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SUMMARY

STUDY OF Streptomyces B-LACTAMASE.

6-lactamases play an important part in the resistance of many 

bacteria to B-lactam antibiotics. This degradative enzyme hydrolyses the 

amide bond in 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 fi-lactamases.

In this study, the production of B-lactamase by Streptomyces

was examined. Out of 15 Actinomycete strains screened 3, Streptomyces

albofaciens, Streptomyces rimosus and Streptomyces violaceoniger, were 

iound to produce significant amounts of B-lactamase. From time course 

studies, 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 0-lactamase from

S. albofaciens, indicated that the enzyme was a serine type B-lactamase

with a molecular weight of aproximately 52kDa.

Semi-purified 0-lactamase from S. albofaciens was used to 

raise anti-sera in rabbit. In Western-blot analysis of crude extra 

cellular enzyme from S. albofaciens, S. rimosus, S. violaceoniger, and the 

semi- purified B-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 E. coli-Streptomyces shuttle vector pQRl. 

In addition attempts were made to subclone the bla gene into pQRl and 

transformed into the Streptomyces host Streptomyces lividans.

0-lactamase activity from the Streptomyces lividans transformants 

displayed 0-lactamase activity on agar plates.



2 IHTBODUCTI01

2. l Streptomyces ia general

The genus Streptomyces (Waksman 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 pm thick), individual branches of 

which are called hyphae. Streptomyces DNA have an unusually high content 

of G+C base pairs (about 73%) (Benigni et al., 1975) compared to

Escherichia coll (about 49%) and Bacillus subtills (about 43%). The 

genome size is large, estimates varying from 3,7-7.0 xlO9 Daltons 

(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 (StastnA, 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 in Gram-positive 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 is 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 (2ES3- 

isocaproylyl-3CR]-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 it and yet does not need it 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
a.

from Adetailed study of sporulation in S. 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 is 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 

colony.

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., 1983),



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 £-andrenergic receptor antagonist 

from S.gabonae (Kase et al., 1986) and Avermectin - a potent 

antihelmin'U.c 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 (Kondou et al. , 1986; Iwasaki et al. , 1986), for cx-

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 in Streptomyces follows the known secretion
subtills

mechanism of B. coli and B a c i l l u s ilhavy 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.



Cloned Streptomycete extracellular.proteinsTable 2.1

Gene(s) or gene products 

"“Agarase

*a-amylase

"“a-amylase inhibitor (Haim II) 

♦Chitinase 

*“£-lactamase

Cholesterol oxidase 

"“Extracellular DD-peptidase

"“JJ-galactosidase 

"“Proteases A & B 

"“Streptavidin 

♦Tyrosinase (mel)

Xylanase

♦ The gene(s) has had its entire

Sources 

S.coelicolor

S. limosus

S. hygroscopi cus

S. grlseorsporeus

S. plicatus

S. al bus 
S. cacaoi

S. llvi dans

Streptomyces sp 
strain R61

S. lividans

S. griseus

S. avldlnii

S. antibiotlcus

S. lividans

nucleotide sequence determined.

References

Bibb et al. , 1987;
Buttner et al., 1987; 
Kendall and Cullum, 1984

Long et al. , 1987;

McKillop et al., 1986.

Salto et al. , 1986.

Robbins et al., 1988

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

Bailey et al., 1984

Duez et al., 1987

Bckhardt et al., 1987

Henderson et al., 1987

Argarana et al., 1986

Horinouchi and Beppu, 1985; 
Katz et al., 1983

Kondou et al., 1986



2.3 Biochemical basis of antibiotic resistance

Despite producing a number of commercially important 

extracellular enzymes, initial 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, ^-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 illustrated previously, Streptomyces produce the

majority of antibiotics, many of which are of great medical importance 

including the ̂ -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 Gram-positive 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. While 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 0-lactamase by 

streptomycetes. 0-lactamases (penicillinases and cephalosporinases) are 

a classic example of antibiotic destroying enzymes. The increasing 

interest in 0-lactamase is mainly due to the necessity of understanding 

the mechanism of their action as agents responsible for increasing 

resistance to 0-lactam antibiotics found in a growing number of 

microorganisms. 0-lactamases can also be used in clinical laboratories 

for routine identification of 0-lactam antibiotics in blood serum and as 

preparations causing inactivation of 0-lactams in sensitised patients. 

These enzymes are also applied in the food industry to decompose 0- 

lactam antibiotics in milk (Peczynska-Czoch and Mordaski, 1988).

In 0-lactam antibiotic producers, 0-lactamase cannot be the 

means of self-protection. Chiefly because this results in the futile 

production of the 0-lactam compounds if the organism then secretes an 

enzyme to inactivate the antibiotic. In addition 0-lactam antibiotic 

producers may secrete 0-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 0-lactam antibiotic 

occurs much later than 0-lactamase. The production of 0-lactamase in 

the early part of the Streptomycete life-cycle was demonstrated in the 

work described in this thesis. The producers of 0-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 0-lactamase 

and yet were able to grow on high concentrations of ampicillin. In 

further work the growth of 0-lactamase producers on very high 

concentrations of 0-lactam antibiotics, did not result in increased 

production of the 0-lactamase enzyme in response to the stress imposed 

on the Streptomycete.

2.4 0-lactanases
Enzymes capable of hydrolysing 0-lactam rings are termed 0- 

lactamases CE. C. 3.5.2.6. penicillin [cephalosporin] ami do-0-lactam 

hydrolase). 0-lactamases are elaborated by bacteria as a defence 

mechanism against 0-lactam antibiotics; these compounds are completely 

inactivated by the hydrolysis of the 0-lactam ring catalysed by 0- 

lactamases Figure 2.1.

OfeCONH

COO^a*
.frtectamaaeBenzyipenlcOUn

OfeCONH

COOH
BenzyipeniciUoic add 

(Antibacterialty inactive)

Figure 2.1 Generalised reaction catalysed by 0-lactamase with 

Benzylpenicillin as the substrate.



(3-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 (3-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.

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.

Besides ^-lactamases, J3-lactam antibiotics are susceptible to

1 Penicillins

0 H

COOH

2 C ephofosporins

0 H

COOH 3

Figure 2.2 Sites for enzymic attack on penicillins and cephalosporins: 

1, (3-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 0-lactam antibiotics; the cleavage often 

results in reduction of antibacterial activity. However, the amidase 

reaction being reversible (Okachi, 1979), is 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- 

amlno penicillanic acid on an industrial scale (Vandamme, 1963).

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. Abraham and his colleagues identified the 

product of hydrolysis as penicilloic acid.

As shown in Figure 2.3 there are many ^-lactamases in nature.



Gram positive bacteria
I

(exoenzymes)
S. aureus 

S. epldermidls 

Bacillus Chromosomally mediated
Clostridia (periplasmlc enzymes)

Gram negative bacteria Mycobacteria Hocardia

Plasmid mediated 

(periplasmlc enzymes)-

Ce pha1ospor1nases
— I I i
Penicillinases Broad sprectrum Cerfuroxlmases

P. mirabilis

Xorganella 

Xorganii

Klebsiella

Bacteroides

Legionella

Branhamella

P. vulgaris

Ps. cepacia

Constitutive 
Bacteroides 

Acinetobacter 

Inducible 
Enterobacter 

Citrobacter 

Serratia marcescens 

Pseudomonas 

Providencia

Broad spectrum

TEM-1, TBM-2 
(common)
OXA 1,2,3 
PSB 1,2,3,4 
SHV, SHV-1, 
HMS-1

FIGURB 2.3 Various microbial 0-lactamases and their distribution in nature



Production of 0-lactamases has been reported from Gram-negative and 

Gram-positive bacteria (Richmond and Sykes, 1973; Sykes amd Matthew, 

1976); actinomycetes (Ogawara, 1975; Ogawara et al.t 1978, 1981); yeasts 

(Mehta and Nash, 1978); blue-green algae (Kushner and Breil, 1977). 0- 

lactamase activity is not confined to microbial source, Mammalian liver 

contains an ester-specific 0-lactamase (Snow, 1962), and Koch et al. , 

(1953) found a 0-lactamase in rat brain. These enzymes exhibit a 

considerable specificity in that their only substrates are compounds 

containing a reactive 0-lactam ring.

The advent of penicillin in clinical therapy, applied a 

selection pressure on the Gram-positive cocci, resulting in the 

appearance in hospitals of 0-lactamase producing, penicillin resistant 

strains of Staphyloccus aureus. This in turn led to the pressure to 

discover new 0-lactam antibiotics to overcome the problem. Introduction 

of new antibiotics applied additional pressure to the microbial 

papulation completing the cycle. A major driving force for this cycle of 

events has been provided by 0-lactamases.

2.5 Classification of B-lactamases

Much of the classification of 0-lactamase has been carried out 

on Gram-negative bacteria mainly because of their clinical importance. 

The initial classification of 0-lactamases followed the general 

principle of describing enzymes by the characterisation of their 

relative activity against 0-lactams ("substrate profiles"). On this 

basis enzymes were classified as being penicillinases (very much greater 

hydrolytic activity against penicillins 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 0-lactamases, Proteins migrate 

according to their isoelectric points (pi) in pH gradients produced 

electrophoretically on thin layers of polyacrylamide gels or agarose 

(Vecoli, et alt 1983). 0-lactamases are visualised with a cephalosporin 

substrate (nitrocefin) being hydrolysed to a chromogenic (red) product 

(O'Callaghan, et al., 1972). This method allows the separation of 0- 

lactamases without previous purification and has proved especially 

useful for grouping plasmid mediated 0-lactamases and the detection of 

chromosomal 0-lactamase in virtually all bacterial species studied 

(Matthew et al. , 1976). It has also allowed the fingerprinting of 0-

lactamases to the point of separating enzymes differing in only one 

amino acid; for example, the ampicillin resistant 0-lactamase of E. coll 

TEM1 and TEM2 (Sutcliffe, 1978).

With the availability of structural data on 0-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



0-lactamases lack a conserved histidine residue among the known 

sequences.

The penicillinases of S.aureus PCI, B. licheniformls 794/C, 

B.cereus 569/H, 0-lactamase 1 B.cereus 5B and E.coli TEM-1 and TEM-2, 

belong to the Class A 0-lactamases. Despite being penicillinases, these 

0-lactamases differ widely in their isoelectric points and in their 

substrate profiles. The TEM enzymes are transported into the periplasmlc 

space of Gram-negative organisms. All of the Gram-positive enzymes are 

secreted into the medium, but in some cases for example,

B. licheniformls, a small amount of the enzyme remains attached to the 

cell- surface. B. licheniformls has two forms of 0-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, 

1982) 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. subtills and the sequence around the active site Serine of the

Class A 0-lactamases, supporting the hypothesis that these 0-lactamases

may be derived from PBP involved in peptidoglycan synthesis (Yocum and 

Waxman, 1979; Vaxman, 1982).



2.5.2 CLASS,B
This 0-lactamase only detected in B. cereus 569/H (Kuwabara and 

Abraham, 1967) and Pseudomonas maltophilla (Saino et al.,1982), requires 

a metal co-factor normally Zn II (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 QLASS_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 0-lactamase from B. coll 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 E.coll "cephalosporinase when used as a probe showed a 

wide range of Gram-negative organisms Pseudomonas, Shigella, Klebsiella 

Serratia (Bergstrom et al., 1982) and Citrobacter (Bergstrom et al, 

,1983) contained homologous genes in 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 0-



lactamase as well as the Enterobacter cloacae P99 enzyme (Chariier et 

al., 1983).

Recently, a Class D group of oxacillin-hydrolysing 0- 

lactamases has been proposed, including the OXA-2 0-lactamase of 

Salmonella typhimurium (Dale et al., 1985) and the PSE-2 enzyme of

Pseudomonas aeruginosa (Houvinen et al. , 1988).

2.6 PEfllCILLIB.DIBDIKG PRQIEIflS (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 Gram-negative and Gram-positive 

bacteria is very similar in chemical composition. Called peptidoglycan, 

this layer is a thin sheet composed of two sugar derivatives, N- 

acetylglucosamine and N-acetylmu^mi 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 is the 

transpeptidation step which is the site of action for penicillin and 

other 0-lactam antibiotics (Vise 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 0-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 Gram-positive 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 Gram-negative 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 penicillin.

A considerable amount of work has been done with E.coli to 

identify the targets (PBPs) for 0-lactams. In E.coli, there are 2 

classes of PBPs; the lower MW (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.coli PBPs are of higher MW and appear to be mainly responsible for 

peptidoglycan biosynthesis. It is these PBPs that are inhibited by 0- 

lactam antibiotics.

Ghuysen and co-workers have also examined soluble proteins 

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 Actlnomadurans R39 (MW 53,000), Streptomyces R61 (MW 

38,000) and a Zn containing enzyme from S. albus G (MW 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 (Eugyen-Disteche et al., 1982). This enzyme is similar to 

Streptomyces R61 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 its 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, if the acyl- 

enzyme intermediates were attacked by water, the sequence would 

correspond 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 0-lactam ring, forming an inactive penicilloyl-enzyme which is 

relatively stable and thus resistant to attack by cell wall amino 

acceptors (reaction 2a in Figure 2.5).

It has been suggested that 0-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 0-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 0-lactamases and DD- 

peptidases (PBPs), show that the sequence Ser*-Xaa2-Lys, where Ser* is 

the active site serine, is conserved in all these proteins. 

Comparision of the 3D structure of the Class A 0-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 0-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 have 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 £-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 J3-lactamases. For example, with respect to the relative 

rates of acylation and deacylation at the active serine residues. 

Whereas for B. cereus 769 ^-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 (Vaxman and 

Strominger, 1983) and the acyl enzyme accumulates, as it does for a 

Class C 0-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 0-lactamase (Kelly et al., 1985). in 

addition there is also similarity between a region beyond the active 

Serine of Class C 0-lactamase and the putative corresponding regions in 

PBP 5 of E. coll and the membrane bound CPase of B. subtil is (Vaxman and 

Strominger, 1983). To confirm that CPases and Class C 0-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 0-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 homologous to the Class A 0-lactamases and if the 

homology of the CPases with the Class C 0-lactamases is confirmed , then 

the CPases, the Class A and the Class C 0-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 0-lactamases in Gram-negative bacteria 

are plasmid mediated. 0-lactamases from Gram-negative bacteria have many 

properties distinct from those of Gram-positive bacteria. Almost all are 

cell bound whether thy are mediated by R-factors or chromosomes. In 

contrast to most 0-lactamases from Gram-positive bacteria, most of the 

enzymes from Gram-negative bacteria are produced constitutively.

The rate at which the 0-lactam passes through the porin 

channels into the perisplasmic space is important in terms of whether it 

will be destroyed by 0-lactamases. If a 0-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 0-lactam is inactivated in the 

periplasm by 0-lactamase, the cell will survive. If the 0-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 0- 

lactamases are retained within the periplasmic space. The position of 

the 0-lactamase allows inactivation of incoming 0-lactam molecules 

before they bind to 0-lactam antibiotic sensitive enzymes 

(transpeptidases, CPases and endopeptidases) of cell wall synthesis. 

Since only perisplasmic 0-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 Graa-ppsi.tlvs .fi-lastanagfla
In Gram-positive 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 H-acetylmuramic acid are the site of 0-lactam 

action. Molecules of 10 kDa or less can pass through the peptidoglycan 

strands of Gram-positive 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 0-lactam compounds against most Gram- 

positive species depends primarily on their affinity for PBP at the 

target sites. The interaction of a 0-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 Gram-positive bacterium



produces 0-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 0-lactamase. One hundred 

strains isolated from soil samples and identified only as being of the 

genus Streptomyces were studied for 0-lactamase production (Ogawara, 

1975). It was found that at least three-quarters of the newly isolated 

strains produced 0-lactamase and the amounts produced in two strains 

were comparable to the enzyme levels in B. cereus 569/H and B 

licheniformls 794/C, which are amongst the highest producers. In 

contrast to 0-lactamases from other Gram-positive microorganisms, the 0- 

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 0-lactamase in similar proportions to newly 

isolated strains.

