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CHAPTER 1

INTRODUCTION

One of the challenging problems for a bacterial cell is to detect chemical changes that constantly
occur in its environment, and to regulate and integrate its metabolism in response to such changes.
The primary function of many cellular activities in these organisms is directed towards this task.
These activities may include transport processes, cellular locomotion and chemotaxis, and the
secretion of digestive enzymes (Saier, ~ 1980; Postma and Lengeler, 1985;
Mitchell, 1985).

The transport of nutrients from the e t through the cell envelope into the
cytoplasm constitutes the first step of the #ggjjjjj#uisition process. Bacterial cells utilize a
variety of mechanisms in ttg {iRppe f§ WWﬁei‘fﬁi’ their subsequent metabolic
degradation. Effective regulation of thjretvaespont brosesbclycehe organism is necessary for the
prevention of futile energy expenditure and the maintenance of a fine balance between energy-
consuming biosynthetic pathways and energy-producing catabolic reactions (Dills et al., 1980,

Postma and Lengeler, 1985; Mitchell, 1985; Reizer et al., 1985). The past twenty years has seen
some progress being made in identifying and defining the mechanisms involved in bacterial
carbohydrate metabolism, and characterizing proteins involved in catalyzing these reactions (Saier
and Reizer, 1992; Tao et al., 1993; Bruckner et al., 1993).

Nutrients t t cross the envelopes of Gram-negative bacteria have to traverse a complex structure
consisting of a pair of membranes (periplasmic and cytoplasmic) interspersed by the periplasmic
space or periplasm. The two membranes have points of contact (zones of adhesion) with one
another, suggesting a more complex structure (Hirst and Welch, 1988). The surface of the cell wall
has proteins (porins) incorporated into it that function as hydrophilic pores of various diameters
through which water-soluble solutes can diffuse. The periplasm contains about 5% of the total
cellular protein (Saier, 1987).



Among proteins found in the periplasm is a special class of digestive enzymes that cleave
cytoplasmic membrane-impermeable compounds into molecules whose translocation across the
cytoplasmic membrane is catalyzed by the presence of specific transport systems or permeases.
These transport systems are localized primarily in the cytoplasmic membrane and they exhibit
specificities for different nutrients such as sugars, vitamins, amino acids, nucleotides and many
other compounds that are of nutritional value to the organism (Saier, 1977, 1987, Postma and
Lengeler, 1985; Hirst and Welch, 1988). There are two distinct major transport mechanisms by

which carbohydrates enter the cell, namely, group translocation and active transport.

Group translocation, normally referred to as the phospho-enol:sugar phosphotransferase

(PEP:PTS) system, is a multicomponent " fanumber of constitutively expressed,
cytoplasmic (soluble), substrate non-sj | membrane-bound (inducible), sugar
specific proteins (Kundig and Roseman, Roseman, 1976, Saier, 1977, Postma
and Lengc 1, 1985; Mitchell, 198S; | PEP:PTS transport system is widely

distributed in bacteria (Table 1). It involves Uion of at least four separate proteins that
function within the cell . mw «if 118 fuqt{%{lfréy phosphate group from
phosphoenolpyruvate to the incoming sy éFign1k.end fberoeerall reaction requires Mg* (Dills
et al, 1980; Ingraham et al., 1983; Saier and Reizer, 1992).

The last member of the chain, Enzyme II (EII), which forms an integral part of the membrane, also
serves as the carrier protein that brings the sugar across the membrane. The phosphocarrier

enzyme III (EIII), is a peripheral membrane protein which plays a critical role in the regulation of
carbohydrate transport (Mitchell, 1985). The first two members of the system, Enzyme I (EI) and
the histidine-containing protein (HPR) are cytoplasmic, constitutively expressed and sugar non-
specific in their action. These properties are responsible for the common function of these proteins
in all PEP:PTS transport systems in the cell. The other proteins, EII and EIII are both inducible,
substrate-specific and membrane-bound proteins (Dills et al,, 1980; Postma and Lengeler, 1985,
Mitchell, 1985; Ebner and Lengeler, 1988). Collectively, these proteins catalyze a single step
translocation and phosphorylation of solute molecules across the cytoplasmic membrane (Anderson
et al, 1971; Saier, 1977, Saier et al, 1983; Dills et al, 1980, Emi et al, 1982; Postma and
Lengeler, 1985; Mitchell, 1985; Saier, 1987).
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Fig. 1. Schematic representation of the phos/fJ#e system (PTS).
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(A high-energy phosph%qmtgp@&oiﬁwﬂa@ém is transferred through a
chain of carriers-Enzyme I (HIQ) 4 3tnadirhistidinecesteantiag protein (HPR), Enzyme IT

(EII), and Enzyme III (EII) to the incoming sugar. Enzyme II serves as the carrier protein

of this transport system).

