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" SUMMARY

STUDY OF Streptomyces B-LACTAMASE.

B-lactamases play an important part in the resistance of many
bacteria to B-lactam antibiotics. This degradative enzyme hydrolyses the
amide bond 1in the B-lactam ring of susceptible penicillins and
cephalosporins.

70% of antibiotics including the B-lactam compounds are
produced by Streptomyces. In addition, Streptomyces produce a number of
extracellular enzymes, including B-lactamases.

In this study, the production of B-lactamase by Streptomyces
wae examined. Out of 15 Actinomycete strains screened 3, Streptomyces
albofaciens, Streptomyces rimosus and Streptomyces violaceoniger, were
tound to produce significant amounts of B-lactamase. From time course
gtudies, it was found that all 3 organisms produced the enzyme early in
the life cycle and that S.albofaciens had the greatest yield of B-
lactamase.

Analysis of affinity chromatography purified B-lactamase from
S. albofaciens, indicated that the enzyme was a serine type B-lactamase
with a molecular weight of aproximately 52kDa.

Semi-purified B-lactamase from S. albofaciens was used to
raise anti-sera in rabbit. In Western—-blot analysis of crude extra
cellular enzyme Irom S.albofaciens, S.rimosus, S.violaceoniger, and the
semi- purified 8-lactamase, there appeared to be some degree of homology

between the B-lactamases of these 3 microorganisms.



The anti-sera was also used to screen a gene bank of S.albofaciens in
AL47. 12 recombinants were isolated and DNA prepared from them was
mapped and sub-cloned into an £.coli-Streptomyces shuttle vector pQRL.
In addition attempts were made to subclone the bla gene into pQR1 and
transformed into the Streptomyces host Streptomyces lividans.
R-lactamase activity from the Streptomyces 1Iividans transformants

displaved B-lactamase activity on agar plates.



2 IRTRODUCTION

2.1 Streptomyces in general

The genus Streptomyces (VWaksman and Henrici, 1943) is a member
of the family Streptomyceae (Vaksman and Henrici, 1943) in the bacterial
order Actinomycetales (Buchanan, 1918). The name Streptomyces means
*chain fungus"., Streptomyces, however, are aerobic, Gram-positive soil
bacteria that grow vegetatively as branching and normally non-
fragmenting mycelium (usually 0.5-2.0 um thick), individual branches of
which are called hyphae. Streptomyces DNA bhave an unusually high content
of G+C base pairs (about 73%) (Benignli et al., 1975) compared to
Escherichia coli (about 49%) and Bacillus subtilis (about 43%). The
genome size 1is large, estimates varying from 3.7-7.0 x10°® Daltoms
(Gladek et al., 1984; Benigni et al., 1975).

Streptomyces are able to penetrate and solubilise insoluble
organic material such as plant and fungal remains by the production of
extracellular hydrolytic enzymes. The formation of branches of hyphae
facilitate rapid growth. After a certain amount of growth, some unknown
stimulus (usually thought to arise from nutritional depletion) causes
aerial branches to develop on the vegetative or substrate mycelium
surface. These branches can subsequently differentiate into chains of
spores. In the appropriate conditions single spores can germinate and
initiate colony formation.

The germination of some Streptomyces spores depend on divalent
metal ions and may be stimulated by heat (Hirsch and Ensign, 1976) or by

mechanical damage (Stastn&, 1977). The spore swells and loses



refractility and one or more germ tubes emerge (Atwell and Cross, 1973).
The germ tube growing out from germinated spores develop into young
vegetative hyphae. The young colony on solid medium consists of radially
growing major hyphae which then produce side branches at intervals, some
of which turn to grow in a radial direction thereby increasing the
number of major hyphae as the colony grows (Hopwood, 1960).

The cell wall has the normal trimellar density distribution
common 1in Grampositive bacteria (Millward and Reaveley, 1974).
Transverse septa occur infrequently and primarily in the "older"
portions of the mycelium. The growth of actinomycete vegetative hyphae
like that of fungi 1s apparently almost entirely confined to apical
regions (Gottlieb, 1953; Schuhmann and Bergter, 1976).

Aerial hyphae originate as simple branches of the substrate
mycelium (Hopwood, 1960). They have about the same diameter as the
largest of the substrate hyphae, but are distinguished from them by
being straighter and less branched. In contrast to the vegetative
mycelium, the aerial mycelium is hydrophobic. The aerial hyphae have an
enveloping "fibrous" sheath (Hopwood and Glauert, 1961; Vildermuth et
al., 1971) which is thought to act as a barrier to protect the cytoplasm
of these hyphae from rapid desiccation.

For some streptomycetes, differentiation may need endogenously
produced diffusible factors, an example of which is the A-factor (2[S])-
isocaproylyl-3[Rl-hydroxymethylbutyrolactone, Kleiner et al., 1976) of
Streptomyces griseus (Khoklov et al., 1973). S. griseus mutants lacking
A-factor are deficient in sporulation and biosynthesis of the antibiotic
streptomycin. By the addition of low concentration of factor A, both

functions are regained (Kleiner et al., 1976; Hara and Beppu, 1982).



However, A-factor is not important for all species of Streptomyces,
S.coelicolor A3(2) produces 1t and yet does not need 1t for
morphological differentiation (Hara et al., 1983).

In S.coelicolor the young aerial mycelium is white, and as
sporulation occurs the colonies turn from white to grey. The aerial
hyphae form spores by a sequence of events which involve coiling of the
hyphal tip, sub-division of the long apical cell by almost simultaneous
growth of a number of closely spaced ‘“sporulation septa" and finally
rounding up of the newly formed spores and thickening of the spore
walls. The sporulation septa form in a manner quite distinct from that
of the transverse septa found in substrate and aerial hyphae unconnected
with sporulation (Vildermuth and Hopwood, 1970). It must be noted that
fromtdetailed study of sporulation in §.coelicolor, there are mutants
which fail to produce mature spores (Hopwood et al., 1970; Chater,
1972). Since aerial mycelia change from white to grey only in the final
stages of spore maturation, such mutants can easily be recognised.
During the formation of aerial mycelia and spores, the substrate
mycelium undergoes massive lysis. It 1is thought that the release of
nutrients from the substrate mycelium provides nutrients for the
developing aerial mycelium. In Streptomyces, any part of the colony -

spores or fragments of substrate or aerial hyphae can give rise to a new

colaony.

2.2 Extracellular products from Streptomyces
Streptomyces produce a wide variety of proteins. These
organisms have long been a source of protein products, for example,

commercially available pronase from S griseus (Villiam et al., 1883),



and restriction endonucleases (Fuchs et al., 1980). Additionally, they
may provide a source for therapeutic agents useful in the treatment of a
variety of diseases for example, a PB-andrenergic receptor antagonist
from S.gabonae (Kase et al., 1986) and Avermectin -~ a potent
antihelmingéc agent (Burg et al., 1979)., Streptavidin isolated from &S.
avidinii, forms a very strong and specific complex with the water
soluble vitamin biotin. This strong and specific biotin binding capacity
of streptavidin has been exploited for the detection, localisation or
purification of protein, carbohydrates and nucleic acids. Streptomyces
have also gained interest for the biotechnological utilisation of high
molecular weight carbohydrates. This has initiated the cloning of genes
for xylanases (Mondou et al., 1986; Iwasaki et al., 1986), for o-
amylases (Mckillop et al., 1986; Hoshiko et al., 1987) and for
cellulases (Coppolecchia et al., 1987).

The genes for several of these proteins have been cloned and
sequenced and some of them are shown in Table 2.1. In most cases an
amino-terminal signal-sequence-like structure can be identified. It
appears that secretion 1in Streptomyces follows the known secretion

subtilis
mechanism of E. coli and Bacillus/\(81lhavy et al., 1983). For the
extracellular proteins, during the secretion process, the signal
sequence is cleaved by a signal peptidase, and the mature form of the

protein released into the medium. As in Bacillus, proteins are secreted

directly into the culture medium,



Table 2.1

Gene(s) or geme products

*Agarase

*a-amylase

*a—amylase inhibitor (Haim II)
#Chitinase

*8-lactamase

Cholesterol oxidase

*Bxtracellular DD-peptidase

*B-galactosidase
*Proteases A & B
*Streptavidin

$Tyrosinase (mel)

Xylanase

Sources
S.coelicolor
S. 1imosus
S, hygroscopicus
S. griseorsporeus
S.plicatus

S.albus
S. cacaol

S.lividans

Streptomyces sp
strain R61

S.lividans
S.griseus
S. avidinii

S.antibioticus

S. llvidans

% The gene(s) has had its entire nucleotide sequence determined.

Cloned Streptomycete extracellular proteins

References
Bibb et al., 1987;
Buttner et al., 1987;
Kendall and Cullum, 1984
Long et al., 1987;
McKillop et al., 1986.
Saito et al., 1986.
Robbins et al., 1988

Dehottay et al., 1986
Lenzini et al., 1987

Bailey et al., 1984

Duez et al., 1987

Eckhardt et al., 1987
Henderson et al., 1987

Argarana et al., 1986

Horinouchi and Beppu, 1985;

Katz et al., 1983

Nondou et al., 1986



2.3 _Biochemical basis of antiblotic resistance

Despite producing a number of commercially important
extracellular enzymes, 1nitial industrial importance of Streptomces
centered around the production of antibiotics. The biosynthetic
versatility of secondary metabolism in streptomycetes is illustrated by
the fact that of the 4973 naturally occurring antibiotics described by

1978, 2769 were of streptomycete origin (Berdy, 1980). They include a

great number of chemically different structures - aminoglycosides,
macrolides, tetracyclines, polyethers, ansamycins, f-lactams - . A
single strain often (perhaps typically) produces several diverse

chemical classes of antibiotics, as well as numerous minor variants of a
particular antibiotic family; often similar or identical antibiotics are
produced by taxonomically different species (Chater,1982). Some species
of Streptomyces may carry more than 100 expressed genes dedicated to
antibiotic production- over 1% of the genome (Hopwood et al., 1983).

The production of antibiotics by streptomycetes usually
coincides with that of aerial mycelium formation. Aerial hyphae appear
to grow at least partially by cannibalising the vegetative mycelium (for
example, serine proteases are induced in stationary-phase cultures of
S.lactamdurans. Ginter, 1979). During this stage in develpoment, the
lysing mycelium might easily be consumed by invading motile
microorganisms. The production of antibiotics may therefore, act as a
chemical defence mechanism.

The first Streptomyces genes to be cloned were those
responsible for the resistance to the antibiotics methylenomycin,
neomycin, thiostrepton, and viomycin (Hopwood et al., 1983). The last

three of these, and a cloned gene for tyrosinase which catalyses the



conversion of tyrosine to the black pigment melanin, were combined with
phage or plasmid replicons to produce a series of cloning vectors that
have been used to isolate genes for antibiotic biosynthesis. For
example, Gil and Hopwood (1984) cloned the gene for PABA synthetase, the
enzyme involved in the production of the polyene macrolide antibiotic
Candicidin.

As 1illustrated previously, Streptomyces produce the
majority of antibiotics, many of which are of great medical importance
including the f-lactam antibiotics. Thus the development of
mechanism(s) for avoiding suicide is imperative for the organisms'
survival. Resistance in biochemical terms may be due to:

(1)Modification of the target enzyme in the cell so that it is
insensitive to the inhibitor yet still able to carry out its
normal physiological function. The differential effect on the
target may be sometimes disadvantagous.

(2)Reduction in the physiological importance of the target.

(3)Duplication of the target enzyme, the second version being the
one resistant to inhibition.

(4)Prevention of access to the target.

(5)Synthesis by the bacteria of an enzyme capable of inactivating
the inhibitor.

(6)Increased levels of the enzyme inhibited by the antibiotic.

(7)Increased production of a metabolite that antagonizes the
inhibitor.

Resistance to antibiotics by both Grampositive and Gram-
negative microoganisms is of significant clinical importance. However,

no streptomycete is known to cause disease in or be commensal of man or



animals. Vhile only one (S. scabies) is a plant pathogen. Antibiotic
resistance genes from streptomycetes have been cloned onto a variety of
plasmids to obtain selectable markers, as well as to characterize
streptomycete DNA,

The work described in this thesis examines the production of B-lactamase by
streptomycetes. f-lactamases (penicillinases and cephalosporinases) are
a classic example of antibiotic destroying enzymes. The increasing
interest in f-lactamase is mainly due to the necessity of understanding
the mechanism of their action as agents responsible for increasing
resistance to R-lactam antibiotics found in a growing number of
microorganisms. f-lactamases can also be used in clinical laboratories
for routine identification of B-lactam antibiotics in blood serum and as
preparations causing ipactivation of f-lactams in sensitised patients.
These enzymes are also applied in the food industry to decompose f-
lactam antibiotics in milk (Peczynska-Czoch and Mordaski, 1988).

In p-lactam antibiotic producers, f-lactamase cannot be the
means of self-protection. Chiefly because this results in the futile
production of the P-lactam compounds if the organism then secretes an
enzyme to inactivate the antibiotic. In addition B-lactam antibiotic
producers may secrete f-lactamase but at a different point in their
life~cycle. Though it is becoming increasingly obvious that primary and
secondary metabolism overlap, the peak production of f-lactam antibiotic
occurs much later than f-lactamase. The production of f-lactamase in
the early part of the Streptomycete life-cycle was demonstrated in the
work described in this thesis. The producers of f-lactam compounds then
do not degrade their own antibiotics. They are resistant probably due to

very resistant cell wall synthesising enzymes. In this work, evidence




for this was seen when microorganisms that did not produce g-lactamase
and yet were able to grow on high concentrations of ampicillin. In
further work the growth of fg-lactamase producers on very high
concentrations of f-lactam antibiotics, did not result in increased
production of the f-lactamase enzyme in response to the stress imposed

on the Streptomycete.

2.4 _f-lactamases

Enzymes capable of hydrolysing f-lactam rings are termed S-
lactamases (E.C.3.5.2.6. penicillin [cephalosporin]l amido-f-lactan
hydrolase). pB-lactamases are elaborated by bacteria as a defence
mechanism against f-lactam antibiotics; these compounds are completely
inactivated by the hydrolysis of the B-lactam ring catalysed by -

lactamases Figure 2.1.

O—cugconu\ CHa

CHa
o” A N Ncoone
Benzyipenicillin S-lactamase
+HO0
Y
CHzCONH: S _CHo
COOH N,,_fc"a .
Benzylpenicilloic acid COO™ Na
(Antibacterially inactive)

Figure 2.1 Generalised reaction catalysed by B-lactamase with

Benzylpenicillin as the substrate.