During the course of this study, the 0-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 0-lactamase have 

been established, indicating that the enzyme belongs to the class A 0- 

lactamases.



2.10 PROJECT AIMS
The aim of this project was to examine the production of 0- 

lactamase from a variety of Streptomyces strains available in the 

laboratory. Once the best producers of 0-lactamase were determined, 

enzyme production from those strains were to be studied in detail with 

the aim of purifying at least one 0-lactamase. The second half of this 

project was to attempt to clone the 0-lactamase bla gene in both E.coli 

and Streptomyces.



3 MATERIALS AMD METHODS

3.1 Materials

Most chemicals used were generally available in the laboratory and 

were of analytical grade unless otherwise stated. The chemicals were 

obtained from the following sources:

British Drug House CBDH) Ltd., England.

Fisons Pic., England.

May and Baker Ltd., England.

Sigma, Poole, Dorset, U.K.

Chemicals required for specific techniques are listed below:

Amylase assay
a-Amylase Type XI A Bacillus species Sigma, Poole,

Dorset, U.K

Potato starch Sigma, Poole

Dorset, U.K.

B-lactamase assay

Polyvinyl alcohol low molecular weight type II Sigma, Poole,

Dorset, U.K.

Mitrocefin 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

AmpholineR 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

Sigma, Poole 

Dorset, U.K. 

Aldrich chemical 

Co., Gillingham 

Dorset, U.K. 

Whatman chemical 

separation Ltd., 

England.

Sigma, Poole, 

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.

Photography 
lford film HP5 Ilford ltd.,



Ilford microphen developer

Ilford microphen fixer

Polaroid film

England 

Ilford ltd., 

England 

Ilford ltd., 

England. 

Polaroid Ltd., 

England.

Protein assay
Bio-rad protein assay dye reagent concentrate Biorad lab.,USA

Protease assays
Benzoyl-D-,L-argine-p-nitroanilide Sigma, Poole,

Dorset, U.K. 

Sigma, Poole, 

Dorset, U.K. 

Tesco stores, 

England.

Western blot
Goat anti-rabbit IgG alkaline phosphatase conjugate Sigma,

Poole,

e.Ca sinA

Skim milk (not more than 1.5 % fat)

5-Bromo-4-chloro-3-indolyl-B-phosphate

(BCIP)

Freunds incomplete adjuvant

Gelatin (ElA purity reagent)

Dorset, U.K. 

Sigma, Poole, 

Dorset, U.K. 

Cambridge Bio- 

Sciences Ltd. , 

England.

Biorad lab. USA,



Goat antirabbit IgG horseradish peroxidase conjugate Sigma,

Poole,

Dorset, U.K.

HEP colour develpoment reagent Biorad lab. USA.

(ElA purity reagent)

Hydrogen peroxide 30% Sigma, Poole,

Dorset, U.K.

Nitrocellulose membrane filters 0.2pm Schleicher and

Schuell,

W.Germany.

Tween 20 (ElA purity reagent) Biorad Ltd., USA



3.2 ANTIBIOTICS

All antibiotics were purchased from Sigma, Poole, Dorset, U.K., 

unless otherwise stated. All antibiotic1 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.l Antibiotic solutions and their stock concentrations,

ANTIBIOTIC STOCK SOLUTION FINAL CONCENTRATION 

(pg/ml)

Ampicillin (sodium salt).

Carbenicillin.

Cephaloridine.

Cephalosporin C.
IChorqmphenicol.

(in Ethanol)

Cloxacilin (sodium salt). 

Kanamycin (sulphate) 

Methicillin.

Oxacillin (sodium salt). 

Penicillin G (sodium salt) 

Tetracycline 

(in Ethanol)

Thiostrepton*

(in DMSO)

50mg/ml

lOmg/ml

lOmg/ml

lOmg/ml

lOmg/ml

lOmg/ml 

25mg/ml 

50mg/ml 

10mg/ml 

50mg/ml 

lOmg/ml

50mg/ml

500pg/ml

variable

variable

variable

10/jig/ml

variable

25jj.g/ml 

variable 

variable 

variable 

10 jig/ml

500pg/ml

♦gift from E.R. Squibb & sons ltd., U.S.A.



Genotype symbols

wet Methionine
trp Tryptophan
sup Suppressor
hsdR Host specified defence restriction
lac Lactose
gal Galactose
end Endonuclease
gyr Gyrase
pro Proline
thi Thiamine
rel Relaxed
wel Melanine
his Histidine
ura Uracil
str Streptomycin



3.3 RESTRICTION ENDQNTICLEASES

Most of the restriction endonucleases used were prepared by Dr. L.

Wallace at UCL. Otherwise the enzymes were purchased from Anglian

Biotechnology Pic.,England.

3.4 STRAINS

Table 3.2 Escherica. coli strains (all E. coll strains were
-A

derivatives of E.coli K12. )

E. coll ED8654 met trpR supEA4 supF58 hs<JR515

lacYl galY.2 galT22
%

E.coli JM107 endAl gyrA96 thi hsdRY? supEAA

reiAl X-1 A (.lac, proAB) CF' traD36 

proAB laclq ZaM15I

E.coli LE392 F~ hdsR514 supE44 supE5Q lacYl gall22 metBl

trpR55 X~

Table 3.3 List of E. coli and Streptomvcete plasmids 

E.coli plasmids;

pUC8 Amp lacZpoa (aColEl type replicon)

pBR325 Amp Tet Cam

Streptomyces plasmids;,
pIJ702 mel tsr



Table 3.4 Actinomvcete strains used in this work.

STRAIN SOURCE MARKER

Mesophiles OO^C)

S.coellcolor M130 D. Hopwood blskl urakl strAl

S.lividans TK24

S.albofaclens ATCC 25184 (ISP 5268)

S.albus G

D . Hopwood

E. Wellington

K. Chater

str- 6

S.grlseus ATCC 12475

S.lavendulae ATCC 8664 (ISP5069)

S.parvulus Norwich No. 2296

S.rimosus ATCC 10970 (ISP 5260)

S.violaceoniger ATCC 27477 (ISP 5563)

Mlcromonospora species LL17

Thermophiles (50°C>

S.thermovulgaris ATCC 19284 (ISP 544)

Tbermomonospora curvata BD3

Thermomonospora chromogena BD108

Tbermomonospora fusca BD116

S. tbermoviolaceous CUB74

E. Wellington 

E. Wellington 

K. Kendall 

E. Wellington 

E. Wellington 

A. McCarthy

E. Wellington 

A. McCarthy 

A. McCarthy 

A. McCarthy 

A. McCarthy



3,5 BUFFERS/SOLUTIONS

(1) Blrnbolm buffer

Glucose

Tris-Hcl, pH 7.5 

Sodium EDTA, pH 8 

Distilled water

Autoclaved for 20 minutes at 15 psi.

After autoclaving Lysozyme was added to a final 

2mg/ml

(2) IPX Restriction buffer C10X RB.)

IK Tris-Hcl, pH 7.5 

1M Magnesium chloride 

Distilled water 

Dispensed in 2ml aliquots 

Autoclaved for 20 minutes at 15 psi.

(3) 1QZ. Restriction, -buffer + lQQmM Ha Cl
IK Tris-HCl, pH 7.5 

lM Magnesium chloride 

5M Sodium chloride 

Distilled water 

Dispensed in 2ml aliquots

Autoclaved for 20 minutes at 15 psi

25mM 

lOroM 

to 1 litre

concentration

5ml

0.5ml

4.5ml

5 ml 

0.5ml 

2. 0ml 

2.3ml



Addresses:

Keith Chater, David Hopwood,

John Innes Institute, Colney Lane, Norwich NR4 7UH.

Alan McCarthy,

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

Dr. Elizabeth Vellington,

Department of Biological Sciences, University of Warwick, 

Coventry CV4 7AL.



(4) TE buffer

IK Tris-Hcl, pH 7.5 10ml

0.2M Sodium EDTA, pH 8 5ml

Distilled water 985ml

Autoclaved for 20 minutes at 15 psi.

When TE buffer was used with RHase, the final concentration 

of RKase was 20pg/ml. The stock Df previously boiled RKase

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

(5) IPX Tris-borate buffer (TBE)

Tris-base 108g

Boric acid 55g

Sodium EDTA 9.3g

Distilled water to 1 litre

Working solution was IX Tris-borate containing Ethidium bromide 

at a final concentration of 0.5/ig/ml

(6) Stop,..nix
For 10 ml.

Sucrose 4g

0.2H Sodium EDTA 5ml

Bromophenol blue (lmg/ml) 1ml

Distilled water 2ml

(7) Llgasg cocktail lOx

IK Tris-HCL, pH 7.5 660pl

IK Kagnesium chloride or Magnesium sulphate lOOpl

IK (3-mercaptoethanol or dithiothreitol lOOpl

0. IK Adenosine triphosphate 10pl
P'r’L.

Distilled water )S- 130pl



(8) P (Protoplast) buffer (Okanishi et al, , 1974 ; Hopwood and

Wright, 1978)

Sucrose 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 CO.5%) 1ml

Calcium chloride (3.68%) 10ml

TES buffer (5.73%, pH 7.2) 10ml

(9) Lysozyme solution

To sterile P buffer Lysozyme was added to a final concentration 

of lmg/ml.Then the solution was filter sterilised.

(10) T buffer (alternative)

Made fresh. 3 parts by volume of complete P buffer, (8 above), 

to 1 part by weight of sterile PEG 1000.

(11) SIC buffer

lM Tris-Hcl, pH 7.5 10ml

5M Sodium chloride 10ml

1M Magnesium chloride 5 ml

Distilled water 975ml

Autoclaved for 20 minutes at 15 psi.

Then added 10ml of a 10% sterile gelatin solution



(12) Phosphate buffers (Gomori, after Sarensen. 1955)

Disodium hydrogen orthophosphate(NaaHPCU)- Sodium dihydrogen 

orthophosphate (NaH^PO/i >

The buffers were made as outlined in Table 3.5 below:

TABLE 3.5 Phosphate buffers

pH. 25°C._____________ xml Q.2M- MasHPCk_____________ yml 0. 2M-MaIL-?PQ*

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) IPX M9 salts

Disodium hydrogen orthophosphate 60g

Potassium dihydrogen orthophosphate 30g

Sodium chloride 5g

Ammonium chloride lOg

Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.

(14) 1Q0X Ca/Mg stock

1M Calcium chloride 10ml

1M Magnesium sulphate 100ml

Distilled water 890ml

Autoclaved for 20 minutes at 15 psi.



(15) Stock Aery1amide solution 30% stock

Acrylamide 30g

Methylenebisacrylamide 0.8g

Distilled water to 100ml

Filtered before storing at 4°C.

(16) Running buffer pH 8..8.,
Tris-base 18.17g

10% SDS. 4ml

pH was lowered to 8.8 with Cone. Hydrochloric acid. Then

volume made to 100ml. Stored at 4°C.

(17) Stacking bufferpHJB.«JL
Tris-base 6g

10% SDS 4ml

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

volume made to 100 ml. Stored at 4°C.

(18) Tris-Glvclne reservoir buffer

Tris-base 3.lg

Glycine 14.3g

SDS lg

Distilled water to 1 litre



(19) Sample, loading buffer.
J3-mercatoethanol 5ml

10% SDS 30ml

Stacking buffer, pH 6.8 12.5ml

Glycerol 15ml

Bromophenol blue O.lg

Distilled water to 100ml

(20) Coomassle stain

Coomassie brilliant blue R 1.25g

50% aqueous Methanol 454ml

Glacial Acetic acid 46ml

Distilled water to 1 litre

(21) Coomassle destain

Methanol 50ml

Glacial Acetic acid 75ml

Distilled water 875ml

(22) Blotting buffer

Tris-base 3.1g

Glycine 14.3g

Methanol 200ml

Distilled water to 1 litre

(23) Tris-buffered saline—CIBS)
Tris-base 4.84g

Sodium chloride 58.4g

Distilled water to 2 litres

pH was adjusted to 7,5 with Cone. Hydrochloric acid.



(24) Tween 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)

Tris-buffered saline (TBS)

Vanned to 37°C. to dissolve. Cooled before use.

(26) Antibody buffer

Gelatin (EIA purity reagent)

Tween 20 wash solution (TTBS)

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

(27) First 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, 6.5pl in 100ml buffer.

2g

200ml

3g
100ml



(29) Alkaline phosphatase buffer ..CAP bufferl

Tris-HCl, pH 9.5 lOOmM

Sodium chloride lOOmM

Magnesium chloride 5mM

Distilled water 17.5ml

(30) Alkaline phosphate colour developer

Hitro-blue tetrazolium (JTBT)

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

Alkaline phosphate buffer

(31) AP stopping buffer
Tris-HCl, pH 8.0 

Sodium EDTA 

Distilled water

(32) Horseradish peroxidase colour developer (HEP)

(a) HEP colour development reagent 60mg

Ice cold Methanol 20ml

Made 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.

20mM 

5mM 

to 100ml

132jil

66pl

20ml



(33) Amido-black buffer

Amido-black 0.125g

Glacial Acetic acid 5ml

Propan-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.Og

Sodium sulphate 100.Og
eMade upto 500ml with distilled water. Filterd through Vhatman 1

Reagent 2 

Copper sulphate

Distilled water + 1 drop sulphuric acid 

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,Z,C for 16 hours prior to use.

7.5g

50ml



Reagent 4 

lml reagent 2 + 25ml reagent 1.

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

Iodine

Potassium iodide 

Distilled water 

Used 1:100 dilution (in distilled water)

(37) Solutions for 8-lactamase assay

(a)Penicillin G

In 0. 1M Phosphate buffer, pH 5.8

(b)Iodine 

Potassium iodide

2M sodium acetate, pH 4

(38) Isoelectric focusing (IEF) buffers

(a)Fixing solution 

Trichloroacetic acid 

Sulphosalicylic acid 

Distilled water

(b)Destaining solution 

Absolute alcohol 

Glacial acetic acid

Diluted to 2L with distilled water

(c)Staining solution 

Coomassle Blue F 250 

Destaining solution

Filtered. Preheated to 60°C for 10 minutes 

not reuse.

5g

10g

to 100ml

2.5mg/ml

4. 2g 

20. Og 

1 litre

57. 5g 

17.25g 

500ml

500ml

160ml

0. 46g 

400ml 

prior to use.



(d)Preserving solution 

Glycerol 40ml

Destaining solution to 400ml



3.6 MEDIA

(1) Nutrient broth CUB)

Nutrient broth No. 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 nutrient agar

Both of these media were made up like nutrient broth and 

nutrient agar. Except that only half the amount of nutrient 

broth was used, and for the agar also half the amount of 

Bacto-agar was used.

(4) L-broth

Tryptone lOg

Yeast extract 5g

Sodium chloride lOg

Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.

(5) Malt 2...;mediuin
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.
Malt 3 medium plus 20g Bacto-agar.

(8) Tryptone 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

Malt extract 3g

Glucose lOg

Distilled water to 1 litre

Autoclaved for 20 minutes at 15 psi.

HUTE: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 M) 2ml/litre

Glycine (20%) 25ml/litre

(10) Top agar

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

microwave. Dispensed in 18ml aliquots before autoclaving.



(11) Soft nutrient agar

Vi 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 lOg

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%) 1ml

Calcium chloride (3.68%) 8ml

L-Proline (20%) 1.5ml

TES buffer (5.73% adjusted to pH 7.2) 10ml

Sodium hydroxide (IN) 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 lOg

Yeast extract 5g

TES buffer 5g

Distilled water to 1 litre

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

of the solution added.