(after Ingraham et al., 1983).












Bacterial sucrose metabolism has been reported in Bacillus subtilis (Robeson et al., 1983,
Steinmetz et al, 1989), and studied extensively in Streptococcus mutans (St. Martin and
Wittenberger, 1979, Slee and Tanzer, 1979, Thompson and Chassy, 1981; Robeson et al., 1983,
Keevil et al, 1984; Russell et al., 1985; Lunsford and Macrina, 1986; Tao et al., 1993). In both
these Gram-positive strains, a sucrose specific transport protein or Enz II (EII*™) of the PEP:PTS
and a sucrose-6-phosphate hydrolase (invertase) were found to be involved in sucrose transport
and metabolism and were both inducible by the addition of sucrose, fructose or raffinose to the
growth medium (Schmid et al,, 1988). Steinmetz et al. (1989) have reported the induction by
sucrose in B. subtilis of both the intracellular sucrase, coded for by the scr A gene, and the
extracellular levansucrase, coded for by the scr B gene. Although these findings suggest the

1 1° Al

existence of two different sucrose mete B. subtilis, the requirement for the

different systems and the role of levan, tt >f levansucrase, is not yet understood
(Ste metzet al., 1989). Studies have sho Irolyzing enzymes from a wide variety
of organisms share common ancestry (No n S. mutans, regarded as the principal

agent of human dental caries, sucrose is P the PEP:PTS system and subsequently

cleaved by invertase yielding gltgxfﬁ@-@faﬁl@e 6}1 %tfieﬁfﬁitgellular products (St. Martin
and Wittenberger, 1979, Lunsford andddeetive; 158H..

While Escherichia coli is normally unable to utilize sucrose (Palchaudhuri et al., 1977,
Alaeddinoglu and Charles, 1979), some isolates exhibit a sucrose-positive (Scr’) phenotype
(Johnson et al., 1976, Palchaudhuri ez al., 1977, Alaeddinoglu and Charles, 1979, Bartlett and
Trust, 1980). The genes that code for these variable metabolic processes seem to be located on
transmissible plasmids whose origin is not yet fully understood (Wohlhieter et al., 1975,
Palchaudhuri et al., 1977; Lengeler et al., 1982; Norman et al., 1995). Thus, strains of £. coli K12
and Salmonella typhimurium (LT2), which are plasmid-free, are unable to take up and ferment
sucrose or to mutate to a sucrose-positive phenotype (Smith and Parsell, 1975, Bartlett and Trust,
1980; Lengeler et al., 1982; Schmid et al., 1982; Garcia, 1985; Hardesty et al., 1987, Schmid et al.,
1988).

The sodium-solute co-transport system has been reported in both S. fyphimurium LT2 (Dills et al.,
198 and E. coli (Skulachev, 1987, Pourcher et al., 1995). The uptake of melibiose in £. coli and
S. . himurium LT2 is stimulated by sodium ions and inhibited by lithium ions in a process in which
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CHAPTER 2

GROWTH AND MUTAGENESIS OF ERWINIA CHRYSANTHEMI

Mutation is a very important biological phenomenon because it is the ultimate source of all
biological variation in life. By comparing the properties of mutant strains to those of the parent
strain, the function of the affected gene product can be deduced (Ingraham et al., 1983).
Mutations may be of two general types, spontaneous and induced. Spontaneous mutations
occur in the absence of huma intervention whereas induced mutations are alterations caused

by specific chemical or physical agents (™ * "°°" ™ ottet al, 1993).