B-lactamase production, as discussed previously, is not the
only mode by which strains of bacteria may be resistant to antibiotics,
but it is particularly important because it depends on the presence of a
single gene. In the enterobacteria, the gene for f-lactamase is often
carried on plasmids, and can therefore be transferred between species.
They are frequently found as components of transposons in Gram—negative
microorganisms, and may transfer between plasmids and from plasmids to
the bacterial chromosome.

Besides B-lactamases, B-lactam antibiotics are susceptible to
enzymic modification and degradation by other groups of enzymes. Figure
2.2 below shows sites in penicillins and cephalosporins that are

susceptible to enzymic attack.

\ Penicillins
ﬁ H
|
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2 75 N
o T COOH
|
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2 & ¥ 2 3
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Figure 2.2 Sites for enzymic attack on penicillins and cephalosporins:

1, B-lactamase; 2, acylase; 3,esterase.



The amidase or acylase enzymes, produced by a range of Gram-
negative bacteria, fungi and mammals (Ogawara, 1984; Cole, 1964), removes
the acyl side chain from B-lactam antibiotics; the cleavage often
results in reduction of antibacterial activity. However, the amidase
reaction being reversible (Okachi, 1979), 1is not a serious cause of
penicillin resistance, but is used in industry for the preparation of
semisynthetic penicillins and cephalosporins. Penicillin amidase in the
form of immobilised preparations are applied in the production of 6-
amino penicillanic acid on an industrial scale (Vandamme, 1983).

In cephalosporins such as Cephalothin, in which the R' group
is an acyl ester, then the compound will be sensitive to the action of
both mammalian and bacterial esterases. Such enzymes cleave the ester
bond, converting the compound to a less potent antibiotic (Sykes and
Matthew, 1987).

The discovery that some common bacteria produce an enzyme
which could destroy the activity of penicillins was reported by Edward
Abraham and Ernst Chain in 1940, a year before the first clinical paper
on penicillin from their group in Oxford. At the time of their original
discovery, *“penicillinase", was known to be a hydrolytic enzyme
producing an acidic breakdown product of ©penicillin devoid of
antibacterial activity. It was not until almost ten years later, after
the structure of penicillin was elucidated that the hydrolytic action of
the enzyme was understood. Abrabam and his colleagues identified the
product of hydrolysis as penicilloic acid.

As shown in Figure 2.3 there are many f-lactameses in nature.
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Production of PB-lactamases has been reported from Gramnegative and
Gram-positive bacteria (Richmond and Sykes, 1973; Sykes amd Matthew,
1976); actinomycetes (Ogawara, 1975; Ogawara et al., 1978, 1981); yeasts
(Mehta and Nash, 1978); blue-green algae {(Kushner and Breil, 1977). B-
lactamase activity is not confined to microbial source, Mammalian liver
contains an ester-specific f-lactamase (Snow, 1962), and Koch et al.,
(1953) found a B-lactamase in rat brain. These enzymes exhibit a
considerable specificity in that their only substrates are compounds
containing a reactive f-lactam ring.

The advent of penicillin in clinical therapy, applied a
selection pressure on the Grampositive cocci, resulting in the
appearance in hospitals of f-lactamase producing, penicillin resistant
strains of Staphyloccus aureus. This in turn led to the pressure to
discover new f-lactam antibiotics to overcome the problem. Introduction
of new antibiotics applied additional pressure to the microbial
population completing the cycle. A major driving force for this cycle of

events has been provided by f-lactamases.

2.5 Classification of §-lactamases

Much of the classification of B-lactamase has been carried out
on Gramnegative bacteria mainly because of their clinical importance.
The 1initial classification of fp-lactamases followed +the general
principle of describing enzymes by the characterisation of their
relative activity against g-lactams (“substrate profiles"). On this
basis enzymes were classified as being penicillinases (very much greater

hydrolytic activity against pemnicillins than against cephalosporins) or



as cephalosporinase. This method proved to be inadequate, since enzymes
having similiar substrate profiles may have different characteristics in
other parameters such as inhibition profiles.

The use of analytical isoelectricfocusing (IEF), has proved to
be a useful tool in the classification of f-lactamases. Proteins migrate
according to their isoelectric points (pl) in pH gradients produced
electrophoretically on thin layers of polyacrylamide gels or agarose
(Vecoli, et al, 1983). R-lactamases are visualised with a cephalosporin
substrate (nitrocefin) being hydrolysed to a chromogenic (red) product
(0*Callaghan, et al., 1972). This method allows the separation of B-
lactamases without previous purification and has proved especially
useful for grouping plasmid mediated f-lactamases and the detection of
chromosomal f-lactamase in virtually all bacterial species studied
(Matthew et al., 1976). It has also allowed the fingerprinting of B-
lactamases to the point of separating enzymes differing in only one
amino acid; for example, the ampicillin resistant f-lactamase of B. coli
TEM1 and TEMZ2 (Sutcliffe, 1978),

Vith the availability of structural data on B-lactamase,
Ambler (1980) proposed a classification system based on sequence
homology. At the present time, 3 classes A, B and C have been

designated.

2.5.1 CLASS A

These penicillinase type enzymes contain an active site serine
but have no sequence relationship to any known serine proteases
(Herzberg and Moult, 1987). In contrast to the serine proteases, which

utilise a histidine in their catalytic mechanism (Kraut, 1977), Class A



f-lactamases lack a conserved histidine residue among the known
sequences.

The penicillinases of S.aureus PCl, B.licheniformis 794/C,
B. cereus 569/H, f-lactamase 1 B.cereus 5B and E.coli TEM-1 and TEM-2,
belong to the Class A B-lactamases. Despite being penicillinases, these
B~lactamases differ widely in their isocelectric points and in their
substrate profiles. The TEM enzymes are transported into the periplasmic
space of Gramnegative organisms. All of the Gram-positive enzymes are
secreted into the medium, but in some cases for example,
B.licheniformis, a small amount of the enzyme remains attached to the
cell- surface. B.licheniformis has two forms of B-lactamases, a membrane
-bound and a secreted form which are products of the same gene (Chang et
al, 1982). Maturation of the bound form occurs with cleavage at a
cysteine residue in the leader sequence, and attachment of glyceryl
palmitate to provide a hydrophobic handle which anchors the protein in
the membrane. In the secreted enzyme a further 16 or so residues are
removed. Similar mechanisms have been demonstrated (Nielsen and Lampen,
18982) for the Class A enzymes in S. aureus and in a Class C enzyme. The
B.cereus 569/H Class A enzyme is not found in a cell-bound form,
(Connolly and Valey, 1983; Nielsen and Lampen, 1983), and the gene
sequence shows there is no appropriate cysteine in the leader sequence.
There is homology between the amino acid sequence around the penicillin
binding site of the D-alanine carboxypeptidase of B. stearothermophilus
and B. subtilis and the sequence around the active site Serine of the
Class A f-lactamases, supporting the hypothesis that these f-lactamases
may be derived from PBP involved in peptidoglycan synthesis (Yocum and

Vaxman, 1979; VWaxman, 1982).



2.5.2_ CLASS B

This f-lactamase only detected in B.cereus 569/H (Kuwabara and
Abraham, 1967) and Pseudomonas maltophilia (Saino et al.,1982), requires
a metal co-factor normally Zn Il (Davies and Abraham, 1974) and is more
active against cephalosporins <(Yocumiz et al., 1979; Vaxman et al.,
1982) than the Class A in the same organism. No homology with Class A
enzymes have been detected. Baldwin et al., (1979) showed that the
essential Zn is liganded by 3 histidine residues and a cysteine residue
(the only cysteine residue). The only other penicillin-interacting
protein with which the Class B, B.cereus, enzyme could be compared is
the Zn-containing carboxylpeptidase from S.albus G sequenced by Joris
et al., (1983). No similarity between the protein sequences could be

detected.

2.5.3 CLASS C

These enzymes also contain a serine residue in their active
site. Most of this group are chromosomally mediated and cephalosporinase
type enzymes. The Amp C f-lactamase from E. colif K12 cloned by Jaurin
and Gundstrom (1981) showed a protein sequence that was sufficiently
unlike the the Class A enzymes for the category of Class C enzymes to be
suggested. The FE.coll “"cephalosporinase when used as a probe showed a
wide range of Gramnegative organisms Pseudomonas, Shigella, Klebsiella
Serratia (Bergstrom et al., 1982) and Citrobacter (Bergstrom et al,
,1983) contained homplogous genes 1in a similar sized-restriction
fragment. It has been shown (Knott-Hunziker et al., 1982) that the

purified enzyme from Pseudomonas aeruginosa belongs to the Class C B-



lactamase as well as the Enterobacter cloacae P99 enzyme (Charlier et
al., 1983).

Recently, a Class D group of oxacillin-hydrolysing 8-
lactamases has been proposed, 1including the OXA-2 RB-lactamase of
Salmonella typhimurium (Dale et al., 1985) and the PSE-2 enzyme of

Pseudomonas aeruginosa (Houvinen et al., 1888).

2.6_PENICILLIN BINDING PROTEINS (PEP>

One of the most important structural features of the
prokaryotic cell is the cell wall, which confers rigidity and shape. The
Gram-negative cell wall is a mu ltilayered structure and quite complex,
while the Gram-positive cell wall consists of a single layer and is much
thicker. The rigid layers of both Gramnegative and Grampositive
bacteria is very similar in chemical composition. Called peptidoglycan,
this layer is a thin ‘sheet composed of two sugar derivatives, N-
acetylglucosamine and N—aoetylmué@.ic acid, and a small group of amino
acids, consisting of L-alanine, D-alanine, D-glutamic acid and either
lysine or diaminopimelic acid. These constituents are connected to form
a repeating structure, the glycan tetrapeptide. Peptidoglycan consists
of glycan strands cross-linked through short peptides. The structure of
the polypeptides differ from one species to the another, but in every
case the final cross-link is made by transfer of the acyl group of a -D-
Ala-D-Ala bond at the C-terminus of one oligopeptide to an amino group
of another. The cell wall synthesis enzymes which catalyse this reaction
are called D-alanyl-D-alanine (DD) transpeptidases. It 1is the

transpeptidation step which is the site of action for penicillin and

other f-lactam antibiotics (Wise and Park, 1965). Besides the



peptidoglycan transpeptidases, a second type of enzyme the DD-
carboxypeptidases which hydrolyse the same bond as the transpeptidases,
are known to be inhibited by f-lactam antibiotics (Izaki et al., 1968).
Some DD-carboxypeptidases (CPase) are referred to as DD-
carboxypeptidase- transpeptidases to indicate that they are capable of
both hydrolysis and transpeptidation under certain conditions.

Inhibition of transpeptidation by penicillin thus leads to the
formation of peptidoglycan which lacks strength. Further damage to the
cell, resulting in lysis and death, occurs because there are enzymes in
the cell (called autolysins) that are involved in the opening up of the
peptidoglycan structure as growth occurs. These enzymes continue to act,
but because new peptidoglycan cross-links.cannot occur, the cell becomes
progressively weaker and osmotic lysis occurs.

In Grampositive bacteria, as much as 90% of the wall consists
of peptidoglycan, although another kind of constituent, teichoic acid,
is usually present in small amounts. In Gramnegative bacteria, only 5%-
20% of the wall is peptidoglycan, the rest of the wall consisting of
lipid, polysaccharide and protein.

In addition to these specific penicillin sensitive enzymes,
other penicillin binding sites (PBP's) also occur within the bacterial
membrane (Ghuysen et al, 1974). These sites, or at least most of them,
seem to be irrelevant as far as peptidoglycan synthesis is concerned
(Rogers, 1967). Although involved in antibiotic specificity, they do not
appear to be the killing target of peniclllin.

A considerable amount of work has been done with E.coli to
identify the targets (PBPs) for f-lactams. In E.coli, there are 2

classes of PBPs; the lower MV (40,000-49,000) proteins ‘'4', *'5', and '6'



which are DD-carboxypeptidases (Spratt, 1983), and in vitro appear not
essential to the organism. It is believed that their function is to help
establish the precise structure of the cell wall, for example, by
regulating the degree of cross-linking (Coulson, 1986). The second group
of E.coll PBPs are of higher MV and appear to be mainly responsible for
peptidoglycan biosynthesis. It is these PBPs that are inhibited by 8-
lactam antibiotics.

Ghuysen and co-workers have also examined soluble proteinmns
secreted, by Actinomycetes, into the medium, and which catalyse D-
carboxypeptidase-transpeptidase reactions of -D-Ala-D-Ala peptides, and
are sensitive to penicillins. The 3 principal enzymes concerned are
those secreted by Actinomadurans R39 (MW 53,000), Streptomyces R61 (MV
38,000) and a Zn containing enzyme from S. albus G (MV 20,000>. Since
these are extracellular enzymes, doubts have been raised about the
relevance that these proteins have to clinically important target
enzymes. An efficient transpeptidase from Streptomyces K15 has been
isolated (Nugyen-Disteche et al., 1982). This enzyme 1is similar to
Streptomyces ROl enzyme, but is normally membrane bound and is more
likely to represent the physiologically significant enzymes of cell wall
synthesis.

Tipper and Strominger (1965) proposed that penicillin
inactivates peptidoglycan transpeptidases by acting as a structural
analogue of the nascent peptidoglycan strands. It was suggested that the
transpeptidase reacts with 1ts substrate to form an acyl-enzyme
intermediate, with the elimination of D-alanine (Tipper and Strominger,
1965). Subsequent reactions with the free amino acid group of a second

cross-bridge (reaction 2a in Figure 2.4) would lead to the formation of



a cross—-link and regeneration of the enzyme. Alternatively, i1f the acyl-
enzyme intermediates were attacked by water, the sequence would
caorrespond to a D-alanine carboxypeptidase reaction (reaction 2b in
Figure 2.4).

According to the substrate-analogue hypothesis, penicillin is
recognised by and then binds to the enzyme (carboxypeptidase or
transpeptidase) substrate binding site (Figure 2.5), resulting in the
acylation of the same active site nucleophile (-X"H) acylated by the
substrate (reaction 1'). The result of this reaction is the opening of
the p-lactam ring, forming an inactive penicilloyl-enzyme which 1is
relatively stable and thus resistant to attack by cell wall amino
acceptors (reaction 2a in Figure 2.95).

It has been suggested that B-lactamases could have evolved
from these penicillin-sensitive enzymes by developing an efficient
catalytic mechanism for the hydrolysis of the penicilloyl-enzyme
linkage, reaction 2b in Figure 2.5 (Tipper and Strominger, 1965),
regenerating the active PBP and producing penicilloic acid. These PBPs
do catalyse a very weak f-lactamase reaction (Spratt, 1980).