Autoclaved for 20 minutes at 15 psi.

After autoclaving, the following sterile solutions were added to 

each bottle:

Potassium hydrogen orthophosphate (0.5%) 1 ml

Calcium chloride (5M) 0.4ml

L-Proline (20%) 1.5ml

Sodium hydroxide (IN) 0.7ml

(14) Minimal Medium
Glucose

Distilled water 890ml

Autoclaved for 20 minutes at 15 psi.

After autoclaving the following sterile solutions were added: 

10X M9 salts 100ml

Calcium/Magnesium salts 100X 10ml

(15) Minimal agar
Minimal medium plus 15g of Bacto-agar.



3.7 METHODS,

3.7.1 Maintenance of cultures

All E.coli strains except JM107 were maintained on NA plates. For those 

that contained a plasmid, the appropriate antibiotic was also included in 

the agar. The JM107 strain was maintained on minimal agar supplemented with 

Vitamin B1 (2pg/ml). All Actlnomycetes were grown on M A  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 loop, 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 DMA

10ml or more of culture was grown in 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 lmg/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 lmg/ml and RNase at 500pg/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 5M sodium

chloride, 10ml of absolute alcohol was added. The two layers were not mixed 

but the DMA, 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 

emulsion. 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 D M  preparation,
200-500ml 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 battles 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 absolute 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 lg for every ml of E.coll DNA solution and l.lg/ml for 

Streptomyces. When the caesium chloride was dissolved, 0.2 ml ethidium 

bromide (10 mg/ml) was added and the DNA solution 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 light <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 5M 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 in a microfuge for 5 minutes, the supernatant was 

discarded and the pellet resuspended in lOOpl Birnboim buffer, 200pl 

alkaline SDS was added, mixed, and left on ice for 5 minutes, after which 

150pl 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 IOOjjlI TE buffer. 1/10 volume 4M sodium acetate and 2 

volumes absolute alcohol was added, mixed and left 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 lOOpl TE buffer and stared at - 

20°C.

3.7.5 Endonuclease digestion.,of..DNA iI 10 units/pl
To a microfuge tube , lpl of restriction enzymeAwas added followed by 2pl 

of lOx restriction enzyme buffer and finally 20/il 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 5pl stop mix.

NOTE: with the exception of the enzyme Smal which required a different

restriction buffer, the restriction digests were carried out in lOx RE 

buffer with no salt. If 'star' activity was observed, then addition of 

NaCl to a final concentration of lOOmM to the digests was found to inhibit 

'star1 activity.

3.7.6 Ligation
T* 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 Df the DNA, the restriction enzyme was 

heat-inactivated at 70°C for 10 minutes. However, enzymes such as Bell 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 

sodium acetate and 2 volumes absolute alcohol. For large volumes, absolute 

alcohol was replaced with 0.6 volume propan-2-ol. The mixture was stared 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 50°C oven 

then resuspended in TE buffer. An aliquot of the DNA was removed and stop 

mix added. To the remainder of the DNA, lOx ligase cocktail and T* 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 lx TBE buffer containing ethidium bromide 

(0.5jig/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 lx 

TBE plus ethidium bromide. Molecular weight markers prepared by digesting X 

DNA with the restriction endonucleases Hindlll or Pstl were also run in 

parallel. Electrophoresis was carried out at 150V for about 3 hours or 

overnight at 25V. The electrophoresed DNA was visualised on an ultraviolet 

transilluminator.

3.7.8 Preparation of competent cells from E.coli strains ED8654 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-



rolii 10rriH n.*» 1 c 1 ujp chloride CCaCl:) then a further 40ral of CaCl* was added 

before 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 Transformation 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 an 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 Streptonyces 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 J3- 

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/l>. 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 20mM 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 20mlt Tris- 

HC1, pH 7.5. was carried out. The enzyme was stored at -70°C.

3.7.12 PURIFICATION OF EXTRACELLULAR ENZYME 

(A)Column preparation

The anionic ion exchange matrix DBAE 52 (DE52) 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- 

HC1, pH 7.5 at a flow rate of 30ml per hour.

(B) SAMPLE PREP AS AT I Qlf.. M D  LOADING
The crude extra-cellular enzyme was dialysed against 20mM Tris-HCl, pH

7.5, at room temperature for 1 hour, to remove the glycerol in which the

enzyme was stared. A small aliquot of the dialysed enzyme was stored as a 

control 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 

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

(C) ELUTIQN

Once the sample had been loaded, the column was immediately washed

with 20mM Tris-HCl, 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 Aseo of the eluate was zero.



In a gradient former, a salt gradient of 0-0.5M NaCl in 20mM Tris-HCl, 

pH 7.5 was set up and the enzyme eluted at a rate of 30 ml/hour in

fractions of - 3ml The A2&0 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 ml fractions were collected until the Ax&o was zero.

Aliquots of the fractions plus the "wash" and "run through" were 

assayed for j3-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 AFFINITY COLUMN (Cartwright and Valey, 1984)

After passage through the DE52 column, the semi-purified ^-lactamase was

then passed through an affinity column.

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 (KHCOa) containing 2g of m-aminophenyl 

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 KHCOa.

(c)The sepharose was made into a column and washed successively with 

1M NaCl/0.05M sorbitol, pH 7.0 (200ml); 0.5M 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 anl, loading
The enzyme was dialysed against 20mM triethanolamine 

hydrochloride/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 Aa©o was zero. The J3-lactamase was then eluted with 0.5M 

borate/0.51t 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-polvacrylamide 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 zone 

electrophoresis 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 carried out at 33mA far about 4-5 hours or if run 

overnight, at 7mA (for ^ 16 hours), until the dye front was = 1cm 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:

(i)Coomassie stain.

(ii)Silver stain.



3.7.15 Cpqaasals 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

coomassie 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 a-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 Silver staining (Johansson and SkDog, 1987)

This method had a detection limit of lOng and was performed in daylight. 

The resolving gel was fixed in an acetic acid-methanol-water mixture 

(1:4:5) for 30 minutes. 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 gel in developer for between 2-5 

minutes. (Developer: 200pl formaldehyde together with 50jul 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 WESTERN BLQTS (Towbin et al., 1979)

After running an SDS-protein gel, the entire gel or part of the gel was 

blotted onto nitrocellolose (0.2jjm filters). In most cases, if only a 

portion of 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 lOOmAmps 

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 stared between two

sheets of Whatman 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 of second antibodies were used:



(a)Goat antirabbit IgG horseradish peroxidase conjugate.

(b)Goat antirabbit IgG alkaline phosphatase conjugate.

(a)For the horseradish peroxidase, the membrane was left in the second 

antibody for 1 hour. The membrane was then washed twice in TTBS for 10 

minutes each time followed by a 10 minute wash in TBS. Colour development

was then carried out using the HEP 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)Vith 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 

developer 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 AMIDQ 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),

far 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.

^-lactamase activity was detected using an adapted method of 

Tai et al.(1985). 17# starch and 27# agarose was dissolved by heating in 20mM 

Tris-HCl pH 7.5. When the starch solution was hand-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 370C. for 

between 5-15 hours. The zymogram was developed 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 C0.25M 1 ,̂ 0.51t HaCl in 1.25H 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 ImM 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 SDS-PAGE with Triton X-100 (Deane et al., 1987) 

When isopropanol was used as described above, detection of ^-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 2.57# 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 resolving gel was washed twice for 15 minutes each time in 20mJf Tris- 

HCL, pH 7. Detection of both ^-lactamase and amylase was then carried out 

as described above.

3.7.20 ISOELECTRIC EOCUSIEC (IEF; LKE instruction manual 1804

Using pre-prepared ampholine Pag plates (LKE), which were polyacrylamide

gels 24-5;:ll 0:-:l nrra 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 

Df filter paper, the same length as the gel (Whatman number 1), soaked with 

the chromogenic compound Uitrocefin <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 <pl 3.6), Trypsin inhibitor

(pi 4.6), J3-lactoglobulin A (pi 5.1), Carbonic anhydrase II (pi 5.9), 

Myoglobin (pi 7.2), L-lactic dehydrogenase (pi 8.6) and Trypsinogen (pi 

9.3). Using results from the IEF markers, a standard curve was plotted and 

the pi of the samples estimated. The gels were stared in sealed plastic 

bags with 10-20ml of preserving solution.

3.7.21 RAISING AITTISEP.A

Semi-purified J3-lactamase was used to raise anti-sera in rabbit
O

Equal volumes of adjuvant (0.5ml) and antigen were vigrously mixed together 

until a stable emulsion was formed and injected subcutaneously into a 

rabbit. After a week a boaster 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 left 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“1 . 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 a-proteins 

including haptoglobin and haemoglobin (Harboe and Ingild, 1973).

The final white pellet was dissolved in lOmM sodium dihydrogen 

phosphate (ITaH^PO^), pH 7.0 and dialysed overnight against disilled water. 

Precipitated lipoproteins were removed by centrifugation at 10,000xg for 10 

minutes. The supernatant was dialysed against lOmlf HaH^PCU buffer, pH 8.0. 

The dialysed material was aliquDted into microfuge tubes and incubated at 

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

3.7,22 DOT BLOT (Hawkes et al. , 1982)

To determine the appropriate dilution of the first antibody and to 

ascertain whether all the E.coll antibodies had been cross-adsorbed, dot 

blots were carried out. The procedure was essentially similar to the 

Western blots. 10- 20jjl1 of crude extracellular enzyme, was spotted in

duplicate onto pencil labelled and TBS moistened nitrocellulose membrane 

strips. In addition, lysed extracts of XL47 (prepared by adding lOOjil of 

XL47 to 100/il of an E.coll host ED8654. After adsorption at 37°C for 20 

minutes, the mixture was transferred to 5ml nutrient broth and incubated 

overnight at 37°C. lOOpl of chloroform was then added and after a further 

10 minutes at 37°C. , the lysed culture was spun and the supernatent

retained), was also spotted 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 

developer.



(b)Working 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 

XL47. to overcome this, an equal volume of an E.coll XL47 lysate was added 

to a fresh first antibody solution and the mixture was left at 4°C 

overnight then spun at 6000xg far 10 minutes. The supernatant was tested, 

as described in section 3.7.21 for dot blots, to determine whether the 

E.coll antigens had been adsorbed.

3.7.24 PLATING OUT A GENE BANK

A complete gene bank of S. albofaclens in XL47 was prepared by Dr J.Ward. 

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.coll host ED8654 or LE392 grown to an absorbance 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 O  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 gene 

bank determined.

3.7.25 SCREEfflffG-QE...THE GfflfE BANK
An appropriate dilution, in SM, of the library of recombinants was plated

rout so that for a 9cm pe. ti dish ^ 250-300 plaques were obtained. For ease 

in handling 6-8 plates were prepared. The 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 Whatman 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 Whatman 3MM 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 Western 

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

3.7.26 PICKING PLAQUES

After screening the bacteriophage library, 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. lOpl of each recombinant in SM buffer, 

was spotted onto agar plates overlayed with 3ml of soft agar seeded with 

200pl of the bacterial host. In addition to the potential positive 

recombinants, XL47 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 37c,C for 12-16 hours. The plaques were then rescreened as described 

previously C3.7.25).

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 0.37# was 

added and the universal bottle was stared at 4°C.

3.7.28 WESTERN BLOTTING QF THE PHAGE RECOMBINAMTS

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 

0.1ml 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.



lOOpl of the thawed samples was mixed with 50pl of SDS-sample buffer and 

bailed far 3 minutes. As controls E.coll lysed by XL47 and crude 

extracellular enzyme was similarly 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 

liquid 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 QF PHAGE RECOMBINANT DMA

Phage recombinant DNA was extracted essentially as described by 

Maniatis et al. C1982). 200-500ml of Oxoid Brain heart infusion (BHI) was 

used for large scale preparations and for the small-scale preparations upjto 

200ml of BHI was used.



3.8 ASSAYS,

3.8.1. Liquid assay?

3.8.1 Amylase assay (Nelson, 1944)

Amylase activity was measured using a modified version of the 

Nelson-Somogyi assay.

500pl of a 1% potato starch solution in distilled water was incubated at 

37°C for 1 hour with 500pl of various concentrations of B. cereus amylase 

(10-10,000 pg/ml). At the end of the incubation period, 100pl of the above 

mix was added to 900pl of distilled water in a test tube. 1ml 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 concentrations 

(20-2000jig/ml) were prepared. The method outlined above was followed, and 

a standard curve of maltose concentration against Asoo 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 lmg 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 0.1M 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 control 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 

against 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 j3-lactamase activity defined as jimol penicillin G degraded h”1 ml ~1, 

was calculated as follows:

E1TZY1CE ACTIVITY = Titration difference x 60 x 1 x S

t V

t=incubation period minutes 

V=volume of enzyme assayed ml

S=stoichiometrie factor which = 2 for penicillin G

Occasionally, and especially when induction studies were carried out, an 

additional control was included in the J3-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 ^-lactamase on the j3-lactam 

compounds that were used as inducers, was present.



3.6.2.2 Spectrophotometrlc assay of B-lactamase using Nitrocefin

This method was not routinely used to determine 0-lactamase activity 

due to the cost of the substrate and also 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; lmM Ha^EDTA). Spectrophotometrlc assays for 

0-lactamase were carried by measuring changes in wavelength at 486nm. 1 unit 

Df 0-lactamase activity was defined as the amount of enzyme hydrolysing 

l;imol of substrate/hour/ml.

3.8.3 Rapid detection of S~lactamase
The chromogenic compound Nitrocefin was used as a rapid way of

detecting 0-lactamase in liquid and on agar plates. 10pl of a 500pg/ml 

Nitrocefin solution was added to lOOpl of sample in a micro-titre tray. The 

two solutions were mixed and the time taken for the Nitrocefin to change 

from yellow tD red v/as noted. The control was the buffer in which the

ssmrle was prepared.

For detection of bacterial 0-lactamase on plates, the Nitrocefin was 

spotted onto 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 Pro-tease assay (Geiger and Fritz, 1984)

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

using benzoyl-D-,L-arginine-p-nitroanilide (BAplTA):

trypsin

BAplTA + K s ---------- > benzoyl-L-arginine + p-nitroaniline

BAplTA (4mM in dimethyl sulphoxide (DMSOJ), 20mM Tris-HCl, 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 BAplTA, 0.4ml buffer and 0.05ml sample were well mixed in a cuvette. 

The increase in absorbance at 405nm, 30°C was measured against a blank

containing no sample, in a Perkin-Elmer dual beam spectrophotometer 

attached to chart recorder (e=10,200 M"1 cm-1 for p-nitroaniline).

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

catalyse the hydrolysis of 1/jmol of substrate/ml.

EHZYME ACTIVITY 

(pmol/hour/ml)

Change in x Volume in x

absorbance

iabs/aln)

10,200

guyette

1000

sample 

volume

x 60 x 10e

SL5. x 60 x 10e

10,200 1000 0.5

58.82 hA



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 20mX 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 LugDl'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 (pinoles/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 to be divided by 3 to account for the

difference in incubation times.



Figure 3. 1 The photograph shows amylase activity on 17, potato starch agar 

plates. The wells contained amylase pg/ml (in sterile water), clockwise 

from the top well 1, 10, 100, 1000, 10,000 pg/ml. The centre well was the

control and contained sterile water.

Figure 3.2 (on facing page). Standard curve relating Ln amylase activity 

to zone sizes obtained from plate assays.
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3.9.2 Frotease 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..(PYA) for B-lactamase (Sherratt and Collins,

1973)

A different type of plate assay was used to detect J3-lactamase production. 