The most powerful known chemical m ylating agents which add methyl or
ethyl groups to the heterocy c nitrog; NA bases. These mutagens cause a
variety of mutations including transitions, vs and -1 frame-shifts (Ingraham et al,,
1983, Prescott et al., 1993). @%ﬁ}@%?ﬁfﬁts ﬁ%‘ﬁﬁtﬁﬁfg‘an" sulfonate (EMS) are
favoured mutagens over methylatifg qgemtesuch Axodfzsegranidine (NG) in that with NG-
generated mutations one cannot be assured that all the altered phenotypic properties of a

mutant strain are a result of the selected mutation (Ingraham et al., 1983).

Intercalating agents are planar molecules that can insert between the stacked pairs of bases in
the centre of the DNA molecule. Such incorporation distorts the backbone of the double helix
in such a way that frame-shift mutations can occur when the distorted helix is replicated. One
or more base pairs can be added or deleted from the molecule. The most useful of the
intercalating agents for mutating bacteria is the one synthesized at the Institute for Cancer

Research (ICR) in Fox Chase, Pennsylvania, and designated ICR 191 (Ingraham et al., 1983).

The elucidation of the multi : functions of the constituents of the various bacterial transport
systems has benefited fromt isolation of mutants defective in one or more of these transport
components. Mutants unable to utilize all PTS carbohydrates have been isolated and were
invariably found to be mutated in the general PTS proteins, EI or HPr or both (Postma and
Lengeler, 1985).
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In this chapter the methods used in generating and isolating mutants of E. chrysanthemi and
an investigation of the effects of various carbon sources on the growth of E. chrysanthemi, are
reported. The isolated mutants are further characterized on the basis of their phenotypic

expressions on different carbon sources.

2.1. MATERIALS AND METHODS

2.1.1. Organism.

A locally isolated E. chrysanthemi strain (Mildenhall, 1974) was used for these studies. This

strain and its mutants were stored as w ' repared as follows: One millilitre of
an overnight shake-culture of £. chrysc 30°C in Luria Broth (see below for
medium formulation), was centrifuged lcrocentrifuge at room temperature
for 5 min, washed once in sterile dout and resuspended in 10 ml of sterile

double dist ed water. A 100-fold dilutiovpension was made into sterile double

distilled water and the strains Uﬁﬁ mﬁpeﬁl Faéfff PPy tgimperature in the dark. The

strai remained viable for at least menther
2.1.2. Chemicals.

Raffinose and melibiose were obtained from BDH Chemicals Ltd. (Poole, England). ICR 191
was obtained from the Department of Microbiology, University of Iowa (U.S.A). EMS was
purchased from E. Merck (Federal Republic of Germany). All other chemicals were obtained

either from E. Merck or Biolab and were of analytical grade unless otherwise stated.
2.1.3. Media.

The following media, prepared according to Miller (1972), were used in the studies reported
in this chapter. All media were sterilized by autoclaving at 101 kPa (121°C) for 20 min. To
prepare agar plates, the media were solidified by the addition of 15 g/l of either Difco or
Biolab agar before autoclaving. The sugars were made up separately in HO and filter-

sterilized through a 0.22 um-pore-size Millex filter (Millipore Corp., Bedford, Mass.).
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100 pg/ml stock and the tubes containing 8, 10, 12, 14, 16, 20, 30, 40 and 50 pg/ml were

sup; :mented from the 1 mg/ml stock solution.

Aliquots of 0.1 ml of a 10 dilution of an overnight EC-C culture grown in Luria Broth were
dispensed into each of the test tubes. The absorbance at 600 nm was determined for all tubes,
using medium A as a blank. The tubes, still covered with aluminium foil, were incubated
overnight with shaking (200 rpm) at 30°C. The absorbance of the overnight mutagenized

cultures was measured before plating.

2.1.6.4. Isolation of mutants.

Serial dilutions (10~ to 107) of the res in Luria Broth were spread on
MacConkey agar plates supplemented yse, raffinose or sucrose. The plates
were incubated at 30°C for 72 h and ir lonies picked and checked for purity

by routinely streaking on fresh MacCon'pplemented with the same sugar. The
phenotype of each mutanf [jppy &W%PFﬁﬁ% t@m on MacConkey agar
supplemented with lactose, melibidseysidrese or kattindken€bey were also streaked on crystal
violet-pectate (CVP) medium (Gray, 1985) using E. coli and EC-C as negative and positive

controls respectively.
2.1.6.5. Isolation of Lac™ mutants.

