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1. Introduction

The phosphoenolpyruvate-dependent phosphotrans-
ferase (PT)-system [1] plays a necessary role in the
uptake of a number of sugars (‘PT-sugars’) by
Escherichia coli but is not directly involved in the
uptake of others (‘non PT-sugars’) [2]. However,
mutants devoid of the enzyme that catalyses the first
step in the sequence of reactions required for the
phosphorylation of PT-sugars (Enzyme I) not only
fail to grow on PT-sugars but are also unable, or reluc-
tant, to grow on many non PT-sugars [3,4].

Since mutants devoid of Enzyme 1 activity (ptsl)
appear to be much more susceptible to catabolite
repression than their ptsI*-parents, it has been postu-
lated that traces of PT-sugars, such as glucose, suffice
to prevent the induction of the proteins needed for the
uptake and utilization of non PT-sugars [4]. In support
of this view, further mutants have been described, in
strains of both Salmonella typhimurium [5] and E.
coli [6], in which the sensitivity to the presence of
PT-sugars has been overcome: the gene that specifies
this resistance to repression by carbohydrates (cr7) is
co-transducible with pts/. In particular, the uptake of
non PT-sugars by such pts/ crr double-mutants is no
longer inhibited by glucose or methyl-a-glucoside [4].
This implies either that a protein involved in the uptake
of PT- and non PT-sugars has been altered to lose its
sensitivity to glucose and methyl-a-glucoside, or that
the uptake of glucose and its analogue by cr7-mutants
is impaired. Although results of experiments with
cell-free extracts suggest that the crr’-gene specifies a
soluble protein involved in glucose phosphorylation
[7,8], this cannot be tested in intact cells since glucose
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and other PT-sugars cannot be utilized by mutants
devoid of Enzyme I activity.

It is the main purpose of this paper to report
experiments with E. coli mutants that contain a
temperature-sensitive Enzyme I, active at 30°C but
inactive (and rapidly destroyed) at 40°C; these mutants
also carry alleles of crr and of the ptsM-gene that
specifies one of the two ports of glucose uptake. The
results obtained suggest that the crr’-gene specifies a
component of the uptake system for glucose and
methyl-a-glucoside in which the ptsG*-gene product
also plays a part. The resistance of crr-mutants to
inhibition by methyl-a-glucoside is thus due mainly
to impairment of uptake and phosphorylation of this
analogue.

2. Experimental

The Hfr. C strain 519, which carries a gene (psl*5)
specifying an Enzyme I active at 30°C but inactive
(and rapidly destroyed) at 40°C, was isolated by Bourd
et al. [9]. This organism, like other pzs/-mutants, does
not grow on maltose at 40°C. The ptsf’S crr-mutant
JM1219 was isolated from ¢s19 as follows:

Maltose minimal medium was inoculated with a
culture of strain #5/9 and incubated at 40°C until the
resultant culture was fully growh (4 days). Bacterio-
phage P1 was then propagated on this culture and was
used to transduce strain JM 1169 ( a ptsl crr'-derivative
of strain ¢s/9-14 [6]) mannitol-positive transductants
being selected at 30°C. Some such transductants did
not grow on mannitol at 40°C and had thus inherited
the ptsl*S-allele of strain #5719 that must have still been
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present also in the donor. Indeed, many of the prs/fs-
transductants also grew on maltose at 40°C as well as
at 30°C: they were therefore presumed to be crr. One
such was purified by isolation of single colonies and,

designated JM 1219, was used for subsequent experi-
ments.

The ptsl’Scrr-genes were transferred to ptsl-derivates
of strain-K2.1t [10] by phage Pl-mediated transduction,
colonies being selected that grew on fructose at 30°C
but not at 40°C. As controls, similar transductants were
obtained with phage Pl that had been propagated on
the pzsl*Scrr” parental strain ts19. Cultures of these
transductants were grown, aerobically with shaking, at
30°C on defined media [11]. The methods used for mea-
surements of growth and of the incorporation of
14 C-labelled sugars have been previously described [12].

3. Results and discussion

In contrast to crr -derivatives of strain ts 19, that
are strongly inhibited in their growth on fructose by
many non-catabolizable analogues of glucose [12,13],
otherwise isogenic crr-strains grew on fructose in the
presence of methyl-a-D-glucoside and of 5-thio-D-glucose;
however, such strains were still inhibited by 2-deoxy-D-
glucose (fig.1). It is known that methyl-e-glucoside is
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Fig.1. Effect of glucose analogues on the growth of (a) strain
ts19 (err™) and (b) strain JM 1219 (crr) at 30°C with fructose

as carbon source. (0) No addition, (e) + methyl-a-D-glucoside
(2 mM), (2) + 2-deoxy-D-glucose (2 mM), (@) + 5-thio-D-glucose
(1 mM), (&) + 3-deoxy-3-fluoro-D-glucose (0.2 mM).
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taken up and phosphorylated via the sugar-specific
component of the PT-system specified by ptsG* [14],
whereas 2-deoxy-D-glucose is taken up predominantly
via a component specified by ptsM” [15]. The selective
inhibitory effects of glucose analogues therefore suggest
that crr-mutants are impaired in the former system of
glucose transport. This conclusion was confirmed by
measurements of the relative proportions of [*C]
fructose and glucose utilized by a variety of mutants
growing on equimolar mixtures of these hexoses, and
by studies of the growth of mutants also affected in
the ptsM-gene.

It has been established that when glucose is added
to cultures of strain K2.1t growing on PT-sugars such
as fructose, the continued uptake and utilization of
fructose is inhibited and glucose is used preferentially
{12,13]. This applies also to the utilisation of non
PT-sugars, such as lactose, when glucose is added [16].
However, crr-mutants do not exhibit this behaviour:
although glucose is used when added to cultures of
these mutants growing on fructose (fig.2), on sorbitol,
or on lactose, it is not used preferentially.

Although ptsI*Scrr-mutants grew on glucose as sole
carbon source at virtually the same rate as did their
ptsI*Scrr’-counterparts, removal of prsM-function caused
a drastic reduction in growth rate in the former strains
but not the latter. Thus, both the mutants PW 7 (ptsF’
crr’ ptsM*) and PW 8 (ptsi*Scrr ptsM*) grew on glucose
at 30°C with mean doubling time of about 2 h, whereas
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Fig.2. Incorporation of carbon from glucose (®) and fructose.
(0) by (a) strain PW 7 (cr7*) and (b) strain PW 8 (¢rr) during
growth at 30°C on equimolar mixtures of the two sugars.
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the mutant PW 10 (pzsi*S crr ptsM), required over 6 h
to double in mass. Since removal of ptsM-function
makes little difference to growth on glucose of crr'-
strains, it follows that most of the glucose utilized must

enter via the ptsG-system: this confirms results obtained

by other means [15,18]. The differences in the behav-
iour of ¢rr” and crr-mutants, illustrated in figs.1 and 2,
therefore point to a difference in functioning of the
ptsG-system: indeed, washed suspensions of ¢rr-
mutants take up methyl-a-D-[**C]glucoside less well
than do crr’-strains. Why this difference materially
affects growth on glucose only if the (quantitatively
minor) ptsM-system is also impaired remains to be
explained: it is not easily reconciled with various models
[8,17] that have been proposed to account for the
mechanism and control of the PT-system.
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