Comparision of the amino acid sequence of the penicillin -
sensitive D-alanyl-D-alanine carboxytranspeptidases from Streptomyces
R61, with those of various active site serine f-lactamases and DD-
peptidases (PBPs), show that the sequence Ser#*-Xaaz-Lys, where Ser#* is
the active site serine, 1s <comserved in all these proteins.
Comparision of the 3D structure of the Class A B-lactamase from B.
cereus 569 showed that it was similar to the penicillin sensitive D-
alanyl-D-alanine carboxypeptidase-transpeptidase from Streptomyces R61

(Samraoui et al., 1986). The discovery that a P-lactamase of Class A and
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a Cpase share an extensive region of common tertiary structure suggests
very strongly that these two groups of enzymes bhave evolved by
divergence from a common ancestor. R61 CPase like B, cereus 569 §-
lactamase is a serine enzyme but comparision of sequence data indicates
that there is no resemblance with the Class A P-lactamases. The
tertiary structural relationship between the two enzymes may be an
example of the persistence of similarity between 3D structures when the
similarity between primary structure has disappeared.

The R61 CPase also shares some characteristics with the second
class of serine f-lactamases. For example, with respect to the relative
rates of acylation and deacylation at the active serine residues.
WVhereas for B. cereus 769 P-lactamase 1 (Class A), both acylation by
benzylpenicillin and deacylation are rapid, for R61 CPase acylation is
more than a million times faster than deacylation (Waxman and
Strominger, 1983) and the acyl enzyme accumulates, as it does for a
Class C B-lactamase (Knott-Hunziker et al., 1982). Also there is some
similarity between the sequence immediately adjacent to the active site
serine of R61 CPase and the Class C f-lactamase (Kelly et al., 1985). in
addition there is also similarity between a region beyond the active
Serine of Class C B-lactamase and the putative corresponding regions in
PBP 5 of E. coli and the membrane bound CPase of B, subtilis (Vaxman and
Strominger, 1983). To confirm that CPases and Class C B-lactamases have
a common evolutionary origin, additional structural data is required to
establish the relationship. Also it had been previously concluded that
since the two classes of Serine f-lactamases had no sequence homology,

the enzymes had evolved independently (Kelly et al., 1985).



As discussed, the results from Samraoui et al., (1986), showed
the R61 CPase was homplogous to the Class A B-lactamases and if the
homology of the CPases with the Class C B-lactamases is confirmed , then
the CPases, the Class A and the Class C f-lactamases must all have a
common evolutionary origin.

One Zn DD-peptidase from S. albus G is known, (Duez et al.,
1981). It catalyses only carboxypeptidation reactions and is not a
penicillin binding protein (Dideberg et al., 1982; Charlier et al,,

1984).

2.7 Gram-negative B-lactamases

The most commonly encountered f-lactamases 1in Gramnegative bacteria
are plasmid mediated. B-lactamases from Gram-negative bacteria have many
properties distinct from those of Grampositive bacteria. Almost all are
cell bound whether thy are mediated by R-factors or chromosomes. In
contrast to most f-lactamases from Grampositive bacteria, most of the
enzymes from Gramnegative bacteria are produced constitutively.

The rate at which the f-lactam passes through the porin
channels into the perisplasmic space is important in terms of whether it
will be destroyed by B-lactamases. If a B-lactam compound readily passes
through the outer membrane into the perisplasm and reaches the PBP in
concentrations that will inhibit peptidoglycan synthesis, the bacterial
cell will die. Conversely if the f-lactam 1is inactivated in the
periplasm by R-lactamase, the cell will survive. If the pB-lactam
diffuses slowly and is trapped or induces changes in the outer membrane

protein, the bacterium will survive.



The outer membrane acts to retard entry of antibiotic and B~
lactamases are retained within the periplasmic space. The position of
the pB-lactamase allows inactivation of incoming B-lactam molecules
before they bind to B-lactam antibiotic semnsitive enzymes
(transpeptidases, CPases and endopeptidases) of cell wall synthesis.
Since only perisplasmic f-lactams have to be detoxified rather than the
whole medium, each cell acts as a relatively self-contained resistant

unit in contrast to Gram-positive organisms.

2.8 Gram-positive f-lactamases

In Grampositive bacteria, as much as 90% of the cell wall is
composed of peptidoglycan strands. The PBPs that produce the final step
in cross-linking the amino acid side chains of the polymer strands of N-
acetylglucosamine and K-acetylmuramic acid are the site of p-lactam
action. Molecules of 10 kDa or less can pass through the peptidoglycan
strands of Grampositive species. Thus the walls of Gram-positive
bacteria do not pose a major barrier to molecules that are the size of
penicillins and cephalosporins since the weight of most of these range
from 300-700 Da. The activity of B-lactam compounds against most Gram-
positive species depends primarily on their affinity for PBP at the
target sites. The interaction of a PB-lactam antibiotic with Gram-
positive bacteria is the result of the antibiotic diffusing through the
peptidoglycan strands and binding to the PBP. As a result of that
binding, there will be inhibition of peptidoglycan synthesis, activation
of autolytic enzymes and cell death (Thomaz, 1979).

If the compound diffuses through the peptidoglycan but fails

to bind to the PBPs, the cell survives. If the Grampositive bacterium



produces f-lactamase, the enzyme will hydrolyse and therefore destroy

the antibiotic before it can bind to the PBP.

2.9 B-lactamases in Streptomyces

Most Streptomyces strains produce f-lactamase. One hundred
strains isolated from soll samples and identified only as being of the
genus Streptomyces were studied for f-lactamase production (Ogawara,
1975>. It was found that at least three-quarters of the newly isolated
strains produced f-lactamase and the amounts produced in two strains
were comparable to the enzyme levels in B. cereus 569/H and B
licheniformis 794/0; which are amongst the highest producers. In
contrast to B-lactamases from other Grampositive microorganisms, the f-
lactamase was constitutively produced. The Streptomyces enzyme
functioned as a penicillinase, hydrolysing benzylpenicillin most rapidly
followed by ampicillin. A comparative study undertaken by Ogawara et
al., (1978>, showed that Streptomyces strains isolated 30 years
previously, produced gB-lactamase in similar proportions to newly
isolated strains.

During the course of this study, the BR-lactamases from &S,
albus G (Dehottay et al., 1986), S. cacaol (Lenzini, 1987), S. badius
and S, fradiae Jaurin et al., 1988) and Streptomyces R39 (Piron-
Fraipont et al., 1989) have been cloned and expressed in S. lividans. In
addition, the primary structure (Dehottay et al., (1987) and the crystal
structure (Diderberg et al., 1987) of the S.albus G f-lactamase have
been established, indicating that the enzyme belongs to the class A B-

lactamases.



2.10 PROJECT AINS

The aim of this project was to examine the production of B-
lactamase from a variety of Streptomyces strains available in the
laboratory. Once the best producers of f-lactamase were determined,
enzyme production from those strains were to be studied in detail with
the aim of purifying at least one B-lactamase. The second half of this
project was to attempt to clone the B-lactamase bla gene in both E.colil

and Streptomyces.



3.1 Materials

Most chemicals used were generally available in the laborataory and

were of analytical grade unless otherwise stated.

obtained from the following sources:

British Drug House (BDH) Ltd., England.
Fisons Plc., England.
May and Baker Ltd., England.

Sigma, Poole, Dorset, U.K,.

The chemicals were

Chemicals required for specific techniques are listed belaw:

Anylase assay

o—Amylase Type XI A Bacillus species

Potato starch

B=lactamase assay

Polyvinyl alcohol low molecular weight type II

Nitrocefin

Sigma, Poole,
Dorset, U.K
Sigma, Poole,

Dorset, U.K.

Sigma, Poole,

Dorset, U.K.

Oxoid Ltd.,

England.



Chromatography

Activated CH-Sepharose 4B

m-Aminophenylboronic acid hemisulphate

Diethylaminoethyl cellulose (DE52)

Gel electrophoresis

Agarose Type V (high gelling temperature)

Isoelectric focusing

Agarose Electran Isoelectric focusing

Ampholine® PAG plate pH 3.5-9.5

IEF marker 3.55-9.3

5-Sulfosalicylic acid

Polyacrylamide gels

Acrylamide Electran
(specially purified for electrophoresis)

Bis-acrylamide

Molecular weight marker Dalton mark VII-L

SDS-7 14,000-70, 000

Photography

1ford film HPS

Sigma, Poole

Dorset, U.K.

Aldrich chemical

Co., Gillingham

Darset, U.K.

Whatman chemical

separation Ltd.,

England.

Sigma, Poaole,

Dorset, U.K.

B.D.H. Ltd.,

England

LKB, Sweden.

Sigma, Poole,
Dorset, U.K.

Sigma, Poole,

Dorset, U.K.

Sigma, Poole
Dorset, U.K.

Sigma, Poole,
Dorset, U.K.
Sigma, Poole,

Dorset, U.K.

Ilford 1td.,



I1ford microphen developer

Ilford microphen fixer

Polaroid film

Protein assay

Bip-rad protein assay dye reagent concentrate

Erotease assays

Benzoyl-D-,L-argine-p-nitroanilide

Skim milk (not more than 1.5 % fat>

Vestern blot

Goat anti-rabbit IgG alkaline phosphatase conjugate

5-Bromo-4-chloro-3-indolyl-8-phosphate
(BCIP

Freunds'incomplete adjuvant

Gelatin (EIA purity reagent)

England
Ilford 1td.,
England
Ilford 1td.,
England.
Polaroid Ltd.,

England.

Biorad lab.,USA

Sigma, Poole,
Darset, U.K.
Sigma, Poole,
Darset, U.K.
Tesco stores,

England.

Sigma,

Poole,

Dorset, U.K.
Sigma, Poole,
Darset, U.K.
Cambridge Bio-
Sciences Ltd.,
England.

Biorad lab. USA.



Goat antirabbit IgG horseradish peroxidase conjugate

HRP colour develpoment reagent
(EIA purity reagent)

Hydrogen peroxide 30%

Nitrocellulose membrane filters 0.2um

Tween 20 (EIA purity reagent)

Sigma,
Poole,
Dorset, U.K.

Biorad lab. USA.

Sigma, Poole,
Dorset, U.K.
Schleicher and
Schuell,
V.Germany.

Biorad Ltd., USA



All antiblotics were purchased from Sigma,

Poole, Dorset, U.K.,

unless otherwise stated. All antibiotic: solutions were made up in

sterile distilled water unless otherwise indicated. The antibiotics

used and the stock and working concentrations are shown in Table 3.1.

TABLE 3.1

Ampicillin (sodium salt).
Carbenicillin.
Cephaloridine.
Cephalosporin C.
Cébrqmphenicol.

(in Ethanol?

Cloxacilin (sodium salt).
Kanamycin (sulphate)
Methicillin.

Oxacillin (sodium salt?.
Penicillin G (sodium salt).
Tetracycline

(in Ethanol)
Thiostrepton*

(in DMSO®

#gift from E.R. Squibb & sons 1td.

SOLUTION FINAL CONCENTRATION
(ug/ml>
50mg/ ml 500pg/ml
10mg/ml variable
10mg/ml variable
10mg/ml variable
10mg/ml 10ug/ml
10mg/ml variable
25mg/ml 25pg/ml
50ng/ml variable
10mg/ml variable
50mg/ ml variable
10mg/ml 10pg/ml
50mg/ml 500pg/ml
U.S.A.



Genotype symbols

met Methionine
trp Tryptophan
sup Suppressor
hsdR Host specified defence restriction
lac Lactose

gal Galactose
end Endonuclease
8yr Gyrase

pro Proline

thi Thiamine

rel Relaxed

mel Melanine

his Histidine
ura Uracil

str Streptomycin




Most of the restriction endonucleases used were prepared by Dr. L.
Wallace at UCL. Otherwise the enzymes were purchased from Anglian

Biotechnology Plc.,England.

3.4 STRAINS
he
Table 3.2 [Escherica.colil strains (all E. coll strains were
A
derivatives of E.coli K12.)
E. coll ED8654 met trpR supE44 supF58 hsdR515

lacYl galK2 galT22
E. CDl‘i JM107 endAl gyrA96 tbhl hsdR17 supE44
relAl x—' Allac, proAB) [F' traD36
proAB laclI< ZAN15]
E.coli LE392 F- bdsR514 supE44 supF58 lacYl galT22 metBl

trpR55 A\~

Table 3.3 List of F. cold and Streptomycete plasmids

E.coll plasmids:

puUC8 Amp lacZpoo (aColEl1l type replicon)
pBR325 Amp Tet Cam

Streptomyces plasmide:

plJ702 mel tsr



Table 3.4

STRAIN SOURCE MARKER
Mesophiles (30-C)

S.coelicolor M130 D. Hopwood bisAl uraAl strAl
S.lividans TK24 D. Hopwood str-6

S.albofaciens ATCC 25184 (ISP 5268)

S.albus G

S.griseus ATCC 12475

S.lavendulae ATCC 8664 (ISP5069)

S.parvulus Norwich No. 2296

S.rimosus ATCC 10970 (ISP 5260)>

S.vioclaceoniger ATCC 27477 (ISP 5563)

Micromonospora species LL17

Thermophiles (50°C)

S.thermovulgaris ATCC 19284 (ISP 544>

Thermomonospora curvata BD3

Thermomonospora chromogena BD108

Thermomonospara fusca BD116

S. thermoviolacecus CUB74

E. Vellington

K. Chater

E. Wellington

E. Vellington

K. Kendall

E, Vellington

E. Vellington

A. McCarthy

E. Vellington

A, McCarthy

A. McCarthy

A, McCarthy

A. McCarthy



3.5 ] o

(1> Birnboim buffer

Glucose : 9g
Tris-Hcl, pH 7.5 25mM
Scdium EDTA, ©pH 8 10mM
Distilled water to 1 litre

Autaclaved for 20 minutes at 15 psi.
After autoclaving Lysozyme was added to a final concentration of

2nmg/ml

(2) 10X Restriction buffer (10X RB.)

1M Tris-Hcl, pH 7.5 5ml
1M Magnesium chloride 0.5ml
Distilled water 4.5ml

Dispensed in 2ml aliquots

Autoclaved for 20 minutes at 15 psi.