0.75% polyvinyl alcohol (PVA) was incoorporated into the solid medium (HJTA, 

modified 52YE). 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

0.166H iodine/ 0.32M potassium iodide solution in 1% sodium tetraborate 

for - 1 minute. The iodine reacts with PVA to form a blue complex. The J3- 

lactam ring of penicillin G is hydrolysed by any J3-lactamase present,7 

resulting in the production of stoichometric proportions of the penicilloic 

acid. This acid removes iodine from the I^/PVA complex leaving a clear 

zone.



Figure 3.3 The photograph shows proteolytic activity of bovine trypsin on 

1% skim-milk agar plates. The concentration of bovine trypsin (pg/ml) used 

were:

(1) 10 (2) 100 (3) 500 (4) 1,000 <5> 5,000 <6> 10,000 (7)50,000

(8) 100,000

Figure 3.4 (on facing page). Standard curve relating Ln protease activity 

to zone sizes obtained from plate assays.
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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 0-lactamase (Ogawara, 1981). 

Considering that many 0-lactam antibiotics and 0-lactamase inhibitors 

are also produced by streptomycetes, interest on the subject of 

Streptomyces 0-lactamase has developed in an attempt to discover how 

these three substances interact with each other in this species.

In this laboratory, 0-lactamase was selected for investigation

for two main reasons. This enzyme was not present in the laboratory

strain S. livldans TK 24 (see section 4.1 and 4.2 and Jaurin et al.,

1988), which would greatly facilitate the expression and analysis of the

enzyme. Secondly, this was an enzyme that was secreted into the
m

external media which helped greatly^its detection and extraction .

The work in this section describes the screening for 0- 

lactamase of fifteen strains available in the laboratory. The strains 

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 0-lactamase from bacteria. Initially, the 

majority of these methods were devised for screening of 0-lactamase 

producing Staphylococci because of the clinical significance of this 

enzyme in the Staphylococcij but more recently these methods have been 

applied to the detection of 0-lactamase production in other Gram- 

positive and Gram-negative organisms.



The methods are based on the changes that take place following 

the hydrolysis of the 0-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 microbiological assay technique.

(c) electron shift in certain chromogenic cephalosporins which give 

rise to the formation of coloured products.

4.1 SCREENING Streptomyces STRAINS FOR B-LACTAMASE.

4.1.1 Screening on Polyvinyl alcohol

The 16 strains were grown on teNA plates containing 0.75 % 

polyvinyl alcohol (PVA). The plates were incubated at the appropriate 

temperature (Table 4.1), until sporulation had occurred and 0-lactamase 

activity was detected as described in section 3.9.3. The iodine reacts 

with PVA to form a blue complex. The 0-lactam ring of penicillin G is 

hydrolysed by any 0-lactamase present, resulting in the production of 

etoichometric 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 B-LACTAMASE ACTIVITY USING PVA OR NITROCEFIN,

1 1 
1 STRAIN 1

Zones on 
0.75% PVA

1 Time for colour change 1 
1 NITROCEFIN 25pg/ml 1

1 30°C
| | 1

( |! 1 

1 S. al bus 1
I |

0. 2cm
! 1
1 10 minutes i 
| 1I 1

1 S, griseus f
i 1

< 0.2cm
1 1 
1 20 minutes 1
I i1 1 

1 S. parvul us I
i i

< 0.2cm
I 1
1 20 minutes 1
i iI i

1 S. lavendulae 1
I 1

no zone
l I

1 30 minutes 1 | 11 1 
1 Micromonospora species LL17 1 no zone

1 1 

1 no colour change 1
1 ------- ” -- ~ “ “
1 37°Ci i

1
1 11 I

IS. albofaciens 1
I | 0. 7cm

1 1 

1 < 5 minutes 1
1 I1 I

1 S. rimosus 1 | 1
0. 5cm

1 1 
1 < 5 minutes 1
I |1 1

1 S. lividans TK24 1 
1 |

no zone
1 1

1 no colour change 1 
1 11 1

1 S. coellcolor M130 1 
1 |

faint zone
1 1 
1 30 minutes 1
I 1I r

1 S.violaceoniger 1 0. 6cm
1 1 
1 5 minutes 1

1Thermophiles (50°C> 
1

1
11

1 S. thermovulgaris 1
i I

< 0.2cm 1 20 minutes 1
1 i1 1 

1 Thermomonospora curvata BD3 1
i I

< 0.2cm
I I
1 20 minutes 1
1 1I 1

1 Thermomonospora chromogena BD108I
I 1

< 0.2cm
1 1 
i 20 minutes 1
1 |1 » 

1 Thermomonospora fusca BD116 1
i l

< 0.2cm 1 20 minutes 1
l i1 1 

1 S. thermoviolaceous CUB74 1 
1 1

no zone
1 i
1 no colour change 1
1 1

4 strains S.albus, S. albofaciens, S. rimosus and S. 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 jl-lactamase activity by plate assay. 

The streptomycete strains were grown on M A  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 j3-lactamase activity were measured. The photographs 

below and on the fallowing pages, show ^-lactamase activity by S. 

albofaclens, S. rimosus, S. violaceoniger and S. albus.



Figure 4.1(a). S. albofaciens. Zone size on PVA agar plates 0.7cm

Figure 4.1(b). S. rimosus. Zone size on PVA agar plates 0.5 cm.



Figure 4.1(c). S. violaceonlger. Zone size on PVA agar plates 0.6cm

Figure 4.1(d) S. albus. Zone size on PVA agar plates 0.2cm.



4,1,2 SCREENING WITH JTITROCEFIIT

The 15 strains were also screened with JTitrocefin, This is a 

chromogenic cephalosporin derivative (O' Callaghan et al., 1972), which 

is extremely sensitive to the action of the majority of ^-lactamases 

produced by Gram-positive and Gram-negative bacteria. In the presence of 

p-lactamase, hydrolysis of the ^-lactam ring results in the formation 

of a red colour.

The JTitrocefin <500pg/ml) was diluted to 25/ig/ml with 0. ImM 

JTa2EDTA in 0.1M sodium phosphate pH 6.0, then placed onto the 

streptomycetes and actinomycete strains grown on J6ITA. The time taken for 

the straw coloured JTitrocefin to turn red was noted. Strains that were 

good producers of ^-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 

M A  with various concentrations of Ampicillin (Amp). The results are 

shown in Table 4.2.

Table 4.2 Sensitivity to Ampicillin.

STRAIN Amp CONCENTRATION pg/ml

10 50 100 : 250 500
S. al bus + + + : + no growth size of colonies

decreased with
increasing CAmp]

S. grlseus + + + : + no growth

S. parvul us + + + : + no growth

S. lavendulae + no growth

LL 17 i10 growth

S.albofaclens + + + : + no growth no difference in
colony size

S.rimosus + + + : + no growth no difference in
colony size

S. 11vldans TK24 + + + ; no jgrowth

S. coelicolor + no growt]ti

S. vlolaceonlger + + + : + no growth no difference in
colony size

S. thermovulgaris + + + : + no growth

BD 3 no growth

BD 108 

BD 116 

CUB 74

no growth 

no growth

no growth size of colonies 
decreases with CAmp]

+ denotes growth at a particular Amp concentration.



It is interesting to note that some of the strains that were 

found to be non 0-lactamase producers according to the results in Table

3.1 are able to grow on ampicillin concentrations similar to 0-lactamase 

producers. For example, S, albofaclenst on PVA plates produced 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 250pg/ml. 

Similar results on PVA plates and with Nitrocefin, were seen for 

S.grlseus, S. parvulus and yet again, these strains were able to 

withstand Amp concentrations of upto 250pg/ml. S. albus also produced 

zones that were 3.5 times smaller than that of S. albofaciens, but with 

Nitrocefin produced a fairly rapid response. The colour change for S. 

albus occurred at least twice as fast as S.grlseus, S. parvulus or S. 

thermovulgaris but its growth pattern on Amp was similar to these three 

microorganisms.

These results indicate that resistance to 0-lactam antibiotics 
cannot always be attributed to the action of the enzyme 0-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 0- 

lactamase. Ujj to the start of the work described in this thesis, detailedI
studies on the properties and purification of Streptomyces 0-lactamases, 

had not been reported. During the course of this work, Dehottay et 

al.(1986), reported the cloning and sequencing of the 0-lactamase from 

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

4.2 PRODUCTION QF B-LACTAMASE IN LIQUID.

Like the screening methods, a large number of quantitative 

assay techniques have been used for 0-lactamase because no one technique 

has proved ideal for all situations. Whatever the preparation of the 

enzyme or the purpose of the assay, the concentration of 0-lactamase was 

estimated primarily from its effect on a known concentration of 0- 

lactam substrates. Methods for assaying 0-lactamase can be divided into 

two main groups. In one the concentration of unchanged substrate 

remaining is measured; in the other, the assay determines the 

concentration of breakdown products.

For a good general assay the iodometric 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 

0-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 EFFECT OF GLYCIUE

Some strains of Streptomyces require glycine for growth 

(Hopwood et al. , 1985). Since the strains were able to grow and produce 

^-lactamase in MB, it would appear that there was sufficient glycine in 

this medium to sustain growth of these Streptomyces. The effectAadding 

more glycine to the growth medium was thus investigated to see if this 

would result in an enhanced production of 0-lactamase. Standardised 

spore inoculums of each of the 3 strains was added to M B  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 0-lactamase as previously described. The results 

for S. albofaciens are shown in Figures 4.2.

The addition of . glycine does not appear to increase 0- 

lactamase activity significantly. The trend seen with S.albofaciens was 

also reflected in the assay carried out on S. rlmosus and S. violaceoniger 

(data not shown).



Figure 4.2 The effect of suplementing glycine to the growth medium of 

S. albofaciens. 10ml aliquots of M B  cultures, containing 0%, 0.75%, 1% 

and 1.5% glycine, were assayed for 0-lactamase using the macro- 

iodometric tech nique. So significant increase in enzyme activity was 

detected.
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4.2,2 INDUCTION OF 0-LACTAMASE

Many 0-lactamases from Gram-positive bacteria can be induced 

by the addition of penicillin <Ozer et al. , 1970; Sachilhanandam et al.t

1974). The effect of adding penicillin G or ampicillin to the 3 strains, 

growing in liquid, was monitored.

Each strain was grown in 400ml M B  and after 16 hours of

growth 10 ml aliquots were removed at regular intervals and assayed for

0-lactamase. 20 hours after inoculation, 100ml of the cultures was 

aseptically transferred into sterile flasks and penicillin G or 

ampicillin (100pg/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 0-lactam antibiotic were then 

sampled and assayed for 0-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. vlolaceonlger there was no significant 

increase in 0-lactamase production upon addition of a 0-lactam

antibiotic. These results, are in keeping with the findings of other 

workers where the production of 0-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 0-lactamase from S. cacao1 

can be induced by a 0-lactam compound- 6-amino penicilloic acid (6-APA). 

In liquid cultures, a 50- fold increase in 0-lactamase expression was 

observed within the first three hours after the addition of 6-APA.
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Figure 4.3(b). The induction of ^-lactamase activity in S. rimosus. 16 

hour M B  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 (lOOpg/ml) was then added 

to one of the flasks The two cultures together with the uninduced 

control were assayed further,

<->) signifies time point at which antibiotic was added to the culture.
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Figure 4.3(c), The induction of fl-lactamase activity in S. 

vlolaceoniger, 16 hour %!TB 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 

(lOOjig/ml) 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 £-lactam antibiotics did not 

lead to an increase in levels of extracellular )3-lactamase, the aim of 

this study was to look at the production of 0-lactamase by the three 

microorganisms in various liquid media. A spore preparation of each 

strain was inoculated into a number of different media MB, TSB, Malt 

and YEME and grown at 37°C. After an appropriate period of growth, 20ml 

samples were removed and assayed. The culture, that is, 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 in Figures 4.4 (a)-4.4 (c), In addition at the peak of 0- 

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 0-lactamase 

activity, to determine if the enzyme was cell-bound. No 0-lactamase 

activity was detected in these samples.



Figure 4.4(a). The effect of different media on 0-lactamase production, 

S. albofaciens was grown in a variety of liquid media M B ,  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 0-lactamase activity.

Figure 4.4a(i) shows the 0-lactamase activity measured in M B ,  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 0-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 effect of different media on ^-lactamase production, 

S. rimosus was grown in a variety of liquid media M B ,  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 ^-lactamase activity.

Figure 4.4b(i> shows the ^-lactamase activity measured in M B ,  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 J3-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 ^-lactamase production. 

S, violaceoniger was grown in a variety of liquid media M B ,  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 ^-lactamase activity.

Figure 4.4c(i) shows the 0-lactamase activity measured in M B ,  TSB and 

Malt. The results show activity measured in the dialysed samples. Very 

little activity was detected in the supernatant prior to dialysis,

Figure 4.4c(ii) shows 0-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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Far MB, TSB and Malt hardly any lactamase was detected in 

the extracellular fluid. With the Malt medium, growth of all 3 organisms 

was very poor and very little if any ^-lactamase was detected. With the 

exception of YEME, the Streptomyces grew as large pellets whereas for 

YEME the growth was more dispersed. The best yields of ^-lactamase was 

obtained with YEME for both S. albofaciens and S. rimosus and activity was 

detected in the filtered broth. For S. violaceonlger, there was hardly 

any difference in ^-lactamase activity when TSB or YEME was used. 

S. albofaciens appeared to secrete the most ^-lactamase in YEME followed 

by S. rimosus and S. violaceoniger.

4.3 DISCUSSIfflL
From these studies, 3 Streptomyces strains S. albofaciens,

S. rimosus and S. violaceoniger, were found to produce significant levels

of ^-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 S. albofaciens, S. rimosus and

S, violaceoniger. YEME proved to be the best medium for the production

of ^-lactamase with S. albofaciens producing the most extracellular

enzyme in the broth.

p-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 j3-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



example, the ot-amylase inhibitor Faim, from S. corcharushii (Arai et 

al. , 1983; Murai et al. , 1985) is 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 0-lactamase. This was important because S. lividans is a 

good host for cloning.



5 TIME COURSE STUDIES

The growth of the three microorganisms S. albofaciens, S, 

rimosus and S. violaceoniger was followed more closely primarily to 

determine at what point in the life cycle 0-lactamse was produced.
A

Secondly the production of other enzymes namely amylases amd proteases

was also monitored. In addition, the growth pattern in terms of dry

cel1-weight was also determined.

The microorganisms were all grown in YEME at 37°C. and at 

various times, samples of the culture were withdrawn and analysed. For 

S. albofaciens, the time course studies were carried out by two methods. 

Initially 1L of S. albofaciens was grown in a 3L flask (to provide good 

aeration), and duplicate 20ml aliquots of culture were removed at 

various time points centrifuged and analysed separately. 15ml of each 

supernatant was saturated with ammonium sulphate (3.1.11), centrifuged 

and resuspended in 0.5ml of 20mM Tris-HCl pH 7.5. It was necessary to 

concentrate the supernatant because the levels of J3-lactamase present 

was low and detection with the macro-iodometric assay would have

required a considerable volume of the supernatant. The rationale for

the duplicate sampling was to determine if any pipetting errors would 

contribute to discrepancies in the results. It was found that the £- 

lactamase activity measured for each pair of time points fell below a 6% 

error margin and most of the results had an error of ± 4%. Though the 

results from this method were satisfactory, the amount of material 

available was not sufficient to be able to carry out all of the various 

enzyme and protein assays.

In the second method, 3L of culture was grown in duplicate 

in 5L flasks and 200ml were removed centrifuged and precipitated with 

ammonium sulphate at the various time points and assayed. The latter



method was adopted for the time courses of S, rimosus and S, 

violaceoniger. The results were the average of three separate time 

course experiments for S. albofaciens and two separate experiments for 

both S, rimosus and S. violaceoniger.