Individual EC-C mutants (Lac’) were streaked on YS lactose agar plates and left to incubate at
30°C for 3 days. Large slimy colonies were isolated, purified by routinely restreaking on fresh
YS lactose agar and tested for their Lac™ phenotype on MacConkey lactose agar with EC-S

and EC-C as positive and negative controls respectively.
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The production of mutants was achieved by the use of two mutagens, ethyl methyl sulfonate

(EMS) and ICR 191. A collection of mutants unable to grow on one or more of the sugars was
isolated (Table 6). Each of these mutants isolated after EMS or ICR 191 mutagenesis was scored
for its ability or inability to ferment each one of these sugars. Based on their phenotypes, the
mutants were divided into seven and five classes after EMS and ICR 191 mutagenesis respectively.
Each category was characterized by a defect in the metabolism of one or more of the sugars. It is
not clear why only five classes were obtained with ICR 191.

Table 6. Properties of isolated mutant strains.

Mutagen
EMS |ICR 191 Ph CVP" | Class
FH 10 Raf"M + 1
FH 11 | FH 100 Raf Ml T 2
FH 12 |FH 101 Uratversity 1hdt H Ir + 3
FH13 | FH 102 Rat PN frggeettence 2
FH 14 | FH 103 Raf” Mel " Ser " Lac ” + 5
FH15 | FH 104 Raf " Mel * Scr " Lac ~ + 6
FH 16 Raf Mel " Ser "Lac ™ + 7
EC-S Raf " Mel * Scr "Lac * +
EC-C Raf " Mel * Ser " Lac” +
E. coli -

*Individu: mutant colonies were picked and cross-streaked on MacConkey agar
supplemented with different sugars at 1% (w/v). The plates were incubated at 30°C for 72 h
before scoring for positive (+) and negative (-) reactions.

® A positive reaction on CV ' was characterized by the formation of a well as a result of the
hydrolysis of the polypectate by the pectic enzymes produced by the Erwinia species.
EC-C and EC-S were included as positive controls and E. coli as a negative one.
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3.1.2.2. BONPG.

B-ONPG (100 mg) was dissolved in 25 ml of distilled water to give a 13.2 mM solution. A fresh

solution was prepared every week and stored in the dark at 4°C.

3.1.2.3. 5-Bromo-4-chloro-3-indolyl- a-D-galactopyranoside (X-gal) agar.

X-gal agar was prepared according to Gray (1985) and contained:

X-gal (40 mg/ml in dimethyl forn 1.0 ml
YS agar 11

The medium was supplemented with either JJIIPZ%%), glycerol (0.05%) + melibiose (0.2%)
or glycerol (0.05%) + raﬂinostji)ﬁ‘)(y]glp@lrgyk s Plepgriseffniqglass Petri dishes, allowed to

dry for at least 24 h, and stored in pldstig Bagsin the darke
3.1.3. Buffers.

3.1.3.1. Acetate,phosphate and tris-HCI.

The following 0.1 M buffer solutions at different pH values were prepared in double distilled water
and supplemented with MgS0,4.7H,0 to a final concentration of 0.1%:

Sodium acetate pH’s3.7,4.8 and 5.6
Sodium phosphate pH’s6.4;,7,7.4 and 8
Tris-1 I pH9
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B-ONPG (100 mg) was dissolved in 25 ml of distilled water to give a 13.2 mM solution. A fresh

sol ion was prepared every week and stored in the dark at 4°C.
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1 M MgSO,.7H,0O 0.25 ml
X-gal (40 mg/ml in dimethyl forn 1.0 ml
YS agar 11
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3.1.5.2. Invertase assay.

Invertase activity was determined by a modification of the methods reported by Schmid et al.
(1982) and Hardesty et al. (1987) as follows:

The assay mixture contained:
Cell suspension 250 ul
Phosphate buffer pH 6.6 250 ul
Toluene 10 pl

After mixing and equilibrating the tubes ¢ 00 mM sucrose solution was added to

each tube and incubation continued for : ie reaction was stopped by boiling the

tubes for 3 min. For a blank, sucrose was ad {SSGUi#®ling. The samples were centrifuged and the

supernatant fluid collected for fgtgringing glycng dJempritrdtipn rath a commercially available
glucose-dehydrogenase (E. Merck, Hederdl Republicof ity test kit as follows:

Supernatant 100 ul
Gluc-DH reagent 1 ml

After a 15 min incubation at 30°C, the ODs4 of the assay tubes and the appropriate blanks was
measured in a Milton Roy Spectronic 1201 spectrophotometer.