(3) 10X Restriction buffer + 100mN NaCl

1M Tris-Hel, pH 7.5 5ml

1M Magnesium chloride 0.5ml
5N Sodium chloride 2.0ml
Distilled water 2.3ml

Dispensed in 2ml aliquoats

Autoclaved for 20 minutes at 15 psi



Addresses:
Keith Chater, David Hopwoad,

John Innes Institute, Colney Lane, Norwich KR4 7UH.

Alan McCarthy,

Department of Botany, Liverpool University, Liverpool L69 3BX.

Dr. Elizabeth Wellington,
Department of Biological Sciences, University of Warwick,

Coventry CV4 7AL.




(4) TIE buffer

1N Tris-Hcl, pH 7.5 10ml
0.2M Sodium EDTA, pH 8 Sml
Distilled water 985ml

Autoclaved for 20 minutes at 15 psi.
Vhen TE buffer was used with RNase, the final concentration
of RNase was 20ug/ml. The stock of previously boiled RNase

solution (to inactivate any DNase) was 20mg/ml.

(5> 10X Tris-borate buffer (TBE)

Tris-base 108g
Boric acid 55g
Sodium EDTA 9.3g
Distilled water to 1 litre

Working solution was 1X Tris-borate containing Ethidium bromide

at a final concentration of 0.5ug/ml

(6) Stop mix
For 10 ml.
Sucrose 4g
0.2 Sodium EDTA Sml
Bromophenol blue (1mg/ml) 1ml
Distilled water 2ml

(7> Ligase cocktail 10x

1M Tris-H<l, pH 7.5 660u1
1M Magnesium chloride or Magnesium sulphate 100p1
1M B-mercaptoethanol or dithiothreitol 100u1

0.1X Adenosine triphosphate .- - loul

Distilled water 130p1




(8) P_(Protoplast) buffer (Okanishi et al., 1974 ; Hopwood and
Vright, 1978)

Sucrase 103g
Potassium sulphate 0.25g
Distilled water 800ml

Dispensed in 80ml aliquots
Autoclaved for 20 minutes at 15 psi

Immediately prior to use the following, in order, were added

Potassium hydrogen orthophosphate (0.5%) lml
Calcium chloride (3.68%) 10ml
TES buffer (5.73%, pH 7.2) 10m}

(9) Lysozyme solution

To sterile P buffer Lysozyme was added to a final concentration

of 1mg/ml.Then the solution was filter sterilised.

(10) T _buffer (alternative)
¥ade fresh. 3 parts by volume of complete P buffer, (8 above),

to 1 part by weight of sterile PEG 1000.

(11) SM buffer
iM Tris-H<A, pH 7.5 10ml
5M Sodium chloride 10ml
1M Magnesium chlaride 5ml
Distilled water 975m1

Autoclaved for 20 minutes at 15 psi.

Then added 10ml of a 10% sterile gelatin solution



(12> Phosphate buffers (Gomori, after Serensen, 1955)

Disodium hydroger orthophosphate (Na=HPO.)- Sodium dihydrogen
orthophosphate (NaHzPOa»

The buffers were made as outlined in Table 3.5 below:

TABLE 3.5 Phosphate buffers

5.8 4.0 46.0
6.0 6.15 43. 85
7.0 30.5 19.5
7.6 43.5 6.5
7.8 45.75 4.25
8.0 47,35 2.65

(13> 10X M9 salts

Disodium hydrogen orthophosphate 60g
Potassium dihydrogen orthophosphate 30g
Sodium chloride 5g
Ammonium chloride 10g
Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.

(14> 100X Ca/Mg stock

1M Calcium chlaoride 10ml
1M Magnesium sulphate 100ml
Distilled water 890ml

Autoclaved for 20 minutes at 15 psi.



(15> Stock Acrylamide solution 30% stock

Acrylamide
¥ethylenebisacrylanide
Distilled water

Filtered before storing at 4=C.

(16) Running buffer pH 8.8

Tris-base
10% SDS.
pH was lowered to 8.8 with Conc.

volume made to 100ml. Stored at 4

(17) Stacking buffer, pH 6.8

Tris-base

10% SDS

30g
0.8g

to 100ml

18.17g

4ml

Hydrochloric acid. Then

<C.

68

4ml

pH was lowered to 6.8 with Conc. Hydrochloric acid. Then

volume made to 100 ml. Stored at

(18) Iris-Glycine recervoir buffer

Tris-base
Glycine
SDS

Distilled water

4-C,

3.1g
14, 3g
1g

to 1 litre



(1

e,

(5 )

22

(23)

Sample loading buffer
f-mercatoethanol

10% SDS

Stacking buffer, pH 6.8
Glycerol

Bromophenol blue

Distilled water

Coomassle gtain
Coomassie brilliant blue R
50% aqueous Methanol
Glacial Acetic acid

Distilled water

Coomassie destain
Methanol
Glacial Acetic acid

Distilled water

Blotting buffer

Tris-base
Glycine
Methanol

Distilled water

Iris-buffered saline (TBS)
Tris-base
Sodium chloride

Distilled water

to

to

t

to

o

5ml
30ml
12.5ml
15ml
0.1g

100ml

1.25g
454ml
46ml

1 litre

50ml
75ml

875ml

3.1g
14.3g
200m1

1 litre

4.84g
58.4g

2 litres

pH was adjusted to 7.5 with Conc. Hydrochloric acid.



(24) Iween 20 wash solution and diluent (TTBS)
Tween 20 (EIA purity reagent) 0.5ml

Tris-buffered saline (TBS) 1 litre

(25) Blocking solution

Gelatin (EIA purity reagent) 3g
Tris-buffered saline (TBS) 100ml

Varnmed to 37=C. to dissolve. Cooled befare use.

(26> Antibody buffer

Gelatin (EIA purity reagent) 2g
Tween 20 wash solution (TTBS) 200ml

Varmed to 37=C. to dissolve. Cooled before use.

(27) Eirst antibody solution

Diluted species specific first antibody to appropriate titer

in at least 100ml antibody buffer.

(28) Second antibody solution

Diluted second antibody in 100ml antibody buffer.

For Goat antirabbit IgG horseradish peroxidase conjugate, use
at a dilution of 1:3000. That is, 33pl in 100ml buffer.

For Goat antirabbit IgG alkaline phosphatase conjugate, used

at a dilution of 1:15000. That is, 6.5pl1 in 100ml buffer.



(29) Alkaline phosphatase buffer (AP buffer)

Tris-HCl, pH 9.5 100mM
Sodium chloride 100mM
Magnesium chloride SmM

Distilled water 17.5ml

(30> Alkaline phosphate colour developer

Nitro-blue tetrazolium (NBT) 132p1
5 Bromo-4-chloro-3-indolyl phosphate (BCIP) 66ul
Alkaline phosphate buffer 20ml

(31> AP stopping buffer

Tris-HCl, pH 8.0 20mM
Sodium EDTA 5mM
Distilled water to 100ml

(32) Horseradish peroxidase coglour developer (HRP)

(a) HRP colour development reagent 60mg
Ice cold Methanol 20ml
Nade fresh and protected from light.
(b) Ice cold 30% Hydrogen peroxide 60pl
Tris-buffered saline (TBS) room temperature 100ml
Made immediately prior to use.
(b> mixed with (a) and used immediately. Resulted in a 0.015%

Hydrogen peroxide development solution.



(33) Amido-black buffer

Amido-black 0.125g
Glacial Acetic acid 5ml

Praopan-2-ol 12.5ml
Distilled water 32.5ml

(34) Amido-black destain

Glacial Acetic acid 5ml
Propan-2-ol 31.2ml
Distilled water 463. 8ml

(35) Solutions for amlyase assay

Reagent 1

Sodium carbonate 12.5g
Potassium sodium tart rate 12.5g
Sodium hydrogen carbonate 10.0g
Sodium sulphate 100.0g

Made upto 500ml with distilled water. Filtef? through Vhatman 1

Reagent 2
Copper sulphate 7.5g
Distilled water + 1 drop sulphuric acid 50ml
Reagent 3

600mg sodium arsenate in 5ml distilled water.
Added slowly with stirring to

Ammonium molybdate 5g

Distilled water + 4.2ml sulphuric acid 90ml

Incubated at 37=C for 16 hours prior to use.



Reagent 4

1ml reagent 2 + 25ml reagent 1.

(36) Lugol's iodine (Cowan, 1974)

Iodine 5g
Potassium iodide 10g
Distilled water to 100ml

Used 1:100 dilution (in distilled water)

(37) Solutions for B-lactamase assay
(a)Penicillin G 2.5ng/ml

In 0,1M Phosphate buffer, pH 5.8

(b)Iodine 4.2g
Potassium iodide 20.0g
2¥ sodium acetate, pH 4 1 litre

(38> Isgelectric focusing (IEF) buffers

(a)Fixing solution

Trichloroacetic acid 57.5g
Sulphasalicylic acid 17.25g
Distilled water 500ml

(b)Destaining solution
Absolute alcohol 500ml
Glacial acetic acid 160ml
Diluted to 2L with distilled water

(c)Staining solution
Coomassie Blue R 250 0.46g
Destaining solution 400m1
Filtered. Preheated to 60=C for 10 minutes prior to use. Do

not reuse.



S

(d)Preserving solution
Glycerol

Destaining solution

40ml

to 400ml



3.6 MEDIA

(1> _Nutriepnt broth (NB)
Nutrient brath Fo. 2 25g
Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi

(2) Nutrient agar (NA>

Nutrient broth made as above plus 15g of Bacto-agar.

(3) %-strength Nutrient broth and % strength nuirient agar

Both of these media were made up like nutrient broth and
nutrient agar. Except that only balf the amount of nutrient
broth was used, and for the agar also half the amount of

Bacto-agar was used.

(4> L=broth
Tryptone 1lo0g
Yeast extract Sg
Sodium chloride 10g
Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.

(5) Malt 3 medium

Malt extract 24g
Yeast extract 5g
Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.



(6) L-agar

L-broth plus 15g of Bacto-agar.

(7) Malt 3 agar

Nalt 3 medium plus 20g Bacto-agar.

(8) Iryptane soya broth (TSB)

Tryptone soya broth 30g
Distilled water to 1 litre

Autoclaved for 20 minute at 15psi.

(9) Yeast extract-Malt extract medium (YEME)

Yeast extract 3g
Bacto-peptone 5g

Nalt extract 3g
Glucose 10g
Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.
NOTE: Vhen YEME was used to prepare protoplasts,sucrose at 340g

per litre was added. After autoclaving the following were also

added:
Magnesium chloride (2.5 W 2ml/litre
Glycine (20%) 25ml/1litre
(10> Top agar

L-broth plus 7.5g Bacto-agar. Dissolved by heating in a

microwave, Dispensed in 18ml aliquats before autoclaving.



(11) Soft nutrient agar

% strength Nutrient broth plus 7.5g Bacto—agar. Dissolved by
heating in a microwave. Dispensed in 18ml aliquots before

autoclaving.

(12) R2YE Medium <(Hopwood et al., 1985)

NOTE: this is a modified version of the recipe.

Sucrose 103g
Magnesium chloride . 10.12g
Glucose 10g
Distilled water to 800ml

2.2g of Bacto—agar were placed into 250ml Duran bottles and 80ml
of the solution added.

Autoclaved for 20 minutes at 15psi.
After autoclaving, the following sterile solutions were added to

each bottle:

Potassium hydrogen orthophosphate (0.5%) lml
Calcium chlaoride (3.68%) 8ml
L-Proline (20% 1.5ml
TES buffer (5.73% adjusted to pH 7.2> 10ml
Sodium hydroxide (1N) 0.5ml

Yeast extract (10% 5ml




(13) R2YE Medium (alternative method?

NOTE: This is a modified version and was used to subculture

protoplasts after sporulation.

Magnesium chloride 10.12g
Glucose 10g
Yeast extract 5g
TES buffer 5g
Distilled water to 1 litre

2.2g of Bacto—agar was placed into 250ml Duran bottles and 100ml

pf the solution added.

Autoclaved for 20 minutes at 15 psi.

After autoclaving, the following sterile solutions were added to

each bottle:

Potassium hydrogen arthophosphate (0.5%) 1m

Calcium chloride (5M 0.4ml
L-Proline (20%> 1.5ml
Sodium hydroxide (1N 0.7ml

(14) Minimal Medium
Glucose 4g
Distilled water 890ml
Autoclaved for 20 minutes at 15 psi.
After autoclaving the following sterile solutions were added:
10X MO salts 100m1

Calcium/Magnesium salts 100X 10ml

(15) Minimal agar

¥inimal medium plus 15g of Bacto-agar.



3.7 METHODS.

3.7.1 Maintepance of cultures

All E.coli strains except JM107 were maintained on NA plates. For thase
that contained a plasmid, the appropriate antibiotic was also included in
the agar. The JM107 strair was maintained on minimal agar supplemented with

Vitamin Bl (2ug/ml). All Actinomycetes were grown on ¥NA or Malt3 agar.

3.7.2 Spore suspension

3ml of a 20% sterile glycerol solution was added to a sporulating agar
culture. Using a flamed loap, the surface of the culture was scraped to
suspend the spores in glycerol. Generally, spore suspensions were obtained
from five plates. The crude suspension was then aliquoted and stored in

sterile bijou bottles at -20=C or ~70=C.

3.7.3 Extraction of chromosomal DNA

10ml or more of culture was grown 1in the desired medium and at the
appropriate temperature. The culture was spun in a bench top or other
centrifuge at approximately 7000xg for 10 minutes. The supernatant was
discarded and the pellet resuspended in 10ml fresh Birnboim buffer.
Lysozyme was added to a final concentration of 1mg/ml. After gentle shaking
at room temperature for 20 minutes, 1ml of 10% SDS was added, Shaking was
continued on a 37°C water bath for 15 minutes. Pronase to a final
concentration of img/ml and RNase at 500ug/ml was added. The suspension was
left for 30 minutes or longer <(overnight for large cell pellets) on a
shaking water bath. At the end of the incubation, 1ml of 5K sodium
chloride, 10ml of absolute alcohol was added. The two layers were not mixed

but the DNA, which was precipitated at the interface, was spooled onto a




pasteur pipette. The DNA was resuspended in 10-50ml TE buffer containing
RNase. To resuspend the DNA, the solution was left to shake overnight if
necessary.

To remove proteins from the DNA, an equal volume of buffered phenol was
added to the DNA sample in a universal bottle and mixed to form an
enulsion. After centrifuging for 5 minutes in a bench top centrifuge, the
upper aqueous phase was transferred to another universal bottle. To remove
traces of phenol from the DNA preparation, an extraction with an equal
volume of chloroform was carried out. The aqueous layer was again removed
and transferred to a 50ml polypropylene tube and the DNA precipitated by
the addition of 1/10 volume of 4M sodium acetate and 2 volumes of absolute
alcohol. The tube was left at -20°C. for 20 minutes or longer, then spun
for 15 minutes on a bench top centrifuge. The supernatant was discarded and
the pellet air dried before resuspending the DNA in 10ml or more of TE

buffer containing RNase and stored at -20=C.