5.1.1 MEASUREMENT OF DRY CELL-WEIGHT (DCV)

The samples were all treated in the same way. To determine the 

dry cell-weight, the 200ml samples were filtered through preweighed 

prefilters (0.45pm) which were then dried for two hours at 50°C. 

Previous studies (results not shown) demonstrated that 2 hours at 50°C 

was adequate and no further weight change was noticed even after 

overnight incubation of the filters. The dried filters were then 

reweighed and the dry cell-weight calculated. The results are shown in 

Figures 5.1(a), 5.2(a) and 5.3(a) for S. albofaciens, S. rimosus and S. 

violaceoniger respectively. The dry cell weight between the three 

strains varied considerably with time,

5.1.2. ASSAY OF PROTEIN CONCENTRATION

The filtrate from the DCV experiment was collected and 

concentrated to 80% saturation with ammonium sulphate (see section 

3.1.11). The protein concentration was measured using the Bradford assay 

as described previously (3.8.4). The values of protein concentration

was then used to determine the specific activity for each of the enzymes

assayed. Figures 5.1(b), 5.2(b) and 5.3(b) show how extracellular

protein concentration varied with time. The overall trend for the three

strains showed an increase in protein except for S. violaceoniger which 

showed a decrease after 96 hours of growth.



5,1.3. 8-LACTAMASE ACTIVITY

Aliquots of the enzyme prepared in 5.1.2, were assayed for 8~ 

lactamase as described previously (3.8.2). The results are shown in 

Figures 5.1(c), 5.2(c) and 5.3(c). All three strains showed the same

general trend of producing 8-lactamase early in the life-cycle. S, 

albofaciens produced the most ^“lactamase * 43.23 pmol of penicillin G 

degraded/h/pg of protein compared to 37 and 21 pmol penicillin G 

degraded/h/pg of protein for S. rlmosus and S. vlolaceoniger 

respectively, at the peak of their activity.

5.1.4 PROTEASE ACTIVITY

Protease activity was determined using skimmed milk as the 

substrate (section 3.9.2). 50pl of the enzyme was placed into wells in 

an agar plate and left for 15 hours at 37°C. Using the standard curve 

obtained for protease activity (Figure 3,4). The results are shown in 

Figures 5.1(d), 5.2(d) and 5.3(d). For all three strains, protease

activity peaked much later in the life-cycle compared to 8-lactamase 

activity. Although protease activity was not completely absent during 8“ 

lactamase production, the low levels of protease meant that the 8“ 

lactamase was not subject to extensive proteolytic degradation. After 

112 hours of incubation, protease activity in S. rlmosus and S, 

vlolaceoniger cultures was approximately 70 times greater than S. 

albofaciens,

5.1.5 AMYLASE ACTIVITY

Amylase activity was determined using potato starch as the 

substrate in bacto-agar plates (section 3.9.1). 50pl of the enzyme was 

placed into wells and left for 15 hours at 37° C. Using the standard 

curve described in the Methods Section (Figure 3.2), the specific 

amylase activity was calculated. The results are shown in Figures



5.1(d), 5.2(d) and 5.3(d). As demonstrated for protease activity,

amylase production was greatest during the stationary phase, Similarly 

S. rlmosus and S. vlolaceoniger displayed at least 40 times more amylase 

activity than S. albofaciens. In all three cases, the amylase activity 

did not reach a peak even after 112 hours of growth.



Figure 5.1 Time course experiments on S. albofaciens.

The results show protein measurements of the ammonium sulphate 

concentrated samples, dry cell weight (DCV). Specific enzyme activities 

- 8-lactamase, amylase and protease, were also measured.

Figure 5.1(a), Measurement of DCV (g). 200ml aliquots of the S.

albofaciens cultures was filtered on preweighed filters. The filters 

were dried at 50°C. for 2 hours then reweighed and the DCV calculated.

Figure 5.1(b). The protein concentration (pg/ml) of the ammonium 

sulphate precipitated and dialysed supernatant was measured by the 

Biorad assay. Using a standard curve produced from known concentrations 

of bovine serum albumin, the equivalent protein concentration in the 

samples were estimated.

Figure 5.1(c) The 8-lactamase activity in the ammonium sulphate 

concentrated samples was measured by the macro-iodometric assay. The 

specific enzyme activity pmol penicillin G degraded/h/pg of protein was 

then calculated.

Figure 5.1(d). Protease and amylase activity of the ammonium sulphate 

concentrated samples was measured separately by plate assay. The halo 

diameter was converted into protease or amylase activity using the 

standard curves, in the Methods section, Figures 3.2 and 3.4 

respectively. The enzyme activity was then divided by the protein 

concentration to determine the specific protease and amylase activities.
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Figure 5,2 Time course experiments on S, rlmosus, The results show 

protein measurements of the ammonium sulphate concentrated samples, dry 

cell weight (DCV). Specific enzyme activities - 0-lactamase, amylase and 

protease, were also measured.

Figure 5.2(a). Measurement of DCV (g). 200ml aliquots of the S, rimosus 

cultures was filtered on preweighed filters. The filters were dried at 

50°C. for 2 hours then reweighed and the DCV calculated.

Figure 5.2(b). The protein concentration (pg/ml) of the ammonium 

sulphate precipitated and dialysed supernatant was measured by the 

Biorad assay, Using a standard curve produced from known concentrations 

of bovine serum albumin, the equivalent protein concentration in the 

samples were estimated.

Figure 5.2(c) The 0-lactamase activity in the ammonium sulphate 

concentrated samples was measured by the macro-iodometric assay. The 

specific enzyme activity pmol penicillin G degraded/h/pg of protein was 

then calculated.

Figure 5.2(d). Protease and amylase activity of the ammonium sulphate 

concentrated samples was measured separately by plate assay. The halo 

diameter was converted into protease or amylase activity using the 

standard curves, in the Methods section, Figures 3.2 and 3.4 

respectively. The enzyme activity was then divided by the protein 

concentration to determine the specific protease and amylase activities.
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Figure 5,3 Time course experiments on S, vlolaceoniger, The results show 

protein measurements of the ammonium sulphate concentrated samples, dry 

cell weight (DCW). Specific enzyme activities - p-lactamase, amylase and 

protease, were also measured.

Figure 5.3(a). Measurement of DCW (g). 200ml aliquots of the S.

vlolaceoniger cultures was filtered on preweighed filters. The filters 

were dried at 50°C. for 2 hours then reweighed and the DCV calculated.

Figure 5.3(b). The protein concentration (pg/ml) of the ammonium 

sulphate precipitated and dialysed supernatant was measured by the 

Biorad assay. Using a standard curve produced from known concentrations 

of bovine serum albumin, the equivalent protein concentration in the 

samples were estimated.

Figure 5.3(c) The ^-lactamase activity in the ammonium sulphate 

concentrated samples was measured by the macro-iodometric assay. The 

specific enzyme activity pmol penicillin G degraded/h/pg of protein was 

then calculated.

Figure 5.3(d). Protease and amylase activity of the ammonium sulphate 

concentrated samples was measured separately by plate assay. The halo 

diameter was converted into protease or amylase activity using the 

standard curves, in the Methods section, Figures 3.2 and 3.4 

respectively. The enzyme activity was then divided by the protein 

concentration to determine the specific protease and amylase activities.
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5.2 ZYMOGRAM STUDIES

SDS-polyacrylamide gels offer a powerful tool for separating 

proteins according to their molecular weights. The ability to recover an 

enzyme activity after SDS-gel electrophoresis is useful for correlating 

that enzyme activity with a particular protein in the gel. Only a few 

enzymes, including RNases and DNases (Rosenthal and Lacks, 1977; Huet et 

alt 1978), proteases, amylases and dehydrogenases (Lacks and Springhorn, 

1980), phosphodiesterase and alkaline phosphatase (Delaney and Touster, 

1970) have had their enzyme activity renatured after SDS-polyacrylamide 

gel electrophoresis. In the cases cited above, the SDS was removed by 

simply incubating the gel in a buffer. This incubation appeared to be 

sufficient to permit renaturation of protein molecules and detection of 

their enzymatic activity, Failure to regain catalytic activity after 

SDS-gel electrophoresis can be an inherent characteristic of certain 

enzymes, for example, those whose activity requires participation of 

subunits with different molecular weights. In other cases as 

demonstrated by Lacks et al. (1979), for bovine pancreatic DNase, whose 

activity is readily detected by activity staining after electrophoresis 

with some SDS preparations, exhibit no activity at all when other

preparations of SDS are used. The failure to detect any enzymatic 

activity was traced to impurities in the SDS.

In this work, B-lactamase and amylase activity, after

denaturing and boiling in the presence of SDS and mercaptoethanol then

electrophoresing in SDS-polyacrylamide gels, was restored and detected 

in situ as specific bands of activity.

5.2.1 Detection of amylase activity on SDS-polyacrylamide gels

The S. albofaciens samples from the time-course studies that

showed amylase activity (Figure 5.4), were run on a 10% denaturing SDS-

polyacrylamide gel. The samples used were those obtained from the



precipitated culture supernatant, Standard molecular weight protein 

markers were also run in parallel. One half of the gel was then stained 

with Coomassie then destained, whilst with the second half the enzyme 

was reactivated by the method of Blank et al. 1982, see section 

3.7.19.1. The results are shown in Figure 5.5. The size of the 

S. albofaciens amylase was calculated using the protein standard on the 

stained portion of the gel. The size of S. albofaciens amylase was 

estimated to be * 44kDa.

The method of removing SDS from the polyacrylamide gels with 

Triton X-100 < section 3.7.19.2) was also tried for detection of amylase 

and similar results as above were obtained.



Figure 5.4 The photograph shows amylase activity from S. albofaciens 

time course experiments. These results were obtained from 20ml aliquots 

of YEME culture which were saturated to 80% with ammonium sulphate. 50pl 

of the enzyme was incubated for 15 hours in 1% starch-agar plates. As a 

control an equal volume of 20mM Tris-HCl was included. Amylase activity 

was detected by flooding the plates with Lugol's iodine.

Enzyme activity after 64 hours-112 hours of incubation are shown in 

Figure 5.4. No amylase activity was detected for the earlier time 

points. The wells are numbered as follows:

(1) 64h (2) 72h (3) 88h <4)96h <5>112h (6)Control 20mM Tris HC1 pH 7.5



Figure 5,5 The photograph shows a zymogram of S. albofaciens amylase

activity. IOOjjI of the samples seen in Figure 5.4, that showed amylase

activity were loaded in duplicate onto 10% SDS-polyacrylamide gels. The 

left-hand side of the gel was stained with coomassie, whilst the right- 

hand side was used for the zymogram study. The molecular weights are 

shown in kDa. The tracks are numbered as follows:

(1) MV marker (2) 72h (3)88h (4>88h (5>96h <6)96h (7)112h (8>112h

(9)72h (10)88h (ll)88h (12)96h <13)96h (14)96h (15)112h.

1 2  3 4 5 6 7 8 9 1011 12 131415

Amylase
44kDa



5,2,2 Detection of 8-lactamase activity on SDS-polyacrylamide gels
For 8-lactamase, a slightly different approach was adopted. 

Enzyme activity was not consistently detected when Isopropanol was used 

to remove the SDS. These discrepancies could not be attributed to batch 

differences of SDS as shown by Lacks et al. <1979), since the same SDS 

was used throughout. Instead it was thought that extensive washing in 

Isopropanol may have inactivated the enzyme. The ' polyacrlyamide gel 

was therefore washed with 2.5% v/v Triton X-100 (Deane et al., 1987) in 

20mM Tris-HCl pH 7.5 (see section 3.7.19.2).

The results in Figure 5.8 show the ^-lactamase activity 

detected for S. albofaciens, S. rlmosus and S. vlolaceoniger. From the 

time-course studies, it was found that j3-lactamase reached a peak in the 

earlier stages of the life-cycle. Consequently, extracellular enzyme 

from the three Streptomyces strains grown in YEME for between 22-25 

hours, was prepared and utilised in the reactivation studies. Even 

though the time course studies demonstrated that amylase production 

occurred much later in the life-cycle, suitable controls were also 

carried out to eliminate the possibility that the clear zones detected 

on the ^-lactamase zymograms was due to amylase activity on the starch 

component of the zymogram. A zymogram containing only 1% starch and 2% 

agarose in 20mM Tris-HCl, was used on a second reactivated gel. The 

zymogram was then developed as before and no clear zones were detected. 

As an additional control a zymogram for TEM ^-lactamase from E.coli 

containing the ampicillin resistant plasmid pUC8 was developed. A 5ml 

overnight HB culture of pUC8, previously grown on NA containing 500pg/ml 

ampicillin, was spun and the pellet resuspended in 500pl sterile 

distilled water. 50pl aliquots was mixed with 50j j1 SDS-loading buffer 

and boiled for 3 minutes then loaded on a 10% SDS-polyacrylamide gel. 

From the zymogram, the size of the TEM j3-lactamase was found to be * 27 

kDa. (Figure 5.7).



contain a

S. albofaciens, S. rlmosus and S. vlolaceoniger all appeared to 

8-lactamase of molecular weight * 54 kDa.



Figure 5,6 The photograph shows a zymogram of ^-lactamase activity for 

S. albofaciens, S. rlmosus, and S’. vlolaceoniger. * 30pg/ml of 

extracellular enzyme from each strain was used. The molecular weights 

are shown in kDa.

The tracks are labelled as folows:

(1) S. albofaciens.

(2) S. rlmosus.

(3) S. vlolaceoniger.



Figure 5,7 A test zymogram of the TEM fl-lactamase from B. coll pUC 9 

plasmid. On the left-hand section of the 10% SDS-polyacrylamide gel, 

molecular weight markers were run in parallel with 50pl of the plasmid 

in SDS-sample buffer. The right-hand section of the gel was used for the 

zymogram experiment. The molecular weights are shown in kDa.

The tracks are labelled as follows:

(1)MV marker (2) - <5> B. coll pUC8 plasmid.

1  2  a

MW

94

67

0
43

30
TEM 6— lactamase 

27 kDa20-1



5,3 Determination of the isoelectric points
Isoelectric focusing is a method of separation in which 

proteins align themselves as sharp bands at their isoelectric points 

(pi) in an electrophoretically-produced pH gradient. A high degree of 

resolution is obtained by the method, because focusing is caused by 

forces that act against diffusion and proteins are therefore 

concentrated during their separation (Matthew et al, , 1975). A £-

lactamase generally focuses as a main band that is accompanied by 

satellite bands (Ogawara et al, , 1974j Matthew et al 1975). At present, 

the reason why an apparently single ^-lactamase focuses as a main band 

together with satellites bands, is unknown.

time points which showed maximum j3~lactamase activity was determined 

(section 3,1.20 and Figure 5.8b). The pi for the 3 strains are shown in 

Table 5.1 and Figure 5.8a.

Using pre-prepared anrpholine Pag plates (LKB), the pi of the

STRAIN Pi

• S', al ho£ac iens 6.55; 6.88*

: S, rlmosus 5.8; 6.15*; 7.05*

: S, vlolaceoniger : 6.65; 6. 9*

* denotes pJ at which the most Intense $-lactamase activity was 

detected.



Figure 5,8 Estimation of the pi of S, albofaciens, S. rimosus and 5. 

vlolaceoniger on Pag plates. 0-lactamase activity was detected using 

Nitrocefin before the gel was stained.

The tracks are numbered as follows:

(l)IEF pi standards (2)S. vlolaceoniger (3)5. rimosus

(4)5’. albofaciens

riiva LKtl ISr ««'•'< CWV»

<ca>

S. albo-fac iens Pl 6-88

.r imosus pl 7 05
S.vlolaceoniger p| 6 ‘9



5,4 Western blot analysis of the extracellular enzyme from the three 

strains

Towbin et al. <1979), described a procedure for the 

electrophoretic transfer of proteins from a polyacrylamide gel to a 

nitrocellulose membrane. The protein bands bound to the membrane are 

then accessible to a number of probes including antibodies. The

general procedure is termed 'protein blotting* or 'Western blotting'.

