine, a&s a
culture of %W2-250 which hed entered a premature station-
ary phase, ccused either by pacesetting or a lack of
arginine (see seetion3j ) could not be relieved from
this stationary phase by the addition of' acetylornithine
(30ug/cmd extra) as long as the cells remained in the
same aedium at the sane density. Nevertheless the
effect of the overnight medium supplement, particularly
when it is repressive like arginine or cecitrulline,
cannot be ignored, This suggests that some intra-
cellular effect is present, because an inoculum derived
from such a repressive medium, and despite weshing in
unsupplemented ninimal mediun, will show the effects

of sueh an orizin in its subseguent growth in acetyl-
ornithine or minimel medium, and even in diplhzeic media
involving firet phase growth in arginine, Results
conmpared with non-repressive overnight medium for
inoculum) (see section A3),
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Basic Steps (68)

A

S8tep Revection catalysed

Gene leap Fosition Ref,

1. L-glotemste —» H-acetyl-lL-giutamate

2, H=acetyl-L glutamate =
Hegeetyl=-L=-glutamyl phoaphate

3. HN-acetyl-l~glutamyl phosphate —»
H-acetyl—L—glutamio-B-smS.amawaa

4, Neacetyl-L-glutanic-3-semialdehyde
- ¥ =acetylornithine

5. Ne~secetyl-ornithine —-» ornithine

6., ornithine =& citrulline

7. ecitruliine - L-arginino-succinate
8. earginino~-succinate == arginine

Other Associsted Geness

Represgion ¢control of the arginine bio-
synthetic pathway via a repressor
protein product

An arginine inducible enzyme 4, or
second Rgene

An erginine repressible ormithine trans~

carbemylase reported in K~12 (21) &
B (19)

arginyl-t-RiiA-gynthetase
arginine peracase

A
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620'
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35"
-

(73)
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(73)
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(53)

(21,19)
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Iable 214 (68)
Enzynes of Arginine Biosynthesis in Egeherdchis coll.

BEtep inzgyae

Common Name Systematic Name
1. N-seetylglutamate Acetyl-CoAtl-glutanate Negecetyl
synthetase transferose (B0 2.3.1.1.)
2, Negcetyl-8-glutano-= ATPsll=gcetyl-L=glutenate=5=
kinase phospho transferase
3., Neacetylglutamice-8- H-poetyl-leglutanate 8 seaialde-
senialdehyde hyde:NADP oxidoreductase
dehydrogenase (phosphoryleting)
L, Acetylormithine - *fl=acetyl=L=ornl thine s 2=-0x0~
- trengsainsse glutarate aminotransferase
(BC 2,6.1.11)
£, Acetylornithinase *wijeggetyl-l~ornithine amido=-
hydrolase (EO 3.5.1&16)
6, Ornithine trans- Carbamoyl phosphatesl-ornithine
carbanylase carbanoyltransferase (EC 2.1.3.3)
7. Arginincsucecinate L-citrulline:l~aspartate ligase
synthetase (AMP) (EC 6.3.4.5)
8, Argininosuccinate L-argininosuccinate arginine-

lyese lyase (EC L.3.2.1)




Table A-III
"Some Acetylornithinese Activities"

Strain Acetyl ornithinese activity Units Reference
Repressed Polised Derepressed
39A=-23R3 11 - 119 units/ag (59)
K-12 0,08 020 1.00 relative (64)
Wewild 10 57 ~ units/ag (5)
B-wild 3.3 L,35 - uni ta/ng (36)
39A-23R1 8.3 - 1.6 relative (58)
K=-12 0e8 21.0 - unita/ag (25)
(total ary
weight)
we2 (argR ) 120 125 as above (25)
39A=23R3 15 39 100 relative (9)

The data here are for comperison with those in seection C,
table V page 36, with particular respect to the values
shown by the W strains: 39A-23R1 end 39A-23R3, W wild type
and We2. 1 expected ay etraing te produce the following
acetylornithinese ectivities: in units/mg of protein:

Strein Sl + AcOrn SHE + Arg
W2-L0 100 10-15
W2=-25/8 120-130 10-15
W2-250 70=80 20=30

Datas: personal communication with Professor Bacon,



Figure A-1
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Incubation Time at 37°C(hours.)

"Diphasic growth of strain W-39A-23 on mixed supplements of
Hdlacetyl—L—ornithine(SO ug/cmB) and L-arginine hydro-chloride
A; 2 ug/cm3 B: 4 ug[cm3 C: 8 ug/cm3 .

D: strain W-39A-23R3 in acetylornithine (50 ug/cm) and

arginine at 15 ug/cm3
both strains in an excess of arginine (5Oug/cm3):solid

symbols represent points common to all curves.
Adapted from Vogel: (1960 figure 1) ref:59
: (1961 figure 3) ref:61
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Figure A - 1I.
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Differen”ial rates; of formation of acetylornithinase and
acetylornithine=é- transaminase :adanted from Vogel(60,61)
A - early onset of derepression.

- late onset of derepression.

- acetylornithine transaminase.

o O W

- acetylornithninase.

Tnis figure 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 arginine than the cells
represented by line A in the figure.This appears to be the
vasis of the pnacesetting phenomenon, at the physiological
level,and cuold be explained by the proposed difference
in the repressive complexes of the two enzymes(ref.19)
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