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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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