The aim of this experiment was to compare the antigenic 

pattern of protein produced by the three strains. Antisera raised

against semi-purified 0-lactamase from S. albofaciens (see methods 

section 3.7.21 and results section 6.1), was used. From the dot blot 

experiments (3.7.22), the most suitable dilution of the antisera was 

determined as 1:200. Initially, the horseradish peroxidase colour

development system was used but it was later found that the alkaline 

phosphatase colour development system was more sensitive and the intense 

blue colour formed from the reaction products did not fade.

Approximately equal concentrations of each of the 

extracellular enzymes from S. albofaciens, S. rimosus and S.

vlolaceoniger, was loaded onto an SDS-polyacrylamide gel. After 

electrophoresis, one half of the gel was stained and destained whilst 

the second half was Western blotted and the nitrocellulose membrane 

subsequently developed (see section 3.7.17). The results are shown in 

Figure 5.9. A protein band of “ 54kDa (an equivalent protein band was 

also seen in the zymogram studies, this chapter, section 5.2.2), was 

visualised for all three strains. This band on the Western blot was most 

intense for S. albofaciens and S. rimosus compared to S. vlolaceoniger. 

In addition, cross-reaction with some of the lower molecular weight 

proteins was seen. These proteins as already demonstrated (this chapter 

5.2.2), did not demonstrate any 0-lactamase activity. The Western blot 

experiments were repeated at least four times using the same



Figure 5.9 Western blot of S. albofaciens, S. rimusus and 5. 

violaceoniger. Equal concentrations O  30j.ig) of extracellular enzyme 

from each of the strains was loaded onto a 10% SDS-polyacrylamide gel. 

One half was stained and the second half of the gel was Western blotted. 

The portion of the nitrocellulose membrane containing the molecular 

weight markers was amido black stained and the remainder of the membrane 

probed with antisera.

The tracks are labelled as follows:

(1)MW marker (2)5. albofaciens (3)5. rimosus (4) S. violaceoniger -

coomassie stained

(5)MW marker (6)5. albofaciens - amido black stained 

(7)5. albofaciens <8)5. rimosus (9)5. violaceoniger -probed with

antisera.

1 2 3 4 5 6 7 8 9

20*1
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36

66
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extracellular enzyme for two of the experiments and then 

preparation. In all cases similar results were obtained.

new



5.5 Discussion:

The results of the time course experiments showed that 0- 

lactamase was produced at an early stage in the life-cycle of all three 

strains. Though the peak of production occurred at about 20-25 hours, 

low levels of 0-lactamase continued to be produced until at least 72 

hours. Using the criteria for the macro-iodometric assay, enzyme 

activity was not detected forS, albofaciens and S. vlolaceoniger after 

64hours of incubation. However, using Nitrocefin as the substrate, 0- 

lactamase was detected, though in extremely low amounts (less than 

0.5pmol penicillin G degraded/h/ml)j Indicating that either very small 

amounts of 0-lactamase continued to be produced throughout the life

cycle or that some 0-lactamase produced at the peak was still present

at those later time points,

When the peak 0-lactamase activity were compared for the three 

strains, S. albofaciens had a marginally higher specific activity (* 

43.23 pmol penicilin G degraded/h/pg of protein) compared to S. rimosus 

(* 37.3 pmol penicillin G degraded/h/pg of protein). S. violaceoniger, in 

comparison had a specific activity of almost half of the other two 

strains.

The time course results also showed that both amylase and

protease was produced by the three strains. Two other enzyme activities

were also detected DNase (on 1% DNase agar) and Esterase (on 1% 

Tributyrin agar), but the results were extremely erratic and the enzyme 

activity apppeared to be transient.

Proteolytic activity was greatest in S. rlmosus and S. 

violaceoniger, these microorganisms produced * 50 and * 70 times

respectively more protease than S. albofaciens. Detection of protease 

activity was of interest because it was preferable to choose strains 

that were both good producers of 0-lactamase and weak producers of



protease to avoid proteolytic degradation of the enzyme. Otherwise, the 

addition of protease inhibitors would have been necessary.

Similarly, amylase activity was higher in S. rimosus and

S. vlolaceoniger compared to S. albofaciens. The low levels of amylase 
activity was not unexpected since the culture conditions in this study

would not have been expected to induce amylase in these three organisms.

Other studies on the induction of S. albofaciens amylase showed that the

presence of malt in the YEME medium, did not lead to an increase in

amylase activity (L. Andrews unpublished). However, the results showed

that the peak production time for protease and amylase in particular,

did not coincide with that of 0-lactamase. It was therefore possible to

incorporate starch in the zymograms used to detect 0-lactamase activity

without having to take the effects of amylase activity into

consideration.

From the various methods of carrying out the zymogram 

incubation and staining for the presence of 0-lactamase, it was found 

that immersing the zymogram in a solution of penicillin G, before 

developing in the iodine solution, gave a better definition of the clear 

zones and the background stain did not decolourise rapidly. Control

experiments where the zymogram was not incubated in the penicillin G
solution prior to staining, resulted in very faint zones which had a 

tendency to fade rapidly. Also if the treatment was carried out in 

reverse, that is, first immersing in the iodine solution then the

penicillin G solution, the blue-black colouration (due to the reaction 

of starch with iodine) also decolourised rapidly.

The clear zones, obtained as a result of 0-lactamase activity,

covered a wide area. As a result, the mid-point of the clear zone was

used to determine the molecular weight of the 0-lactamases.

Specific enzyme assays were not carried out for the amylase 

and protease enzymes produced by the three Streptomyces strains, relying



instead on plate assays. Using the standard curves, clear zone diameters 

were related to specific enzyme activity. This method gave a semi- 

quantitative measurement of the total protease and amylase activity 

because factors such as the different diffusion rates of the enzyme 

through the agar was not taken into account. However, it was shown that 

this technique was considerably more sensitive than the enzyme assays 

because the plate assays continued to give measurable zones at enzyme 

concentrations that did not show any activity with the liquid amylase or 

protease assays.



6 PUBIFICATIOI OF S. albofaciens B-LACTAKASE

A number of ^-lactamases from Streptomyces, have been 

purified to homogeniety. These include S. albus G (Dehottay et al., 

1986), S. cacaoi (Ogawara et al. , 1981) and Streptomyces UCSM-104

(Campos et al. , 1985). All these enzymes were initially separated on

cellulose ion-exchange columns.

S. albofaciens was selected because the data presented in 

chapter 4 showed that this strain appeared to produce the most {5-

lactamase of the strains available. The aim of this work was to purify 

the ^-lactamase and to determine the substrate, temperature, pH and 

inhibition profile of the S. albofaciens enzyme.

6.1 Separation on DEAE 52 (DE52)

DEAE 52 is an anion exchange cellulose matrix. A column of 

DE52 was prepared as described in the Methods section 3.7.12.

S. albofaciens was grown in four litres of YEME for 24 hours and the 

supernatant containing the enzyme was treated with ammonium sulphate, 

precipitated and dialysed (materials and methods 3,7.11). The 

concentrated proteins were loaded onto a DE52 column and eluted with a 

salt gradient of 0-0.5M NaCI, The 3ml fractions were assayed not only 

for {5-lactamase (3.8.2) but for other enzyme activity (amylase and 

protease as described in section 3.9.1 and 3.9.2).

Some ^-lactamase activity was detected in the eluate when the 

column was washed and this represented unbound material. Most of the {5- 

lactamase activity was eluted by the salt gradient (Figure 6.1). The 

column was subsequently washed with 1M NaCl, and ^-lactamase was again 

detected in the first 3-5 fractions



Figure 5, 1 DBAE 52 chromatography of S, slbofaciens ^-lactamase. 

Ammonium sulphate concentrated samples (to 80%) were loaded onto a 

column of DE52 equilibrated with 20mM Tris-HCl, pH 7.5. The sample was 

eluted with a 100ml linear gradient of 0-0.5M NaCl, at a flow rate of 

30ml/hour at room temperature. 30 fractions of 3ml were collected. The 

column was then washed with 1M HaCl (100ml) and 3ml fractions were 

collected and assayed. The protein concentration in each of the 

fractions was also measured using the Bradford assay described in 

materials and methods section 3.8.4
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The activity was not as high as that found in 

the initial salt gradient (Figure 6,1).

The fractions showing 0-lactamase activity were pooled and 

dilaysed against 50% glycerol in 20mM Tris-HCl pH 7.5, for 1 hour and 

then stored at -20°C. Analysis of these pooled fractions on SDS-PAGE, 

showed that the S. albofaciens 0-lactamase had not been purified to 

homogeniety. (Figure 6.2).

From the elution profiles (Figure 6.1), it was thought that 

two 0-lactamases were present. One which was eluted in a low salt 

gradient (0-0.5M NaCl) and the second enzyme eluted with lit NaCl. SDS- 

PAGE showed that both eluates had the same protein profiles (Figure 6.2) 

and the pi values were the same (data not shown).

From plate assays (3.9,1 and 3.9.2), no amylase or protease 

activity was detected. These results were not unexpected since YEME 

cultures of S. albofaciens were harvested after 21-25 hours when as 

shown previously (5,1.4 and 5.1.5), no protease or amylase activity was 

detected.



Figure 6,2 SBS-FAGE to compare crude extracellular enzyme preparation of 

S. albofaciens and fl-lactamase active fractions from DE52 column 

chromatography. Active samples from the 0-0.5M NaCl gradient and after 

the 1M NaCl wash were loaded separately and the tracks are labelled as 

follows:

(1) MV marker (2) lOOpl crude extracellular enzyme from S. albofaciens 

(3) 50/il crude enzyme (4) pooled ^-lactamase active fractions from salt 

gradient (5>second group of pooled fractions from salt gradient (this 

group was less active than the first batch of pooled enzyme)

(6)Active fraction from 1M NaCl wash.

Molecular weights are shown in kDa.

¥



5,2 Affinity chromatography of S, aJ bofaciens 0-lactamase

The classification of 0-lactamases based on amino acid 

sequence recognises three classes A, B and C (Ambler, 1980; Jaurin and 

Grundstrom, 1981). Classes A and C are 'serine enzymes', that is, they 

have a serine residue in their active sites which is believed to be 

involved in catalysis (Knott and Hunziker, 1979; Cohen and Pratt, 1980; 

Fisher et al., 1980, 1981). The 0-lactamase belonging to classes A and C 

are inhibited by boric acid and boronic acids. The class-B-enzyme 0- 

lactamase II from B. cereus requires Zinc for activity, and there is no 

evidence that it is a serine enzyme, nor is it inhibited by boric acid 

or boronic acids (Cartwright and Valey, 1984).

To discover whether the 0-lactamase enzyme from S. 

albofaciens required zinc for its activity, crude enzyme and later 

purified 0-lactamase (see section 6.10) were incubated with 0. ImM amd 

ImM NazEDTA. After 10 or 30 minutes incubation, the samples were assayed 

for 0-lactamase activity by the macro-iodometrie method (section 

3.8.19.1). The NasEDTA did not have any effect on the crude enzyme. S. 

albofaciens 0-lactamase therefore did not require zinc for its activity. 

Also since there have been no reports of zinc requiring 0-lactamase 

producers among Streptomyces, the 0-lactamase from S. albofaciens was 

tentatively classified as a serine type 0-lactamase.

The only inert reversible inhibitor of 0-lactamases are boric 

and phenylboronic acids.(Kienen and Valey, 1978; Beesley et al., 1983). 

It has been suggested (Cartwright and Valey, 1984) that there is a 

perfect correlation between a 0-lactamase being a serine enzyme and its 

being inhibited by boronic acid. This property of serine 0-lactamases 

was thus exploited by immobilising the inhibitor on a column and using 

such a column to purify the 0-lactamase.

A Carboxyhexyl-Sepharose (CH-Sepharose) columnn with a 

hydrophobic spacer arm (m- ami nophenylboronic acid hemisulphate), was



prepared as described in section 3,7,13, Semi-purified 0-lactamase 

samples obtained from DE52 purification, was loaded onto the affinity 

column at a flow rate of 30ml/hour. The column was washed with 20mM- 

triethanolamine hydrochloride buffer/0.5M NaCl, pH 7, until the As.©o of 

the washings was zero, The enzyme was then eluted with 0.5K borate/0.5M 

NaCl, pH 7. It was found that as soon as the elution buffer was applied, 

the 0-lactamase was eluted and the enzyme was found in only one 

fraction.

The enzyme recoveries and enrichment for the two purification 

steps are shown in Table 6.1. Since no 0-lactamase activity was detected 

using the macro-iodometric assay (3.8.2), for uniformity, all the 0- 

lactamase activities were determined with Nitrocefin (3.8.2.2).
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6.3 SDS-PAGE analysis of. the purified B-lactamass.

Fractions obtained from DE52 and affinity column 

chromatography, were electrophoresed on 10% SDS-PAGE in parallel with 

the crude extracellular enzyme, After coomassie staining and destaining, 

no protein bands were visible for the affinity column purified fraction. 

A similar gel was also silver stained (3.7.16) and a faint band was 

visible in the affinity purified track, but this was at the expense of 

overstaining both the molecular weight markers and the crude 

extracellular enzyme preparation. The enzyme from the affinity column 

was therefore concentrated using a microconcentrator (Amicon). Since the 

molecular weight of the ^-lactamase was known (Results 5.2.2), a 

centricon 30 (30,000 molecular weight cut off) was used. 1ml of the

enzyme was spun according to the manufacturers instruction. 

Approximately 35pl (21pg of protein) of concentrated enzyme was obtained 

per ml of enzyme used. lOpl of the concentrated enzyme was used to 

visualise a band on a silver stained gel (Figure 6.3).



Figure 6.3 Silver stained SDS-polyacrylamide gel comparing crude 

extracellular enzyme extracts and an affinity purified fraction showing 

p-lactamase activity. Molecular weights are shown in kDa. The tracks are 

labelled as follows:

ipg/ml
(1)MV marker (2)Affinity purified S. albofaciens fl-lactamasea (3)crude

30pg/ml
extracellular enzymeA from S. albofaciens (<pMV marker.



6.5 Vestern blot of the purified enzyme.

The affinity purified enzyme was blotted on to an 

nitrocellulose membrane (see methods section 3.7.17) together with an 

aliquot of the crude extracellular enzyme and the DE52 separated 

fraction. The results, (Figure 6,4), show that for the affinity 

purified track, a protein band of * 55kDa cross-reacted with the 
antibody and similar size protein bands were also visible for the other 

two samples that were blotted.

6.5 Zvmogram assay of the purified enzyme.

A zymogram of the purified ^-lactamase was developed (Figure 

6.5). A clear zone corresponding to a zone seen for the crude enzyme 

extract, was seen. A zone was also visualised for the DE52 fraction.

6.6 Determining the pi of the purified enzyme.

The pi of the purified ^-lactamase was determined as 

previously described (3.1.20). JJ-lactamase activity was detcted at a pi 

of 6.75 (data not shown).