3.7.4 Plasmid DNA preparation,

200-500ml1 of the starting culture was spun for 10 minutes at 8000xg, the
supernatant discarded and the pellet resuspended in 20ml Birnboim buffer
and left to spheroplast. With E.coli preparations, this usually occurred
immediately; whereas for Streptomyces, incubation, with shaking, at 37 =C
for 1 hour or more was necessary. 50ml alkaline SDS was added mixed well
and left on ice for 5 minutes. 40ml of 4M sodium acetate was then added,
mixed thoroughly and left on ice for 15 minutes or longer. This was then
spun for 30 minutes at 8000xg. The supernatant was poured into a clean
centrifuge bottle and 50ml of 50% polyethylene glycol (PEG) 6000 added,
mixed well and left on ice for 1 hour or overnight at 4=C. The bottles were
spun at 5000xg for 15 minutes, the supernatant was discarded and the
centrifuge bottles were left upside down to drain. The pellet was

resuspended in 5ml TE buffer, 0.5ml 5M NaCl and 10ml absclute alcohol were



added, mixed and spun for 5 minutes at 10,000xg. The supernatant was
discarded and the pellet resuspended in 9ml TE buffer. Caesium chloride
was added at 1lg for every ml of E.coli DNA solution and 1.1g/ml for
Streptomyces. When the caesium chloride was dissolved, 0.2 ml ethidium
bromide (10 mg/ml) was added and the DNA sclution was spun at 40,000xg for
48 hours or at 42,000xg for 36 hours. At the end of the spin, DNA was
visualised by its flourescence with ultraviolet 1light (320nm) and the
lower plasmid band was removed with a syringe. To the isolated band, an
equal volume of propan-2-ol saturated with caesium chloride was added,
mixed, and the top layer discarded. This was repeated 2-3 times until all
the ethidium bromide had been removed. The volume of plasmid DNA solution
was measured and transferred to a 50ml polypropylene tube. It was diluted
to at least 3x the volume with TE buffer, by making the volume up to 5 or
10ml with TE buffer. 1/10 volume of 4M sodium acetate or SM NaCl, and 2
volumes absolute alcohol was added, mixed, left at -20<C for 20
minutes or longer, then spun for 10 minutes at 10,000xg. The supernatant
was discarded and the polypropylene tube, drained to allow the alcohol to
evaporate. The DNA was resuspended in 1ml TE buffer, transferred to a

microfuge tube and stored at -20<C.

3.7.4.2 Mini plasmid preparation

The starting culture 5ml, was spun on a bench top centrifuge or 1ml was
removed and spun 1n a microfuge for 5 minutes, the supernatant was
discarded and the pellet resuspended in 100ul Birnboim buffer, 200pl
alkaline SDS was added, mixed, and left on ice for 5 minutes, after which
150p1 4M sodium acetate was added, mixed, and left on ice for a further 15
minutes. The microfuge tube was then spun for 10 minutes and the
supernatant poured into a clean microfuge tube. 1ml absolute alcohol was
added, mixed and left at -20=C. for 20 minutes or longer. The microfuge

tube was then spun for 10 minutes, the supernatant discarded and the



pellet resuspended in 100ul TE buffer. 1/10 volume 4M sodium acetate and 2
volumes absclute alcohol was added, mixed and 1left at -20=C. for 15
minutes. After spinning for 10 minutes, the supernatant was discarded, the
pellet washed with 70% alcohol and the microfuge tube spun for 1 minute.
The procedure was repeated with an absolute alcohol wash. The supernatant
was discarded and the pellet dried in a 50°C oven to remove any remaining
alcohol, then the DNA was resuspended in 100pl TE buffer and stored at -

20=C.

3.7.5 Endonuclease digestion of DNA ,
i 10 units/ul

To a microfuge tube , 1lul of restriction enzyme,was added followed by 2ul
of 10x restriction enzyme buffer and finally 20pl of DNA. The microfuge
tube was centrifuged and vortexed to mix the contents then incubated at the
appropriate temperature for 1 hour or longer. The reaction was stopped by

the addition of 5ul stop mix.

NOTE: with the exception of the enzyme Smal which required a different
restriction buffer, the restriction digests were carried out in 10x RE
buffer with no salt., If ‘'star' activity was observed, then addition of
NaCl to a final concentration of 100mM to the digests was found to inhibit

‘star' activity.

3.7.6 Ligation

T4 DNA ligase was used to catalyse the joining or ligation of vector and
donor DNA fragments with complementary staggered or blunt ends to form
recombinant DNA molecules.

After endonuclease digestion of the DNA, the restriction enzyme was
heat-inactivated at 70=°C for 10 minutes. However, enzymes such as Bcll are
not inactivated by high temperatures and so residual enzyme was removed by

treatment with phenol/chloroform. The vector and insert DNA in a ratio of



1:1 or 1:2 were then salt precipitated together by adding 1/10 volume 4M
sadium acetate and 2 volumes absolute alcohol. For large volumes, absolute
alcohol was replaced with 0.6 volume propan-2-ol. The mixture was stored at
-20=C for 20 minutes or longer. The DNA was then spun in a microfuge and
the pellet washed with 70% alcohol. The pellet was dried in a 50C oven
then resuspended in TE buffer. An aliquot of the DNA was removed and stop
mix added. To the remainder of the DNA, 10x ligase cocktail and Ta DNA
ligase was added and the microfuge tube vortexed. Ligation was carried out
at 4=C for at least 16 hours. An aliquot of the ligated DNA was run on an

agarose gel alongside the unligated control prior to transformation.

3.7.7 Agarose gel electrophoresis

1% agarose gel were prepared in 1lx TBE buffer containing ethidium bromide
(0.5ug/ml>., Autoclave tape was placed around a glass plate (15x15 cm) to
create a mould in which the gel was cast. The edges of the plate were first
sealed with some of the agarose. A perspex comb was then fixed in place and
the rest of the agarose poured and left to set. DNA samples were mixed with
Stop mix and loaded onto the gel previously placed in a tank containing 1lx
TBE plus ethidium bromide. Molecular weight markers prepared by digesting X
DNA with the restriction endonucleases Hind11ll or Pstl were also run in
parallel. Electrophoresis was carried out at 150V for about 3 hours or
overnight at 26V. The electrophoresed DNA was visualised on an ultraviolet

transilluminator.

3.7.8 Preparation of competent cells from F coli strains EDS654 and JM107

200 ml of nutrient broth containing 20mM magnesium sulphate, was inoculated
with an overnight culture of the appropriate strain, and grown at 37=C. for
2-3 hours so that an A450 of 0.3 was obtained. The culture was then spun at
8000xg for 10 minutes at 4=C., in a sterile centrifuge bottle. The

supernatant was discarded and the pellet resuspended in 10ml of ice-



cold 10mH esmlaium chloride (CaCl:) then a further 40ml of CaClz: was added
befora spinning again at 8000xg for 10 minutes. The supernatant was
discarded and the ©pellet resuspended in 5ml of ice cold 75mM
CaClz containing 15% v/v. glycerol. 0.5ml aliquots were dispensed into pre-
chilled bijou bottles, which were shell frozen by immersing in an

industrial methylated spirit/dry ice mixture and stored at -70<C.

3.7.9 Iransformation of competent cells

An aliquot of the frozen competent cells was thawed under a cold tap. Or
if the competent cells were made on the day, they were first allowed to
equilibrate to 0=C on ice for 30 minutes. The cells were placed on ice for
45 minutes, after adding the DNA. The cell/DNA mixture was heat-shocked at
37=C. for 10 minutes, the transformed cells were then added to 5ml
nutrient broth and incubated at 37°C for 1-2 hours or overnight. 0.1ml of
the culture was then plated on selective agar and the plates incubated at
37=C. The remainder of the transformed culture was stored at 4=C. If the
frequency of transformation was low or if no transformants were obtained,
the culture was spun for 5 minutes and resuspended in 0.5 ml nutrient
broth. 0.1ml of the concentrated transformation mixture was then plated

onto selective agar,

3.7.10 Protoplast preparation

Protoplasts from Streptomyces lividans TK 24 were prepared and transformed

as described in the Streptomyces laboratory manual (Hopwood et al.,1985)

3.7.11 Preparation of extracellular enzymes

An appropriate volume of culture was grown at 37°C for 20-24 hours for B-
lactamase production. At the end of the growth period, the culture was
spun at 8000xg for 20 minutes. The supernatant was then collected and

filtered under vacuum, through an AP25 millipore filter (Millipore,



Ireland). The filtrate was saturated to 80% with ammonium sulphate
(560g/1). Th addition of ammonium sulphate was carried out slowly with
constant stirring and the supernatant kept on ice throughout. After all the
ammonium sulphate had been added, the saturated supernatant was left on
ice for an hour then spun at 8000xg for 20 minutes. The pellet was
resuspended .- “ in 20mN Tris-HCl pH 7.5 to 1/25 of the original culture
volume. To remove the ammonium sulphate, the enzyme was dialysed twice
against 20mM Tris-HCl, pH 7.5 for 1 hour each time. Then to store the
enzyme, an overnight dialysis at 4<C., against 50% glycerol in 20mM Tris-

HC1l, pH 7.5. was carried out. The enzyme was stored at -70<C.

3.7.12 PURIFICATIQN OF EXTRACELLULAR ENZYME
(AColumn preparation
The anionic ion exchange matrix DEAE 52 (DES52) was prepared as
outlined in the Whatman advanced ion exchange celluloses leaflet IL6. The
rapid method was followed. A 20ml column was equilibrated with 20mM Tris-
HCl, pH 7.5 at a flow rate of 30ml per hour.
(B) SAMPLE PREPARATION AND LOADING
The crude extra-cellular enzyme was dialysed against 20mN Tris-HCl, pH
7.5, at room temperature for 1 hour, to remove the glycerol in which the
enzyme was stored. A small aliquot of the dialysed enzyme was stored as a
cantraol when analysing the semi or purified enzyme. The dialysed enzyme,
was loaded onto the column usually at a rate of 20ml/h. The eluate from the

calumn called the "run through" was collected in a flask.

(C) ELUTION

Once the sample had been loaded, the column was immediately washed
with 20mM Tris-HC1l, pH 7.5 to remove any unbound enzyme. The eluate called
the "wash", was collected in a second flask. The column was washed until

the Azec 0f the eluate was zero.




In a gradient former, a salt gradient of 0-0.5M RaCl in 20mM Tris-HCI,
pH 7.5 was set up and the enzyme eluted at a rate of 30 ml/hour in
fractions of = 3ml The Azs0 was monitored throughout and once no more
protein was detected, elution of the column was stopped. The column was
then washed with a high salt buffer of 1M NaCl in 20mM Tris-HCl, pH 7.5 and
further 3 nml fractions were collected wuntil the Azso was zero.

Aliquots of the fractions plus the "wash" and "run through" were
assayed for f-lactamase, amylase and protease as outlined in section 3.2.
The rest of the eluates were stored at 4<C. After assaying the eluates,
fractions showing high enzyme activity were pooled and dialysed against 50%

glycerol in 20mM Tris-HCl, pH 7.5 and stored at -20<C.

3.7.13 AFEFINITY COLUMN (Cartwright and Valey, 1984)

After passage through the DE52 column, the semi-purified f-lactamase was
then passed through an affinity columm.

Column preparation

(a)10g of CH-sepharose was washed with 200ml of propan-2-ol and then
200ml of distilled water chilled to 4<C. The slurry was transferred to 20ml
of 1M Potassium hydrogen carbonate (KHCOz)> containing 2g of maminophenyl
boronic acid hemisulphate and 2g Sorbitol.

(b>The suspension was agitated at room temperature for 1 hour. The pH
being maintained at 8.0 with solid KHCOs.

(c)The sepharose was made into a column and washed successively with
1M NaCl/0.05M sorbitol, pH 7.0 (200ml); O0.5M borate, pH 7.0 (200ml)> and
finally 20mM triethanolamine hydrochloride/0.5 M NaCl, pH 7.0. The column
was then ready to use.

Sample preparation and loading
The enzyme was dialysed against 20mM +triethanolamine
hydrochlorides/0.5M NaCl, pH 7.0 (loading buffer). The dialysed enzyme was

then loaded onto the column at a rate of 30ml/hour.




Elution

After loading the sample, the column was washed with loading buffer

-until the Az»so was 2zero. The R-lactamase was then eluted with 0.5M

borate/0.5M NaCl, pH 7.0.
Column regeneration
The column was regenerated by washing with 0.5M borate/0.5m NaCl, pH

7.0 and stored at 4<C.

3.7.14 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970)

In order to analyse the protein composition of the crude extracellular
enzyme and the subsequent purified enzyme, the technique of <zomne
electrophaoresis was used. Polyacrylamide slab gels were prepared as
outlined below. For most purposes 10% and 12.5% gels of 1.5mm thickness
were found to be adequate. |

Approximately 30-50pg of each protein sample was loaded per well. See
section 3.8.4 for method of assaying protein concentration (Bradford
assay). To each protein sample, an equal volume of SDS-sample buffer was
added. Prior to electrophoresis, the samples were boiled in a water bath
for 3 minutes. In addition an appropriate molecular weight standard
(usually 14,000- 70,000) was also boiled in SDS-sample buffer.
Electrophoresis was cérried out at 33mA for about 4-5 hours or if run
overnight, at 7mA (for = 16 hours), until the dye front was =2 lcm from the
bottom of the gel.

The resolving gel was then used for either Western blots see section
3.7.17, zymogram studies see section 3.1.19, or the gel was stained for
protein. Two staining processes were employed:

(1)Coomassie stain.

(11)Silver stain.




3.7.15 Coomassie staining

The resolving gel was placed in a suitable container and coomassie blue
stain added = 200-300ml/gel. After 4 hours or overnight staining, the
caomassie stain was decanted and stored for further use. The gel was rinsed
in distilled water then destain was added. The gel was placed on a shaking
platform and destain was replaced occassionally until all background
coomassie stain was removed, and the protein bands were easily visualised.
A graph of logio molecular weight against relative mobility was plotted to
give a standard curve from which the molecular weights of the
extracellular enzymes were then estimated. Standard molecular weight
markers initially purchased from Biorad were used. The standards were a
mixture of Phosphorylase b (mw 94,000), Bovine serum albumin <67,000),
Ovalbumin (43,000), carbonic anhydrase (30,000), Soybean trypsin inhibitor
(20,100) and o-lactalbumin (14,400). Later molecular weight markers from
Sigma were used. The standards were a mixture of Bovine albumin (66,000),
Ovalbumin (45,000), Glyceraldehyde-3-phosphatec dehydrogenase (36,000,
Carbonic anhydrase (29,000), Trypsinogen (24,000>, Trypsin inhibitor
(20,100) and a-lactalbumin (14,200).