Enzyme unit = pmol/min/ml/ODsqgo
3.1.6. Transport of “C-labelled sucrose.
Sucrose uptake assays (Schmid et al., 1982; Gray et al, 1986) were carried out at room

temperature in Eppendorf microfuge tubes. After equilibrating 0.3 ml cells for 5 min in phosphate
buffer, uptake was initiated by the addition of 50 ul of a 10-fold diluted labelled sucrose
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(ii) pH optimum and pH stability

The determination of enzyme activity was done in triplicate at each pH. The assay procedure was
similar to the one used in establishing the progress curve but scaled down in volume and carried out
in Eppendorf microfuge tubes.

The reaction mixtures were incubated for 30 min at 30°C before determining the absorbance at

420 nm. For pH stability, the crude enzyme was incubated with individual buffers in equal volumes
and left to stand at room temperature for 3 h before its activity was assayed in phosphate buffer
(pH 7 .4) as described for pH optimum.

(iii) Temperature optimum and tc

Temperature optimum was determined | yme activity at different temperatures
ranging from 0°C (ice-water slurry) to loovvater bath). The assay procedure was as

described previously for pH Om Wmmlﬁealf;ger at pH 7.4 was used. For

temperature stability, 0.5 ml of cell Yopgpsioarwas BlseeWedinto Eppendorf microfuge tubes and
pre-incubated at various temperatures for 1 h before assaying for enzyme activity in phosphate

buffer (pH 7.4) at 30°C as described for pH optimum.
(iv) K., and Vs
The K, and Vmax were measured at 30°C in phosphate buffer (pH 7.4) over a substrate

concentration range of 0.24 mM to 0.96 mM. Details of the assay procedure were similar to those
reported for determining other kinetic parameters.
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A comparison of the protein composition of the various mutant strains by PAGE failed to reveal
the absence of any major protein bands in the strains tested (Fig. 25). An in sifu method was
developed for the screening of a- and B-galactosidase on Polyacrylamide gels using o-X-Gal and
B-X-Gal to stain specifically for a- and B-galactosidase activity respectively. E. coli B-galactosidase
was used as a standard and gave two distinct bands; one of higher molecular weight and the other
of lower molecular weight. The mobility of the E. chrysanthemi (3-galactosidase corresponded to
the lower molecular weight E. coli B-galactosidase (Fig. 24).

A attempts to prove the presence or abs~—~~ ~¢~ ~~la~tacidage activity by incubating the gel with

o-X-Gal failed even in the presence of bo An attempt to purify o-galactosidase
by ion-exchange column chromatograph sssful as no active fractions could be
recovered. The possibility exists that, de stable, this enzyme may be present in

minute amounts in EC-C. In support ot - Zeilinger et al. (1993) encountered
difficulties in trying to purify Wcécis% p{ﬂixlgig It%, ﬁiﬁliogerma reesei because of its
tendency to elute in broad rather thafl shget heaks, resilting arlow levels of recovery. In E. coll, a-
gal tosidase is reported to require the presence of both Mn>" and NAD" for its stability and
ac ity enhancement (Burnstein and Kepes, 1971). Furthermore, Nagao et al. (1988) failed to
achieve the purification of this enzyme due to its instability. Wong (1990) also discovered that the
exoct llar o-galactosidase found in A. vinelandii rapidly lost activity once isolated.

The various results obtained indicate that there is a great deal of overlap between the various
pathways that are responsible for the metabolism of lactose, melibiose, raffinose and sucrose in E.
chrysanthemi. A further complication is the apparent presence of these enzymes, viz. .-
galactosidase, in both the cyto 1sm and the periplasm (Figs. 21 and 23). The potential pathways
for the met: olism of these sugars by E. chrysanthemi, which are supported by the data obtained

on the various mutants, are outlined in Fig. 26.






























