Figure 6.4 Western blot of the crude enzyme preparation of 5. 

albofaciens, the DE52 separated fraction and the affinity purified J3- 

lactamase. for the purified protein track, a band of - 55kDa was 

visualised and similar size protein bands was also seen in the other 

tracks. The tracks were labelled as follows:

(3)Crude extracellular enzyme (2) DE52 separated fraction (i)Affinity 

purified fraction (4) MV marker



Figure 6,5 Zymogram of crude extracellular enzyme extract, DE52 

separated fraction showing 0-lactamase activity and the same fraction 

after separation on an affinity column. Molecular weights are shown in 

kDa. The tracks are labelled as follows:

(l)Crude enzyme from S. albofaciens (2)DE52 purified fraction from 0- 

0.5M NaCl gradient (3)Affinity purified 0-lactamase



6.7 Temperature optima and temperature stability of the purified enzyme.

The temperature optimum of the purified and concentrated 

enzyme was determined by carrying out the enzyme assays (3.8.2.2) at 

various temperatures 4°C., 30°C., 37°C., 60°C. and 80°C. The temperature 

optimum for the enzyme reaction was 30°C., see Figure 6.6.

The temperature stability was determined by incubating 

aliquots of the enzyme at the temperatures indicated above, for 15 

minutes. The enzyme assays were then conducted as before at 30°C. The 

enzyme was equally stable at both 30°C. and 37°C. Figure 6.7.

"optimum
6.8 pH^of the affinity purified B-lactamase.

The pH optima of the purified enzyme was determined at 30°C. 

(Figure 6,8). For pH range 6-8, Sodium phospate buffers were used (Table

3.5 in materials section). For the pH range 8-10, Tris-HCl buffers were 

used and for pH 11 a potassium hydrogen carbonate buffer was used. The 

optimum pH of S. albofaciens 0-lactamase was 7. The pH optima of the 

crude extracellular enzyme preparation was also determined (Figure 6.8) 

and similar results were obtained.



Figure 6,6 Determination of the temperature optimum for the 0-lactamase 

reaction. Enzyme reactions using Nitrocefin as the substrate, were 

carried out at various temperatures 4°C., 30°C., 37°C., 60°C. and 80°C.

A graph of enzyme activity against temperature was plotted.

Figure 6.7 Determining the temperature stability of the purified 0- 

lactamase, 20pl aliquots of the enzyme were incubated for 15 minutes at 

various temperatures 4°C., 30°C., 37°C., 60°C. and 80°C. Enzyme activity 

was then measured at 30°C.using Nitrocefin as the substrate. A graph of 

enzyme activity against temperature is shown.

Figure 6.8 pH profile of the purified 0-lactamase. The pH optima was 

determined by using buffers at different pH's. For pH 6-8, O.lmM sodium 

phosphate buffers were used. pH range 8-10, 20ml[ Tris-HCl buffers were 

used and for pH 11, 0.1M potassium hydrogen carbonate buffer was used. 

The pH optima of the crude extracellular enzyme from S. albofaciens was 

also determined, A graph of enzyme activity against pH was plotted.
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6.9 Substrate profile.
The substrate profile of the crude enzyme was carried out. 

using the macro-iodometric assay (3.8.2.1) and various penicillin and 

cephalosporin substrates (Table 6.2). All the reactions were carried out 

at 30°C. and the 0-lactamase activities were expressed as a percentage 

of the 0-lactamase activity for penicillin G.

Table 6.2 Substrate profile.

: SUBSTRATE : % 0-LACTAMASE ACTIVITY •

: Penicillin G : 100*

: Ampicillin : 127

: Carbenicillin : 9

• Cloxacillin 0

: Methicillin 0

: Oxacillin : 0

: Cephalosporin C 0

* arbitary units taking activity of penicillin G as 100.

The results in Table 6.2 indicates that S. albofaciens 0- 

lactamases acts primarily on penicillin type 0-lactam antibiotics.



6,10 Inhibition studies on the affinity purified B-lactamase.

Inhibitors of 0-lactamase may be useful clinically, for 

enzymolological and crystallographic studies. The effects of inhibitors 

has also been used as means of classifying 0-lactamases. As demonstrated 

earlier, the chelating agent NAzEDTA did not alter 0-lactamase activity 

and the S. albofaciens enzyme was therefore not a member of the Class B 

(that is, a zinc requiring enzyme) 0-lactamase,
•fIn a review on the methodology for the studyA0-lactamase, Bush 

and Sykes (1986) recommended certain compounds that could be used to 

obtain an inhibition profile of the enzyme. A comprehensive study of 

inhibitors of S. albofaciens 0-lactamase was not undertaken principally 

because of the lack of purified material to work with. However, using 

this criteria outlined by Bush and Sykes, the effects of various 

concentrations of Na^EDTA, iodine, NaCl, urea and p- 

chloromercuribenzoate (PCMB) were examined. The enzyme was incubated in 

the presence or absence of each inhibitor at the concentrations shown in 

Table 6.3, for 10 and 30 minutes at optimum temperature of 30°C. Enzyme 

assays were determined on penicillin G (3.8.2.1). The percentage of 

inhibition was calculated against an uninhibited aliquot of the 0- 

lactamase. The results are shown in Table 6.3.



Table 6,3 Inhibition profile,

: % inhibition after : % inhibition after :

:INHIBITOR : 10 minutes incubation : 30 minutes incubation:

: : with inhibitor : with inhibitor

:Iodine ImM 5 : 7

: lOmM : 5 23 :

: 20mM 11 : 31 :

:NaCl ImM : 0 : 0 :

: lOmM : 0 : 0 :

50mM 0 : 0 :

: lOOmM : 0 0 :

:Urea ImM 0 0

: lOmM 0 0

:Na^EDTA 0. ImM : 0 : 0

: ImM 0 : 0 :

:PCMB 0.5mM 45 : 88 :

The results show that iodine and PCMB inhibit S. albofaciens 0-lactamase 

activity. Iodine has been used in this work to stop 0-lactamase activity 

in the assay protocol. PCMB is an amino acid modifier and this 

inhibition is reversible (Bush and Sykes, 1986). As expected, NazEDTA a 

metal ion chelator, had no effect confirming that S. albofaciens is not



a zinc requiring 0-lactamase and may probably be classified as a Class A 

or C 0-lactamase,

6.ll Discussion,
Using a two-step purification protocol, the 0-lactamase from 

S. albofaciens was purified to homogeneity. Separation on DE52 columns 

eliminated a number of proteins from the crude extracellular enzyme 

extract. It was initialy thought that because 0-lactamase was detected 

at two stages of the column chromatography, that there were two types of 

0-lactamase present. That is, one that was eluted at low salt 

concentrations (when 0-0.5M NaCl gradient was applied), and the second 

when the column was washed with lM NaCl. However, on SDS-PAGE identical 

protein bands were seen for the two types of fractions. In addition 

these samples also had the same pi values. It would therefore appear 

that the second fraction of 0-lactamase eluted represented enzyme that 

was more tightly bound to the column or non-specifically bound to other 

proteins. This was further confirmed by chromatography on the affinity 

column. Separation of both samples yielded an enzyme with identical 

molecular weight.

An alternative separation protocol was also tested after the 

DE52 chromqtography. The most active fractions from DE52 chromatography 

were subjected to FPLC on MonoQ resin. On SDS-PAGE, the 0-lactamase 

positive eluates from the FPLC, consisted of at least 3-4 protein bands 

and further separation on the affinity column was required. The FPLC 

step was therefore not used in subsequent purifications and the two 

stage separation that is, DE52 followed by the affinity column, was used 

for purification.

A characteristic of Streptomyces is that they produce pigments 

many of which are water soluble and S. albofaciens was no exception 

especially when YEME was the media being utilised. A pigment was 

precipitated along with the proteins during the ammonium sulphate step



and this was the solution applied to the PE52 column. A consequence of 

this pigment production was that the DE52 columns could not be reused. 

Washing the column with 1M NaCl removed some but not all of the pigment 

so new columns had to be poured for each DE52 separation. Crameri et al. 

(1982), while purifying the enzyme tyrosinase from S. glaucescens, that 

the pigment could be removed by treating the culture supernatant with 

DE52. However, since the 0-lactamase binds to the DE52 which has 

positively charged groups, this method of removing the pigments may 

have also resulted in loss of the 0-lactamase enzyme.

The purified enzyme displayed a temperature optimum of 30°C, 

in its reaction with penicillin G. When tested for its temperature 

stability during a short incubation without substrate, it was found to 

be most stable at both 30°C. and 37°C. After 15 minutes at 60°C. there 

was a 42% loss in activity and 55% loss in activity after 15 minutes at 

80°C,. The pH optimum was determined as 7.0 in 0.ImM sodium phosphate 

buffer and the pi was 6.75. The enzyme was most active against 

penicillin G and ampicillin and no activity was recorded against the 

cephalosporins. Ogawara (1981) in a survey of 30 0-lactamase producing 

Streptomycetes, found that these enzymes functioned primarily as 

penicillinases,

Molecular weights of 0-lactamases have been shown to range 

from 14kDa-49kDa (Sykes and Matthew, 1976). and similar results have 

been seen in streptomycetes. For example, the enzyme from S. albus G 

has a molecular weight of 30kDa (Dehottay et al., 1986); S. cacoai 34kDa 

(Ogawara et al. , 1981) and Streptomyces UCSM -104, a molecular weight of 

34kDa (Campos et al. , 1985). The only documented 0-lactamase of high

molecular weight is from the Actlnomycete Actlnomadura R39 which on 

SDS-PAGE had an apparent molecular weight of 55-57kDa (Piron-Fraipont et 

al. , 1989), From the studies described in this thesis, S. albofaciens 

had an apparent molecular weight of 52-55kDa.



7 CLONING OF THE B-LACTAXASE GE1E FROM S. albofaciens

Interest in gene cloning in Streptomyces has primarily been 

directed at the pathways for antibiotic synthesis. Two species of 

streptomycetes, S. lividans 66 and S. coelicolor A3(2) (Hopwood et al. , 

1985), have the most defined genetic systems and are the easiest to work 

with in molecular biology studies, becoming the microorganism of choice 

in cloning studies. In general, derivatives of S. lividans 66 (for 

example TK24) are used as primary hosts. S. lividans 66, in comparision 

to other streptomycetes, grows fast, sporulates well and gives 

consistently high transformation frequencies and there is usually no 

restriction of DNA from other Streptomyces species (Hopwood et al. , 

1985). DNA from E. coli can be introduced into both S. lividans 66 and, 

at a reduced frequency into S. coelicolor A (3)2

Though DNA techniques in streptomycetes have advanced rapidly, 

genetic manipulations in these microorganisms have limitations compared 

to manipulations in E. coli. Streptomycetes grow slowly and recombinant 

plasmids are sometimes unstable (Mazodier et al. , 1989). Due to these

limitations, E. coli-Streptomyces shuttle vectors have been developed 

which allow DNA constructions in E. coll to be carried out and the 

resulting constructs be introduced into streptomycetes by 

transformation.

7.1 Construction of the E. coli-Streptomyces shuttle vector pQRl

An E. col 1-Streptomyces shuttle vector pQRl was constructed for 

the cloning of the bla gene of S. albofaciens. pQRl was made by fusing 

the E. coli plasmid pBR325 (Prentki et al. , 1981) with a high copy

number streptomycete plasmid pIJ702 (Katz, 1983), as shown in Figure



7.1, Both plasmids were digested with the restriction endonuclease Fstl 

and equal volumes of the cleaved plasmids ligated and transformed into 

E. coli ED8654. The transformants were initially selected on NA 

containing either tetracycline (Tet) at a final concentration of lOpg/ml 

or chloramphenicol (Cam) at a final concentration of lOpg/ml. All Tet 

and Cam resistant (TetR Canf*) colonies, were also plated on NA 

containing ampicillin (Amp) at a final concentration of 500pg/ml, to 

confirm that they were now Amp sensitive (Amps?:), since cleavage of 

pBR325 with the restriction enzyme Pstl should have inactivated the 

lactamase gene.

Mini-plasmid preparations of the TetR CamR Amps transformants 

showed that that all the plasmids obtained contained pBR325 in one 

orientation relative to pIJ702. This plasmid was called pQRl. From the 

pBR325 component of pQRl, there are two useful antibiotic markers Cam 

and Tet each bearing a unique restriction enzyme site FcriRI and 

Hlndlll respectively, that allow selection in an E. coli hosts. pIJ702 

carries a thiostrepton (Tsr) resistance marker and a tyrosinase encoding 

gene (mel).



Figure 7,1 Construction of plasmid pQRl. This 11.7kb shuttle vector was 

made by fusing pBR325, cleaved by the restriction enzyme Psil, with 

pIJ702 also digested by Pstl. TetR CamR transformants of the E.coli 

strain ED8654, were selected.

The arrows indicate the direction of transcription of the Tet, Cam and 

Tsr genes.
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7,2,1 Screening of a lambda gene bank of S. albofaciens,

Lambda vectors are used extensively for cloning DITA and for 

preparing 'gene banks' or 'gene libraries'. XL47 is one such 

bacteriophage vector which has been designed for cloning large fragments 

of DNA (between 5kb-20kb> using several restriction enzymes (Loenen and 

Brammar, 1980). Recombinant phages generated from XL47 can be selected 

by their ability to grow on E.coli lysogenic for phage P2.

A gene bank of S. albofaciens in XL47 was prepared by Dr J. M. 

Ward in this laboratory. Genomic •S', albofaciens BNA was partially 

digested with Sau3k and packaged into the Banill site of XL47. The aim of 

this experiment was to attempt to clone the bla gene of S. albofaciens. 

Antisera raised against semi-purified ]3-lactamase (results section 3.1) 

was used to screen the S. albofaciens gene bank.

From dot-blot experiments (methods section 3.1.22), the 

working dilution of the antisera was determined as 1:200. Also from

these experiments it was seen that the control XL47 lysate also cross

reacted with the antisera. A fresh preparation of antisera was

therefore first cross adsorbed with an XL47 lysate, then made up to the 

correct dilution before use.

The gene bank of S. albofaciens was originally plated onto NA 

(section 3.1.25) and plaque lifts were made. The nitrocellulose discs 

were treated with the first antibody, anti-*?, albofaciens antisera. Two 

types of second antibodies were available in the laboratory; Goat

antirabbit IgG horseradish peroxidase conjugate and Goat antirabbit IgG 

alkaline phosphatase conjugate. It was found that with the horseradish 

peroxidase, the colour reaction was very faint, and on prolonged storage 

of the nitrocellulose discs, the colour tended to fade. With the 

alkaline phosphatase system, the cross-reaction was much more sensitive 

and the blue colouration did not fade away.



With both types of colour developer, background colouration 

of the the nitrocellulose membranes occurred. Various control 

experiments were carried out to determine whether this was due to the 

antibody or due to the E . coli host cells. In the first control 

experiment, the anti-S\ albofaciens antisera was spotted onto 

nitrocellulose filters. The membrane was then treated as described in 

methods (section 3.1.22) but no second antibody was added. If there was 

any peroxidase or phosphatase in the first antibody, then a colour 

reaction between the antisera and the colour developer would have been 

expected. There was no reaction between the anti-£\ albofaciens and 

either of the colour developers. In a second control experiment, the 

procedure as described above was folowed but in this case, the second 

antibody was placed onto the nitrocellulose membrane. As expected, there 

was a reaction between the second antibody and the colour developer but 

the colouration was restricted to the area where the second antibody was 

spotted. It was therefore thought that the background colour was due to 

the presence of phosphatase or peroxidase released during lysis of the 

E. coli host cells. The gene bank was plated onto LB agar to determine 

whether the production of alkaline phosphatase would be repressed. Also 

in a separate experiment, a different host E. coll P2-392 was used 

instead of E. coli ED8654 again to see whether using a different host 

would eliminate the background reaction.

With LB agar, no background colouration was detected and 

similar results were obtained with E. coll P2-392. However, with this 

second host system, the number of plaques was reduced and they were much 

smaller in size. The S. albofaciens gene bank was therefore screened on 

LB agar using the host E. coli ED8654 and the alkaline phosphatase 

colour developer.