If necessary, the gels were then photographed by placing on a light box
and using a yellow filter. Gels were stored, by placing in a sealed plastic

bag with = 20ml distilled water.

.

3.7.16 gilver staining (Johansson and Skoog, 1987)

This method had a detection limit of 10ng and was performed in daylight.
The resolving gel was fixed in an acetic acid-methanol-water mixture
(1:4:95) for BO’ﬁinutes. This was followed by a 5 minute rinse in distilled
water. The gel was next fixed for 15 minutes in 25% glutaraldehyde- water
(1:1>, After 2x10 minute rinses in distilled water, the gel was rinsed for

15 minutes in 20% aqueous ethanol. The gel was placed in a freshly prepared

staining solution <(staining solution: 2ml 20% silver nitrate in water



together with 2ml 25% ammonia was added to 10ml 4% sodium hydroxide. The
entire mixture was then diluted to 200ml with 20% aqueous ethanol). After
15 minutes, the gel was rinsed for 2x5 minutes in 20% ethanol. The protein
bands were visualised by placing the bgel in developer for between 2-5
minutes. (Developer: 200ul formaldehyde together with 50ul 2.3M citric acid
in 200ml 20% ethanol). The reaction was stopped by placing the gel in a
glycerol-acetic acid-water mixture (1:10:89). The gels were photographed

and stored as described for the coomassie staining method.

3.7.17 YESTERN BLQTS (Towbin et al., 1979)
After running an SDS-protein gel, the entire gel or part of the gel was
blotted onto nitrocellolose (0.2pm filters). In most cases, 1f only a
portion af the gel was blotted, the rest was stained with coomassie stain
to visualise the protein bands.

Note however, bands may be visualised after blotting by staining with
Amido black. See section 3.7.18.
Western ©blotting was carried out in a Biorad Trans blot apparatus
containing = 3L of blotting buffer. Blotting was carried out at 100mAmps
for a minimum of 4 hours or overnight. After blotting, the membrane was
washed in TBS (3.5.23) for 10 minutes then dried and stored between two
sheets of Vhatman 3MM or processed immediately.
(A)Developing nitrocellulose membrane:
After washing in TBS, the membrane was gently agitated in blocking buffer
for 1 hour then washed in TTBS (3.5.24) twice for 5 minutes each time. The
TTBS was replaced with first antibody solution (see section 3.5.27 for
method of raising first antibody) an the membrane was left in this buffer
for 1-3 hours with gentle agitation. The first antibody solution was
removed and stored at -20°C with 20mM Thiomersal. The membrane was washed
as before with TTBS, then placed in a new vessel containing the second

antibody. Note two types aof second antibodies were used:



(a)Goat antirabbit IgG horseradish peroxidase conjugate.
(b)Goat antirabbit IgG alkaline phosphatase conjugate.

(a)>For the horseradish peroxidase, the membrare was left in the second
antibody for 1 hour. The membrane was then washed twice in TTBS for 10
minutes each time follawed by a 10 minute wash in TBS. Colour development
was then carried out using the HRP colour developing reagent described in
section 3.5.32. The membrane was left in the developer for 30 minutes with
gentle agitation. The reaction was stopped by rinsing the membrane twice in
distilled water. Membranes were dried and stored between Whatman 3MM.

(b>With the IgG alkaline phosphatase, the membrane was left in the second
antibody for only 30 minutes. The washings were done as described for the
horseradish peroxidase second antibody. The AP colour developer was
prepared as described in section 3.5.30, and the membrane was left in the
develaoper for 15 minutes. The reaction was stopped by placing the membrane

in AP stop buffer. The membrane was dried and stored between Whatman 3MM.

3.7.18 AMIDO BLACK STAIN

After blotting, the relevant section of the nitrocellulose membrane was cut
and measured. The membrane was then placed in amido black stain (3.5.33),
for 1-2 minutes. The stain was then poured back and the blot washed with
amido black destain (3..5.34). The destain was replaced frequently until
the protein bands appeared and the background stain was removed. The

membrane was then dried and remeasured.

3.7.19.1 ZYMOGRAM STUDIES

At the end of an SDS-PAGE run, one half of the resolving gel was stained
and destained as before, the second half was reactivated. Initially the
method of Blank et al.(1982), was followed. The gel was washed with

constant agitation on an orbital shaker, for one hour with one change of



isoprapanol in 20mM Tris-HCl, pH 7.5, to remove the SDS. The gel was then
washed for 30 minute in 20mM Tris-HCl, pH 7.5.

B-lactamase activity was detected using an adapted method of
Tai et al (1985). 1% starch and 2% agarose was dissolved by heating in Z20mM
Tris-HCl pH 7.5. When the starch solution was harnd-hot, 1% penicillin G was
added and a gel of = 3mm thickness was cast. This zymogram was overlayed
onto the washed gel and covered in Saran wrap and incubated at 37=C. for
between 5-15 hours. The zymogram was develaoped by first immersing it in a
1% penicilin G solution in 20mM Tris-HCl, pH 7.5 for 10 minutes followed by
an iodine solution (0.25M I>, 0.5M NaCl in 1.25M KI). The appearance of
white bands on the dark-blue background indicated the activity of the
enzyme. For amylase activity, the gel was placed in 100ml of 1mM CaCl:
containing 0.5% potato starch. The gel was incubated overnight at 30°C. The
starch solution was then drained and a 1:100 dilution of Lugol's iodine
poured onto the gel. The position of the clear zone was measured and the

gel photographed.

3.7.19.2 Reactivation of SDPS-PAGE with Triton X-100 (Deane et al., 1987)

Vhen isopropanol was used as described above, detection of B-lactamase
activity was not always successful. An alternative method of reactivating
the SDS-PAGE with Triton X-100 was used. The gel was washed in 2.5% v/v
Triton X-100 in 20mM Tris-HCl, pH 7.5 for 2 hours with one change of the
detergent. The gel was gently agitated throughout. To remove any detergent,
the resclving gel was washed twice for 15 minutes each time in 20mM Tris-
HCL, pH 7. Detection of both B-lactamase and amylase was then carried out

as described above.

3.7.20 ISQELECTRIC Z2CUZINC <IEE: LKE instruction manual 1804

Using pre-prepare? ampholine Paz platesz (LKR), which were polyacrylamide

gel= 24821101 mm containing ampholine carrying ampholytes pH 3.5-9.5. IEF




was carried out as described in the instruction manual. At the end of the
run, the electrode strips were removed, and the gel overlayed with strips
of filter paper, the same length as the gel (Vhatman number 1), soaked with
the chromogenic compound Nitrocefin (500mg/ml) (O'Callaghan etal., 1972).
The presence of P-lactamase was detected by a change in colour of the
filter paper from yellow to red. The distance of these red regions from the
cathode were measured.

The gel was then stained for proteins as described in the manual. The
position of the markers and sample protein bands were measured.. The
standards were a mixture of: Amyloglucosidase (pI 3.6), Trypsin inhibitor
(pl 4.6), gB-lactoglobulin A <(pI 5.1), Carbonic anhydrase II (plI 5.9),
Myoglobin (pl 7.2), L-lactic dehydrogenase <(pI 8.6) and Trypsinogen (pl
9.3). Using results from the IEF markers, a standard curve was plotted and
the pl of the samples estimated. The gels were stored in sealed plastic

bags with 10-20ml of preserving solution.

3.7.21 RAISING ANTISERA
Semi-purified B-lactamase was used to raise anti-sera in rabbit
Equal volumes of adjuvant (0.5ml> and antigen were vié}ously mixed together
until a stable emulsion was formed and injected subcutaneously into a
rabbit. After a week a booster injection, using a similar volume of
antigen and adjuvant, was administered. Two weeks after the first
immunization, the rabbit was bled from the marginal ear vein, and = 20-50ml
of blood was collected and left to clot at room temperature. After 2-3
hours, the clot was broken, then left to reform overnight at 4=C. The blood
was then spun at 8000xg for 10 minutes and the serum decanted from the clot
into sterile microfuge tubes which were 1left at 50°C for 1 hour then
stored at -70=C

Alternatively, with large volumes of blood, ammonium sulphate was

added to the serum at 0®C to a final concentration of 291gl-'. The



suspension was centrifuged at 10,000xg for 10 minutes and the immunoglobin
precipitate washed at 0°C with a solution of 1.75M ammonium sulphate until
it was white. This was to remove albumin, transferrin and o-proteins
including haptoglobin and haemoglobin (Harboe and Ingild, 1973).

The final white pellet was dissolved in 10mM sodium dihydrogen
phosphate (NaHzPOa), pH 7.0 and dialysed overnight against disilléd water.
Precipitated lipoproteins were removed by centrifugation at 10,000xg for 10
minutes. The supernatant was dialysed against 10mM NaH-PO. buffer, pH 8.0,
The dialysed material was aliquoted into microfuge tubes and incubated at

50=C for 1 hour before being stored at -70<C.

3.7.22 DOT BLQOT (Hawkes et al., 1982)
To determine the appropriate dilution of the first antibody and +to
ascertain whether all the E.coli antibodies had been cross-adsorbed, dot
blots were carried out. The procedure was essentially similar to the
Western blots. 10-20ul of crude extracellular enzyme, was spotted in
duplicate onto pencil labelled and TBS mbistened nitrocellulose membrarne
strips. In addition, lysed extracts of AL47 (prepared by adding 100pl of
AL47 to 100pl of an FE.coli host ED8654. After adsorption at 37<C for 20
minutes, the mixture was transferred toc 5ml nutrient broth and incubated
overnight at 37=C. 100ul of chloroform was then added and after a further
10 minutes at 3?°C., the lysed culture was spun and the supernatent
retained>, was also spatted out (= 10-20pl). The membrane was left to air
dry for a brief period then the blocking procedure with gelatin was carried
out as described in section 3.7.17.

To determine: (a)If alkaline phosphatase or peroxidase was present in the
enzyme extract. The membrane was then placed into the correct colour

develaoper.




(b)VWorking dilution of first antibody. The antibody was used
neat and at various dilutions 1:100 - 1:1000. in antibody buffer. Dot

blots were then processed as described for Vestern blots.

3.7.23 CROSS ADSORBING QF FIRST ANTIBODY

From dot blot experiments, cross-reaction of the antisera ocurred with
AL47. to overcome this, an equal volume of an E.coli AL47 lysate was added
to a fresh first antibody solution and the mixture was left at 4-C
overnight then spun at 6000xg for 10 minutes. The supernatant was tested,
as described in section 3.7.21 for dot blots, to determine whether the

E.coli antigens had been adsorbed.

3.7.24 PLATING QUT A GENE BANX

A complete gene bank of S.albofaclens in A\L47 was prepared by Dr J.Vard.
Serial dilutions in SM of the gene bank was prepared and 0.1ml of each
dilution was placed in a sterile bijou bottle then mixed with 0.1ml of an
E.cpll host ED8654 or LE392 grown to an absarbance of 0.3 at 450nm. The
bottles were incubated at 37°C for 20 minutes to allow the bacteriophage
particles to adsorb. 3mls of molten soft agar (= 45=C) was added to the
bijou bottles, then poured immediately onto agar plates, incubated at 37=C.
for 12-16 hours.The plaques were then counted and the titer of the gemne

bank determined.

3.7.25 SCREENING OF THE GENE BANK

An appropriate dilution, in SM, of the library of recombinants was plated
out so that for a 9cm pe.%& dish ~ 250-300 plaques were obtained. For ease
in handling 6-8 plates were prepared. Thé plates were incubated as before
at 37°C for 12-16 hours. Any plate showing confluent lysis, was discarded.
The rest of the plates were chilled at 4=C for 1 hour to allow the top agar

to become more firm.




Dry nitrocellulose discs (82.5mm’> were moistened by first placing them
in distilled water then in TBS. Excess buffer was removed by placing the
discs on a piece of VWhatman 3MM. The nitrocellose discs were placed on the
surface of the top agar avoiding any bubbles. The filters were marked in 3
or more assymetric locations by stabbing through it and into the agar below
with a needle. Once the discs were marked, they were gently peeled away
from the top agar using a pair of forceps. The discs were placed on a new
sheet of Vhatman 3MN with the side that had been in contact with the agar
uppermost. Once all the plates had been processed, the discs were placed in
blocking solution and treated as described in section 3.7.17 for WVestern

blots. The plates were stored at 4<C until required.

3.7.26 PICKING PLAQUES

After screening the bacteriophage 1library, and potential recombinants
identified, the positive plaques were picked for further amplification,
using sterile pasteur pipettes. The plaques plus the agar below was drawn
into the pipette and placed into an microfuge tube containing 1ml of SM
buffer and a drop of chloroform. After leaving at room temperature for 1
hour or overnight at 4<C to allow the bacteriophage particles to diffuse
out of the agar, the microfuge tubes were spun and the supernatant was
placed into a new microfuge tube together with a drop of chloroform and
stored for long periods at 4=C.

The selected plaques were then rescreened to confirm that the correct
recombinants had been identified. 10yl of each recombinant in S¥ buffer,
was spotted onto agar plates overlayed with 3ml of soft agar seeded with
200pl of the Dbacterial host. In addition to the potential positive
recombinants, \147 and a plaque that did not light up during the screening
process, was also spotted out as controls. The plates were left upright to

let the phage enter the agar. The plates were then inverted and incubated



at 37°C for 12-16 hours. The plaques were then rescreened as described

previously (3.7.25).

3.7.27 AMPLIFICATION QF POSITIVE RECOMBINANTS

Serial dilutions of the picked plaques were made in SM buffer. 0.1ml of
each dilution was mixed with 0.1ml of the plating bacteria and the process
for plating out the gene bank was followed. After a suitable period of
incubation, plates showing confluent lysis, that is, the outer edges of
the plaques just touching, were processed.

The soft agar was overlayed with 5ml of SM buffer and left at room
temperature for 1-2 hours. The soft agar was then scraped using a flamed
glass spreader and the bacteriophage suspension recovered and transferred
to a sterile universal bottle. The plates were rinsed with 1ml SM buffer.
Chloroform to 5% was added to the suspension, which was then left at room
temperature for 15 minutes with occasional shaking. Cell and agar debri
were removed by centrifugation at 9000xg for 10 minute. The supernatant was
recovered and placed in a clean universal bottle. Chloroform to 0.3% was

added and the universal bottle was stored at 4<C.

3.7.28 YESTERN BLOTTING QF THE PHAGE RECOMBINANTS

The method for blotting the phage recombinants was essentially as
previously described in section 3.7.17. The only difference was the
preparation of the samples. 0.1ml of the amplified phage was mixed with
0.1ml1 of the bacterial host and left to adsorb at 37=C for 20 minutes. The
mixture was then placed in 5ml of L-broth and incubated on a shaker at
37=C for 12-16 hours. 0.1ml of chloroform was then addded and incubation
carried out for a further 20 minutes. The culture was then spun at 9000xg
for 10 minutes an the supernatant was aliquoted into microfuge tubes and

stored at-20<C.



100ul of the thawed samples was mixed with 50yl of SDS-sample buffer and
boiled for 3 minutes. As controls E.col?f lysed by AL47 and crude
extracellular enzyme was simllarly prepared. The samples were then loaded

onto an SDS-PAGE gel and run and blotted as described in section 3.7.17.

3.7.29 Storage of phage recombinants

For long term storage of the phage stocks, dimethylsulphoxide to a
final concentration of 7% v/v was added. After mixing, the bacteriophage
was stored at-70=C. To recover the bacteriophage, the frozen surface of the
ligquid was scraped with a flamed loop. The loop was then used to inoculate
a liquid medium or streaked across the surface of a plate containing an

indicator bacteria.

3.7.30 EXTRACTION OF PHAGE RECOMBINANT DNA

Phage recombinant DNA was extracted essentially as described by
Maniatis et al. (1982)., 200-500ml cof Oxoid Brain heart infusion (BHI) was
used for large scale preparations and for the small~scale preparations up|to

200ml of BHI was used.



3.8 ASSAYIS.

3.8.1. lLiquid assays

3.8.1 Amylase assay (Nelson, 1944)

Amylase activity was measured using a modified version of the
Nelson-Somogyl assay.
500pu1 of a 1% potato starch solution in distilled water was incubated at
37=C for 1 hour with 500pul of various concentrations of B. cerevs amylase
(10-10,000 pg/ml). At the end of the incubation periad, 100ul of the abave
mix was added to 900yl of distilled water in a test tube. 1lml of reagent 4
(see section 2.4.35) was added and the test tubes were incubated at 100-C
for 20 minutes. The test tubes were cooled for 5 minutes in a cold water
bath. Then 1ml of reagent 3 was added. The tubes were shaken until all the
gas had evolved then left to stand for 10 minutes. 10ml of distilled water
was added and the contents of the tube thoroughly mixed. The absorbance at
600nm was read.

To determine the concentration of reducing sugar released in the
enzymic reaction, a standard curve using maltose as the reducing sugar was
prepared. In distilled water maltose solution of various concentrationms
(20-2000pg/ml) were prepared. The method outlined above was followed, and
a standard curve of maltose concentration against Aseo was plotted. From
the maltose standard curve, the concentration of reducing sugar released by
B. cereus amylase and hence amylase activity was determined.

A unit of amylase activity was defined as the amount of enzyme which

released 1lmg reducing sugar from starch in 1 hour at 37=C, pH 7.5

3.8.2 B-lactamase assay

Macro-iodometric assay (Chopra and Richmond, 1982).
5ml of a penicillin G solution (2.5mg/ml)> in O.1M phosphate buffer, pH

5.8 was preincubated for 10 minutes at 30°C. then a volume of the sample



was added and incubation at 30°C was carried out for a selected time of
upto 60 minutes. The assays were done in duplicate. The controcl was 5ml
penicillin G incubated for a similar period. At the end of the incubation,
5ml of iodine/potassium iodide in an acetate buffer was added. To the
control a similar volume of sample was also added. The solutions were mixed
and left at room temperature for 10 minutes. The solution was then titrated
agalnst 0,166N sodium thiosulphate. Two drops of 1% soluble starch was
added when the solution started turning yellow. The end point was
determined when the blue-black solution became clear. Following the
criteria of Chopra and Richmond, titre values of less than 4 or more than 8
were disregarded.

The B-lactamase activity defined as pmol penicillin G degraded h~'ml—',

was calculated as follows:

ENZYME ACTIVITY = Titration difference x _60 x _1 x S

t v

t=incubation periad minutes
V=volume af enzyme assayed ml

S=stoichiometric factor which = 2 for penicillin G

Occasionally, and especially when induction studies were carried out, an
additional control was included in the f-lactamase assay. 5ml of the
filtered and precipitated culture supernanant was incubated at 30<C.,
without the addition of peniciilin G. This was to determine if any residual
penicillioc acid produced as a consequence of f-lactamase on the B-lactanm

compounds that were used as inducers, was present.



3.8.2.2 Gpect =

This method was not routinely used to determine B-lactamase activity
due to the cost of the substrate and alsoc because of the extreme
sensitivity of the system to extraneous material therefore only purified
samples were assayed.
The working solution of Nitrocefin (500pg/ml) was diluted twentyfold in
buffer (0.1M phosphate pH 7.0; 1mM Na=EDTA). Spectrophotometric assays for
B-lactamase were carried by measuring changes in wavelength at 486nm. 1 unit
of fB-lactamase activity was defined as the amount of enzyme hydrolysing

1pmol of substrate/hour/ml,

3.8.3 Rapid detection of B-lactamase

The chromogenic compound Nitrocefin was used as a rapid way of
detecting fB-~lactamase in liquid and on agar plates. 10pl of a 500pg/ml
Nitrocefin solution was added to 100pl of sample in a micro-titre tray. The
two solutions were mixed and the time taken fcr the Nitrocaefin tco change
from yellow to red was neted. The zontrecl was the buffer in which the
czmple wa:z prepared.

For deterticr of bacterizl R-lactamass on plates, the FNitrocefin was

spotted orto the culture and the time for the colour change was noted.

3.8.4 Bradford assay (Bradford, 1976)

Protein concentrations were measured using the micro-Bradford assay
outlined in the Biorad instruction manual. Bovine serum albumin (BSA) in

distilled water was used to obtain a standard curve.



3.8.5 Protease assay (Geiger and Fritz, 1984)

This assay was for trypsin-like activity. The activity was assayed

using benzoyi—D—,L-arginine—p—nitroanilide (BApRA):

BApFA + Hz ——-—————- > benzoyl-L-arginine + p-nitroaniline

BApNA <(4mM in dimethyl sulphoxide (DMSQO)), 20mM Tris-HC1l, pH 7.5, 5mM
calcium chloride <(buffer) and the sample to be analysed were separately
pre-warmed in a 30°C water bath.
0.05ml BApNA, 0.4ml buffer and 0.05ml sample were well mixed in a cuvette.
The 1increase 1n absorbance at 405nm, 30°C was measured against a blank
containing no sample, 1in a Perkin-Elmer dual beam spectrophotometer
attached to chart recorder (e=10,200 M~' cm' for p-nitroaniline).

One unit of enzyme is defined as the amount of enzyme required to

catalyse the hydrolysis of 1lumol of substrate/ml.

ENZYME ACTIVITY

Change in x Volume in x __1  x 60 x 10%

(umol/hour/ml) absorbance cuvette sample
(abs/min) 1000 volume
10,200
= _OA_ x _0.5 X 1 x 60 x 10°
10,200 1000 0.5

58.82 AA




3.9 Plate assays

Enzyme activity from time course studies were determined by plate
assays. These assays were carried out in duplicate and the percentage of

error in the results fell within +10%.

3.9.1 Amylase plate assay

The substrate - Potato starch (1%) was inco rporated into 1.5% bacto-agar
plus 20mN sodium azide (antibacterial agent), and made up to the
appropriate volume with distilled water and autoclaved. 25ml of agar/plate
was poured and after the agar had hardened, the plates were dried briefly
at 50=C. Wells (0.6 cm in diameter) were then made in the agar using a
sterile pasteur pipette. A volume 50-100pl of the sample was placed into
the wells and the plates incubated upright at 37=C. For enzyme preparations
and time course studies the plates were incubated overnight = 15 hours.
Clear zones on a blue-black background were visualised at the end of the
incubation period by flooding the plates with 1:100 dilution of Lugol's
iodine.

A standard curve, relating Amylase activity to zone size, was obtained
using commercially available bacterial a-Amylase. Ten-fold increase in
concentration of the Amylase, from lpg/ml to 10,000pg/ml, was incubated as
before but the time was reduced to 5 hours (Figure 3.1>. The natural
logarithm (Ln) of enzyme activity (umoles/hour/ml), in liquid see section
3.8.1, using the same Amylase preparation was then plotted against zone
size (Figure 3.2,

Enzyme activities from time courses was then estimated from the standard
curve. The results however, had ta be divided by 3 to account for the

difference in incubation times.
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3.9.2 Protease plate assay

Protease activity in agar was determined as described in 3.8.5. The
substrate used was 1% Skimmed milk <{(containing not more than 1.5% fat).
Clear zones could be visualised without treating the plates. However to
facilitate measurement, the =zones were highlighted by flooding with
Coomassie stain for ‘5-10 minutes. A standard curve was obtained using

Bovine Trypsin (Figures 3.3 and 3.4).

3.9.3 Palyvinyl plate assay (PVA) for B-lactamase (Sherratt and Collinms,

1973)
A different type of plate assay was used to detect B-lactamase production.
0.75% polyvinyl alcohol (PVA) was incoorporated into the solid medium (%NA,
modified R2YE). After allowing the cultures to grow and sporulate, the
plates were first flooded with 1% penicillin G in sodium phosphate buffer
pH 7 for 20 minutes. The antibiotic solution was then replaced with a
0.166F iodine/ 0.32M potassium iodide solution in 1% sodium tetraborate
for = 1 minute. The iodine reacts with PVA to form a blue complex. The B-
lactam ring of penicillin G 1s hydrolysed by any Pp-lactamase present,’
resulting in the production of stoichometric proportions of the penicilloic
acid. This acid removes iodine from the I./PVA complex leaving a clear

zone.
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RESULTS

4 SCREENING FOR B-LACTAMASE ACTIVITY.

Streptomyces are an important group of industrial
microoganisms, not only for the large number of antibiotics they produce
but also because of the range of enzymes they secrete.

Many Streptomyces strains produce f-lactamase (Ogawara, 1981).
Considering that many f-lactam antibiotics and B-lactamase inhibitors
are also produced Dby streptomycetes, inferest on the subject of
Streptomyces P-lactamase has developed in an attempt to discover how
these three substances interact with each other in this species.

In thié laboratory, B-lactamase was selected for investigation
for two main reasons. This enzyme was not present in the laboratory
strain S. lividans TK 24 (see section 4.1 and 4.2 and Jaurin et al.,
1688), which would greatly facilitate the expression and analysis of the
enzyme., Secondly, this was an enzyme that was secreted into the

n
external media which helped greatlyhits detection and extraction .

The work in this section describes the screening for 8-
lactamase of fifteen strains available in the laboratory. The strainms
were chosen because they represented a wide range of streptomycetes and
thermophilic actinomycetes. Over the years, many methods have been
described for the detection of B-lactamase from bacteria. Initially, the
majority of these methods were devised for screening of B-lactamase
producing Staphylococci because of the clinical significance of this
enzyme in the Staphylococci; but more recently these methods have been
applied to the detection of fB-lactamase production in other Gram

positive and Gramnegative organisms.




The methods are based on the changss that take place following
the hydrolysis of the f-lactam bond in penicillins and cephalosporins.
This results in :

(a) formation of an extra carboxyl group to give an acid compound
that can be detected by its ability to reduce iodine or by using pH
indicators.

(b) loss of antibacterial activity of the compound that can be
detected by a microbioclogical assay technique.

(c) electron shift in certain chromogenic cephalosporins which give

rise to the formation of coloured products.

4.1 SCREBNING Streptomyces SIRAINS FOR S-LACTAMASE.

4.1.1 Screening on Polyvinyl alcohol

The 16 strains were grown on ¥NA plates containing 0.75 %
polyvinyl alcobol (PVA). The plates were incubated at the appropriate
temperature (Table 4.1), until sporulation had occurred and R-lactamase
activity was detected as described in section 3.9.3. The iodine reacts
with PVA to form a blue complex. The B8-lactam ring of pemnicillin G is
hydrolysed by any B-lactamase present, resulting in the production of
gtolchometric proportions of the penicilloic acid. This acid reacts with
iodine in the I2/PVA complex leaving a clear zone. The results of the

screening are shown in Table 4.1.



TABLE 4.1 SCREENING FOR 8-LACTAMASE ACTIVITY USING PVA OR NITROCEFIN.

|
1 S.coelicolor M130
}

faint zone 30 minutes

! | Zones on  |Time for colour changel
| STRAIR | 0.75% PVA | NITROCEFIN 20ug/mi |
130=C !
! I ! I
1 S.albus I 0.2cm ! 10 minutes ]
! | ! |
| . griseus I ¢ 0.2cm | 20 minutes |
! I ! [
| 8. parvulus I < 0.2cm | 20 minutes |
| ! ! |
| S. lavendulae | no zone ! 30 minutes !
! ! ! |
| Micromonospora species LL17 I no zone ! no colour change !
!
137=C I
| ! | !
} S. albofaciens [ 0.7cm | < 5 minutes |
| ! I !
| S. rimosus ! 0.5cm | < 5 minutes I
| ! I !
| 8. 11ividans TK24 ! no zone | no colour change !
I | !
! I !
! I |
! I |

1 S.violaceoniger 0.6cm 5 minutes
l-‘l‘hermophiles -(50°C> !
:S. thermovulgaris !/ ¢ 0.2cm | 20 minutes :
:Thermamanospara curvata BD3 : ¢ 0.2cm : 20 minutes :
:Tbermomonaspora chromogena BD108: < 0.2cm : 20 minutes :
:Tbermamonospora fusca BD116 : < 0.2cm : 20 minutes :
:S. thermoviolaceous CUB74 : no zone : no colour change :
| | !

4 strains S.albus, S. albofaciens, S. rimosus and &.violaceoniger,
produced significantly larger zones on the PVA plates than the other
strains. Out of the 4, the zone produced by S.albus was the smallest as

illustrated in Figures 4.1(a)-4.1(d).



Figures 4.1(a)>-4.1(d). Detection of B-lactamase activity by plate assay.
The streptomycete strains were grown on ¥NA containing PVA. After growth
and sporulation at 37=C., the agar plates were flooded first with a 1%
penicillin G solution then an iodine/sodium tetraborate solution. Zones
of clearing due to B-lactamase activity were measured. The photographs
below and on the following pages, show f-lactamase activity by &S.

albofacliens, S. rimosus, S. violaceoniger and S. albus.
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4,1.2 SCREENING VITH NITROCEFIN

The 15 strains were also screened with Nitrocefin. This is a
chromogenic cephalosporin derivative (0O' Callaghan et al., 1972), which
is extremely sensitive to the action of the majority of B-lactamases
produced by Gram-positive and Gramnegative bacteria. In the presence of
f-lactamase, hydrolysis of the B-lactam ring results in the formation
of a red colour.

The Nitrocefin (500ug/ml) was diluted to 25pg/ml with O0.1imM
NazEDTA in 0.1 sodium phosphate pH 6.0, then placed onto the
streptomycetes and actinomycete strains grown on ¥NA. The time taken for
the straw coloured Nitrocefin to turn red was noted. Strains that were
good producers of f-lactamase produced a faster colour change than the

weaker producers. The results are shown in Table 4.1,




4,1,3 SENSITIVITY TO AMPICILLIN
As a final screening protocol, the 16 strains were grown on
¥NA with various concentrations of Ampicillin (Amp). The results are

shown in Table 4.2.

Table 4.2 Sensitivity to Ampicillin,

STRAIN H Amp CONCENTRATION pg/ml

: ¢ 10 : 50: 100 : 250 : 500 : :
:S.albus ¢+ ¢+ + ¢ + : no growth: size of colonies
: : : : : ! : decreased with :

; : : : ! increasing [ Amp] :
1S, griseus ¢+ ¢+ + ¢ + : no growth: :
1 S.parvulus t+ 1 +:+ : + : no growth: :
+ S.lavendulae R no growth ! :
tLL 17 : no growth : :
:S.albofaciens : + : + : + ¢ + : no growth: no difference in :

colony size

e e

: 8. rimosus ¢+ ¢ +: 4+ : + : no growth: no difference in :
: : : : : colony size :
:S.1ividans TK24 : + : + : + : no growth

:S.coelicolor HE S : no growth

:S.violaceoniger : + : +: + ¢ + : no growth: no difference in

: : : : : : ¢ colony size :
: S, thermovulgaris: + : +: + 1 + : no growth: :
:BD 3 : ‘no growth ! :
:BD 108 : :no growth : :
¢BD 116 : :no growth :
:CUB 74 HEE S no growth ¢ size of colonies
! : : : : idecreases with [Ampl:

+ denotes growth at a particular Amp concentration.




It i5 interesiing to note that some of the strains that wers
found to be non f-lactamase producers according to the results in Table
3.1 are able to grow on ampicillin concentrations similar to f-lactamase
producers. For example, S, albofaciens, on PVA plates p?oduced clear
zones that were 3.5 times larger than the zones measured for S.
thermovulgaris. In addition, S. thermovulgaris produced a colour change
in Nitrocefin after 20 minutes compared to the very rapid response by S.
albofaciens of less than 5 minutes. Yet, both these microorganisms were
able to grow on Amp on concentrations of up to and including 250ug/ml.
Similar results on PVA plates and with Nitrocefin, were seen for
S.griseus, S. parvulus and yet again, these strains were able to
withstand Amp concentrations of upto 250pug/ml. S. albus also produced
zones that Wefe‘3;5‘timés‘sﬁailér‘thaﬁ fhétkof S.‘aibafﬁcieﬁs; Suf Qifh‘
Nitrocefin produced a fairly rapid response. The colour change for S.
albus occurred at least twice as fast as S griseus, S. parvulus or &
thermovulgaris but its growth pattern on Amp was similar to these three
microorganisms.

These results indicate that resistance to f-lactam antibiotics

cannot always be attributed to the action of the enzyme B-lactamase but

may be due to other factors.



From the screening procedures, the 3 strains S. albofaciens,
S. rimosus and S, violaceoniger, were found to be good producers of 8-
lactamase. Uétx)the start of the work described in this thesis, detailed
studies on the properties and purification of Streptomyces f§-lactamases,
had not been reported. During the course of this work, Dehottay et
al. (1986), reported the cloning and sequencing of the B-lactamase from

S, albus G and therefore this strain was not studied further.

4.2 PRODUCTION OF 8-LACTAMASE IN LIQUID,

Like the screening methods, a large number of quantitative
assay techniques have been used for f~lactamase because no one technique
has proved ideal for all situations. Vhatever the preparation of the
enzyme or the purpose of the assay, the concentration of B-lactamase was
estimated ©primarily from its effect on a known concentration of f-
lactam substrates. Methods for assaying f-lactamase can be divided into
two main groups. In one the concentration of unchanged substrate
remaining 1s measured; 1in the other, the assay determines the
concentration of breakdown products.

For a good general assay the iodometiric assay is the easiest
and most reliable (Sykes and Matthew, 1976). This method was originally
published by Perret in 1954 but since then it has undergone a number of
modifications and refinements. This method is ideal for the assay of the
majority of enzymes when using penicillin as the substrate because it
relies on the reaction of iodine with the penicilloic acid produced by
R-lactamase action. For this work the macro-iodometric technique was
used (Chopra and Richmond, 1982). The amount of iodine that has reacted
with the penicilloic acid was determined by back titration with sodium

thiosulphate.



4,2.1 EFFBCT OF GLYCINE
Some strains of Streptomyces require glycine for growth
(Hopwood et al., 1985). Since the strains were able to grow and produce
R-lactamase in %NB, it would appear that there was sufficient glycine in
this medium ta sustain growth of these Streptomyces. The effect?adding
more glycine to the growth medium was thus investigated to see if this
would result in an enhanced production of B-lactamase. Standardised
spore inoculums of each of the 3 strains was added to ¥NB containing
0%, 0.75%, 1% and 1.5% glycine. The cultures were grown in shake flasks
at 37°C and 10ml samples were removed at various time intervals and the
supernatant assayed for f-lactamase as previously described. The results
for S.albofaciens are shown in Figures 4.2.
The addition of . glycine does not appear to increase f-
lactamase activity significantly. The trend seen with S.albofaclens was
also reflected in the assay carried out on S rimosus and S.violaceoniger

(data not shown).



Figure 4.2 The effect of suplementing glycins to the growth medium of
S. albofaciens. 10ml aliquots of ¥NB cultures, containing 0%, 0.75%, 1%
and 1.5% glycine, were assayed for f-lactamase using the macro-

iodometric tech nique. No significant increase in enzyme activity was

detected.




ba b

@ G
@2
@@

@&

@&

B&

2&

2 @

E&

G&

F&

L

& FE)

$ E@

1&

% &



4.2,2 IEDUCTION OF f-LACTAMASE

Many B-lactamases from Gram-positive bacteria can be induced
by the addition of penicillin (Ozer et al., 1970; Sachilhanandam et al.,
1974), The effect of adding penicillin G or ampicillin to the 3 strainms,
growing in liquid, was monitored.

Each strain was grown in 400ml %NB and after 16 hours of
growth 10 ml aliquots were removed at regular intervals and assayed for
f-lactamase. 20 hours after inoculation, 100ml of the cultures was
aseptically transferred into sterile flasks and penicillin G or
ampicillin (100ug/ml) was added. The concentration of antibiotic was
selected on the basis of the results in Table 4.2, that is, the highest
possible concentration that had little or no effect on the growth of the
three strains. The cultures containing the B-lactam antibiotic were then
sampled and assayed for f-lactamase activity. The non-induced cultures
were also assayed as a control.

The results in Figure 4.3(a)-4.3¢(c), show that for S
albofaciens, S.rimosus and &S, violaceoniger there was no significant
increase 1in $-lactamase production upon addition of a B-lactam
antibiotic. These results, are in keeping with the findings of other
workers where the production of f-lactamase in Streptomyces was found to
be constitutive (Ogawara et al., 1974). However a recent report (Forsman
et al., 1989), has shown that at least the f-lactamase from S. cacaoi
can be induced by a f-lactam compound- 6-amino penicilloic acid (6-AFA).
In 1liquid cultures, a 50- fold increase in f-lactamase expression was

pbserved within the first three hours after the addition of 6-APA.
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" Figure 4.3(b). The induction of B-lactamase activity in S. rimosus. 16
hour ¥NB cultures grown at 37<C., were assayed for BR-lactamase activity
over a period of 4 hours. The culture was divided into three separate,
sterile flasks and penicillin G or ampicillin (100ug/ml) was then added
to one of the flasks The two cultures together with the uninduced
control were assayed further,

(9) signifies time point at which antibiotic was added to the culture,



$1

$G

$2

$ @

$G

®» BB
Qe ®

$F

cC C

$1

*

$ %
<

@ &

>

e@$ @B @2



Figure 4.3(c?. The 1induction of fB-lactamase activity in &S
violaceoniger, 16 hour ¥KB cultures grown at 37<C., were assayed for §-

lactamase activity over a period of 4 hours. The culture was divided

into three separate, sterile flasks and penicillin G or ampicillin
(100pg/mil) was then added to one of the flasks. The two induced
cultures together with the uninduced control were assayed further,

(#) signifies time point at which antibiotic was added to the culture.
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4,2.3 EFFECT OF DIFFERENT LIQUID MEDIA

Since the addition of glycine or B-lactam antibiotics did not
lead to an increase in levels of extracellular f-lactamase, the aim of
this study was to look at the production of B-lactamase by the three
microorganisms in various liquid media. A spore preparation of each
strain was inoculated into a number of different media ¥NB, TSB, Malt
and YEME and grown at 37<C. After an appropriate period of growth, 20ml
samples were removed and assayed. The culture, that 1is, the cells and
the culture supernatant, the filtered extracellular fluid and the
dialysed extracellular fluid (dialysis carried out as described in
methods section 3.7.11), were assayed for each time point. The results
are shown 1in Figures 4.4(a)-4.4(c). In addition at the peak of 8-
lactamase activity, an aliquot of the culture was spun, the cell pellet
resuspended in birnboim buffer and sonicated. The sonicate, sonicate
supernatant and filtrate, were assayed separately for g-lactamase
activity, to determine if the enzyme was cell-bound. No R-lactamase

activity was detected in these samples.




Figuré 4,4(n), The affect of different media on f-lactamase production.
S. albofaciens was grown in a variety of liquid media ¥NB, TSB, Malt and
YEME. After an appropriate growth period, the cultures were sampled over
an interval of time. The culture, filtered supernatant and dialysed

supernatant were assayed for f-lactamase activity.

Figure 4.4a(i) shows the B-lactamase activity measured in ¥NB, TSB and
Malt. The results show activity measured in the dialysed samples. Very

little activity was detected in the supernatant prior to dialysis.

Figure 4.4a(ii) shows f-lactamase activity measured in YEME cultures of
S. albofaciens. The activity detected in the culture, filtered

supernatant and filtered then dialysed supernatant, are depicted.
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Figure 4.4(b). The sffact of different median on B-lactamass production.
S. rimosus was grown in a variety of liquid media #NB, TSB, Malt and
YEME. After an appropriate growth period, the cultures were sampled over
an interval of time. Theculture, filtered supernatant and dialysed

supernatant were assayed for B-lactamase activity.

Figure 4.4b{(i) shows the B-lactamase activity measured in %NB, TSB and
Malt. The results show activity measured in the dialysed samples. Very

little activity was detected in the supernatant prior to dialysis.

Figure 4.4b(ii) shows B-lactamase activity measured in YEME cultures of
S. rimosus. The activity detected in the culture, filtered supernatant

and filtered then dialysed supernatant, are depicted.
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Figure 4.4(c}). The effect of different media on B-lactamasa productiosn.
S. violaceoniger was grown in a variety of liquid media #NB, TSB, Malt
and YEME. After an appropriate growth period, the cultures were sampled
over an interval of time. The culture, filtered supernatant and dialysed

supernatant were assayed for f-lactamase activity.

Figure 4.4c(i) shows the B-lactamase activity measured in %NB, TSE and
Malt. The results show activity measured in the dialysed samples. Very

little activity was detected in the supernatant prior to dialysis,

Figure 4.4c(ii) shows B-lactamase activity measured in YEME cultures of
S. violaceoniger. The activity detected in the culture, filtered

supernatant and filtered then dialysed supernatant, are depicted.
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Figure 4.4(c) Effects of media on production of B-lactamase

by S. violaceoniger.



For %NB, TSE and Malt hardly any B-lactamase was detected in
the extracellular fluid. With the Malt medium, growth of all 3 organisms
was very poor and very little if any B-lactamase was detected. VWith the
exception of YEME, the Streptomyces grew as large pellets whereas for
YEME the growth was more dispersed. The best yields of f-lactamase was
obtained with YEME for both S.albofaciens and S.rimosus and activity was
detected in the filtered broth. For S viclaceoniger, there was hardly
any difference in B-lactamase activity when TSB or YEME was used.
S.albofaciens appeared to secrete the most f-lactamase in YEME followed

by S. rimosus and S. violaceoniger.

4.3 DISCUSSION,

From these studies, 3 Streptomyces strains &S.albofaciens,
S.rimosus and S. violaceoniger, were found to produce significant levels
of p-lactamase. However of the 15 strains tested 11 displayed some
degree of enzyme activity as judged on the PVA plate test. The enzyme

was found to be constitutively produced in §.albofaciens, S. rimosus and
S, violaceoniger. YEME proved to be the best medium for the production
of f-lactamase with S.albofaciens producing the most extracellular
enzyme in the broth,

pf-lactamase activity in the filtered and dialysed supernatant
was greater than the filtered supernatant. The difference in enzyme
activity could have been due to the presence of low molecular weight
inhibitors which were removed by dialysis. Clavulanic acid and olvanic

| weight

acid are examples of low molecular)inhibitors produced by Streptomyces.
However, these compounds interact with f-lactamases to form stable acyl-
intermediates which may not be easily removed by dialysis. Alternatively
inhibition may have also been due to other low molecular weight

compounds that do not form covalent bonds with the enzyme. A number of

amylase inhibitors produced by Streptomyces, fall in this catergory. For



axample, the o-amylase inhibitor Paim, from 5. corchorushii (Arai et
al., 1983; Murai et al., 1985) 1s of sufficient low molecular weight
(4100-4200 kDa), to be removed by dialysis.

A second significant finding was that S. lividans TK 24 did
not produce any f-lactamase. This was important because S. lividans is a

good host for cloning.













































































































































































































































































































