Twelve positive clones were found as a result of screening the 

gene bank with anti-S. albofaciens antisera. Since the plaques were close



together, it was necessary to rescreen these twelve recombinant clones 

to ensure that there was no contamination from the negative plaques. 

From this second screen, purified positive recombinant clones were 

propagated for long term storage and analysis.

7.2.2 Western blot of the twelve lambda recombinants.

The twelve recombinants were grown in LB medium and whole 

cell-lysates or the supernatants were electrophoresed on 10% SDS- 

polyacrylamide gels then Western blotted (see methods section 3.1.29). 

Protein molecular weight markers, crude extracellular enzyme from S. 

albofaciens and XL47 lysates were also run in parallel.

The results in Figures 7.2(a) and 7.2(b), show that despite 

cross-adsorption with XL47 lysates, there was still a degree of cross

reaction of XL47 with the antisera. However, a common protein band of * 

52kDa was seen for all the twelve lambda recombinants and also for the 

S. albofaciens track and this corresponded approximately to the size of 

8-lactaraase enzyme estimated from zymogram studies (results 5.2). No 

similar size protein band was visualised for XL47.



Figure 7.2(a) A coDinassie stained 10% SDS-polyacrylamide gel of the 

twelve lambda recombinants, S. albofaciens extracellular enzyme, XL47 

lysate and protein molecular weight markers. Molecular weights are shown 

in kDa. The tracks are labelled as follows:

(D-C12) XL47 recombinant clones (13) XL47 lysate as a negative control 

(14) extracellular enzyme from S. albofaciens (15)protein MV marker.

Figure 7.2(b) A duplicate SDS-polyacrylamide gel as seen in Figure 

7.2(a), after Western blotting. The nitrocellulose membranes were probed 

with anti-S. albofaciens antisera and then with the goat antirabbit IgG 

alkaline phosphate conjugate. A common * 52kDa protein band was visible 

in all the twelve lambda recombinants and for S, albofaciens 

extracellular enzyme. The molecular weights are shown in kDa and the 

tracks were labelled as follows:

(l)Amido black stained MW marker (2)-(13) XL47 recombinant clones 

(14)extracellular enzyme from S . albofaciens (15)XL47 lysate.
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7.2.3 0-lactamase assay of the lambda recombinants

The lysates and the supernatant of the twelve lambda 

recombinants were assayed for 0-lactamase production using the raacro- 

iodometric technique (methods section 3.2.2). No 6-lactamase was 

detected. The more sensitive 0-lactamase substrate - Nitrocefin was 

also used in case low levels of the enzyme was present. Once again no 0- 

lactamase was detected.

Similarly when the phage lysates were reactivated after SDS- 

PAGE, no 0-lactamase activity was detected on the zymograms. The levels 

of 6-lactamase may have been extremely low so that even a sensitive 

assay system such as Nitrocefin failed to detect any enzyme activity. 

The alternative explaination for not being able to discern 0-lactamase 

activity is that the protein is present but folded incorrectly and may 

therefore be inactive.

7.2.4 Preparation of DNA from the twelve lambda recombinants.

DNA was extracted from the twelve recombinants using the 

small-scale extraction procedure (methods section 3.1.32). lOpl aliquots 

of the DNA was then digested with a variety of restriction endonucleases 

- BajzHI, EcoRI, Hindlll and Pstl. As a control, XL47 DNA was digested 

with similar restriction enzymes and electrophoresed in parallel with 

the lambda recombinant DNA on 1% agarose gels.

From the restriction enzyme patterns, the DNA from the lambda 

recombinants could be divided into two groups as depicted in Figures 7.3 

Eight of the XL47 recombinants fell into Class 1 type recombinants and 

the remaining four were classified as Class 2 X recombinants.



Figure 7,3 Restriction enzyme pattern of the XL47 recombinants run in 

parallel with DUA from XL47. From the enzyme digest pattern, two 

distinct groups of recombinant clones were determined. The molecular 

weights of the X Pstl and X Bindlll standards are shown in kb. The wells 

were loaded as follows :

Cl) X FstI

(2) Class 1 (Cl) Undigested

(3) Cl BanRI

(4) Class 2 (C2) BanKI

(5> XL47 BanKI

(ft) Cl EcdRI

(10) C2 EcdRI

01) XL47 EcdRI

o£> Cl HindllI

(7 ) C2 HlndllI

> XL47 Hindlll

(12) Cl Pstl

(13) C2 Pstl

(14) XL47 Pstl

(15) C2 Undigested

(16) XL47 Undigested

(17) X Hind III

The phage recombinants designated as Class II have similar restriction enzyme 

pattern to XL47. Whilst this class may have had a small S. albofaciens 

insert, it is most likely that Class II recombinants were XL47,
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7.2.5 Subcloning a member of tie class 1 and class 2 XL47 recombinants.

Although no active J3-lactamase was detected, from the results 

of the Western blots in this section (7.2.2), it was probablethat the 

enzyme was being expressed since a protein of the correct size showed 

cross-reaction with the antisera and a corresponding protein band was

visible on the SDS gel. An attempt was therefore made to subclone the

DBA. Large scale preparations (methods section 3.1.31) from a 

representative of each of the two classes was made and restriction

enzyme mapped to determine whether the complete S, albofaciens DNA

insert could be excised and subcloned into the E. coli-Streptomyces 

shuttle vector pQRl.

For both classes, no suitable single or pair of restriction 

enzyme was found that would allow excision of the S. albofaciens insert. 

Instead a restriction enzyme that generated the least number of well 

separated fragments was chosen. The restriction endonuclease EcoRl 

fulfilled this criteria and was also suitable because there was a unique 

EcdRI site in pQRl and insertion at this site would inactivate the cat 

gene. For the Class 2 X recombinants, five EcdRI fragments were 

generated and three out of these (11.2kb, 4.5kb and 0.8kb) formed the S. 

albofaciens insert. These fragments were eluted from a 1% agarose gel 

(Maniatis et al, , 1982) and ligated to pQRl also cleaved with the same

restriction enzyme. The resulting DNA was transformed into E. coli JM107 

(methods section 3.1.9) and the transformants selected on NA containing 

tetracycline (lOpg/ml final concentration). The transformants were 

streaked on NA containing chloramphenicol (lOpg/ml final concentration) 

and recombinants that were TetR Cam® were identified.

The 0.8kb fragment from Class 2 lambda recombinants was 

successfully subcloned into pQRl to generate plasmid pQRll. On PVA 

plates no clear zones were seen for E. coli colonies containing pQRll.



Also no growth was sustained on NA plates containing ampicillin at 

concentrations of lOOjig/ml.

From mini-plasmid preparations, it was determined that the two 

other FcoEI fragments of the S. albofaciens insert (Class 2 

recombinants), had also been cloned into pQRl. However when DNA from a 

large scale preparation was mapped, it was found that most of the insert 

had been deleted from pQRl. For all recombinant plasmids obtained from 

the 11.2kb insert, the same size of DNA was deleted. Similarly with 

recombinant plasmids obtained from insertion of the 4.5kb fragment into 

pQRl, a defined portion Df the inserted DNA was deleted. In both cases, 

the recombinant plasmids were larger than 11.7kb (size of pQRl) and they 

were still TetR Cam® indicating that total deletion of the insert had 

not occurred. Similar results were obtained with the Class 1 

recombinants.

Due to the instability of XL47 recombinant clones in pQRl, 

alternative strategies of cloning the bla gene were pursued.



7.3 DBA amplification in S. albofaciens.

Amplified chromosomal DBA sequences have been observed in a 

number of Streptomyces species. These amplified DBA sequences (ADS), are 

often associated with evidence of genetic instability (Hasegawa et al. , 

1985; Schrempf, 1985) and sometimes with certain phenotypes, such as 

increased antibiotic production (Orlova and Danilenko, 1983), or 

antibiotic resistance (Potekhin and Danilenko, 1985) or loss of 

antibiotic resistance (Altenbuchner and Cullum, 1985). The spontaneous 

formation of ADS are comparatively rare (Janniere et al. , 1985; Sargent 

et al., 1985). In general they have been detected after the imposition

of deliberate selection for increased dosage of a gene product encoded 

by the ADS. One such example, is the amplification of the spectinomycin 

gene in Streptomyces acbromogenes subspecies rubradiris (Hornemann et 

al., 1987). The strain responded to growth at different concentrations 

of spectinomycin by an alteration in the number of copies per genome of 

the sequences encoding the spectinomycin gene. Growth at lOOOpg 

spectinomycin per ml, resulted in a 200-300 fold amplification of an 8kb 

DBA sequence.

Besides amplification of the resistance gene, increase in 

antibiotic resistance could also be due to up-promoter mutations. These 

mutations would result in an increase in the total amount of the 

resistance enzyme but there would be no concomitant amplification of the 

gene. Sequence analysis of the chromosomal ampC gene of E coli, which 

encodes a 3-lactamase, has shown that the transcriptional control of 

this gene contains a promoter having characteristic -35 and -10 regions 

separated by 16 base pairs (Jaurin and Grundstrom, 1981). The insertion 

of one nucleotide base pair into the spacer region (which yields a 

consensus spacing of 17 base pairs), led to a 16-fold increase in 8-



lactamase synthesis over the level determined by the wild-type ampZ 

control region.

Alternatively mutations in the active site of the 0-lactamase 

enzyme, could result in an increase in its rate of activity. Again for 

these up-enzyme mutations, no amplification of the resistance gene would 

be seen.

0-lactam drugs must bind to specific targets located in the

cytoplasmic membrane of bacteria to exert their effect. These target

proteins are known as penicillin binding proteins (PBPs). High molecular 
weight pBps are essential in cell wall peptidoglycan synthesis. 8-lactam 

antibiotics exert their initial bacteriostatic effect through inhibition 

of these high molecular weight PBPs as substrate analogues of the acyl- 

D-alanyl-D-alanine component of peptidoglycan. Resistance to 0-lactam 

antimicrobial agents can be acquired by alterations in the targets of 

these drugs, resulting in a decrease in amount Dr loss of affinity for

0-lactams by crucial PBP(s).

The aim of these experiments was to grow S. albofaciens on 

increasing concentrations of 0-lactam antibiotic to see if this would 

lead to amplification of the bla gene and hence increased 0-lactamase 

resistance. This may have also enabled a different cloning strategy for 

the bla gene.

A spore preparation of >S\ albofaciens was grown on modified 

R2TE (MR2YE) agar containing ampicillin of increasing concentrations - 

from 100pg/ml to 500jug/ml. At Amp concentrations of upto and including 

300/jg/ml, there was confluent growth, that is, greater than 10* colonies 

per plate. For Amp of 400pg/ml approximately lO* colonies per ml were 

counted. There were four colonies growing on the 500pg/ml Amp plates. 

These, called 0AD (A)1-0AD (A>4, were restreaked onto separate MR2YE

agar plates containing 500pg/ml Amp to make spore preparations.



0.1 ml of spore preparation from these new isolates that is, 

those growing on 500pg/ml Amp, were plated onto MR2YE agar containing 

Amp at a final concentration of lmg/ml. There was no significant 

differences in the number of colonies of 0AD (A)1-0AD (A)4 on lmg/ml Amp 

compared to the numbers that grew on 500pg/ml Amp, so selection on a 

second more potent antibiotic, carbenicillin (Cab), was carried out. 

Spore preparations of 0AD (B)1-0AD (B)4 from the lmg/ml Amp plates were 

grown on to MR2YE agar containing Cab at 4mg/ml. Again there was no 

significant difference in the number of colonies of J3AD (O1-0AD (C)4 on 

4mg/ml Cab compared to the numbers that grew on lmg/ml Amp. Spores from 

the 4mg/ml Cab, (0AD (O1-0AD (C)4), plates were then used to make

extracellular enzyme and prepare genomic DBA.

7.3.2 Measurement of the specific 0-lactamase of 0AD1-0AD4.

Extracellular enzyme (methods 3.1.12) for each of the 0AD 

isolates, was prepared in duplicate, from YEME cultures, containing the 

appropriate antibiotic concentration. The crude extracellular enzyme 

preparations were assayed for 0-lactamase (methods 3.2.2) and their 

protein concentrations (methods 3.2.3) was also measured. As a control, 

the 0AD1-0AD4 isolates were also grown in YEME without any antibiotic 

and the specific enzyme activities were compared (Table 7.1). Since the 

isolates grew slowly in YEME containing Cab at 4mg/ml, cultures were 

harvested after 24 and 48 hours.

In Table 7.1, the first column indicates the concentration of 

antibiotic from which each of the 0AD isolate was obtained. For example, 

for 0AD1, Amp 500pg/ml indicates that the isolate was obtained from 

MR2YE agar containing 500pg/ml Amp; for Amp lmg/ml, the 0AD1 isolate was 

obtained from agar containing lmg/ml Amp and so on.



The specific 0-lactamase activity of each isolate was 

measured by growing the cultures in liquid. In column 3, the 0-lactamase 

activity was measured in YEME containing no antibiotic. Column 4, shows 

the specific activity of the isolates when grown in YEME containing 

antibiotic. The concentration of antibiotic used, are those indicated in 

column 1. Thus for 0AD1 in line one, the isolate was obtained from S. 

albofaciens cultures grown on agar containing 500pg/ml Amp. for the 

column headed 'Average specific activity', this same S. albofaciens 

mutant was then grown in YEME liquid medium containing the same 

concentration of antibiotic, that is, 500pg/ml Amp. The second 

S. albofaciens mutant, 0AD1 lmg/ml, is the spores obtained from 0AD1 

plated on Amp at lmg/ml as described above.

Compared to the 0-lactamase activity of the parent strain in

YEME, there was no dramatic increase in the enzyme activity of the 0AD

isolates. When the 0-lactamase activity of the isolates grown in YEME
is compared^

and in YEME containing antiDiotic^ once again there was no significant 

increase in 0-lactamase activity. As demonstrated previously, 0- 

lactamase activity was not inducible.



Table 7. 1 Shows the comparision of 0-lactamase activity In YEME by 0AD 

isolates.

Spore preparations from isolates obtained by growing on KR2YE agar 

containing either Amp at 500pg/ml or lmg/ml, or Cab at 4mg/ral, were 

grown in YEME liquid medium. In addition, (column 4>, extracellular 

enzyme was also prepared from YEME cultures containing the corresponding 

antibiotic. Thus, for 0AD1 isolated on 500jjg/ml Amp, this mutant was 

grown on YEME and YEME containing Amp at 500pg/ml. For 0AD1 isolated on 

lmg/ml Amp, the concentration of antibiotic in the liquid medium was 

lmg/ml Amp and so on for the rest of the isolates. Bote, for the parent 

strain no antibiotic was used.



Table 7. 1 Cpmparasipn of B-lactamase activity In YEME by BAD isolates.

AflTIBIOTIC INOTBATIOBr TIME AT 37°C. , AVERAGE specific activity

(concentration (hours) pmol penicillin G

at which isolates degraded/h/ml/pg of protein

were obtained) YEME YEME+ antibiotic

BAD1

Amp 500|JLg/ml 24 0.52 0. 48

Amp lmg/ml 24 0. 37 0.27

Cab 4mg/ml 24 0. 25 0. 11

Cab 4mg/ml 48 0. 08 0. 10

BAD2

Amp 500jjig/ml 24 0. 40 0. 00

Amp lmg/ml 24 0. 42 0.60

Cab 4mg/ml 24 0.39 0. 36

Cab 4mg/ml 48 0.11 0.23

BAD3

Amp 500pg/ml 24 0. 72 1. 00

Amp lmg/ml 24 0.50 0. 00

Cab 4mg/ml 24 0.53 0. 00

Cab 4mg/ml 48 0. 17 0.00

BAD4

Amp 500jog/ml 24 0.51 1.21

Amp lmg/ml 24 0. 48 0. 28

Cab 4mg/ml 24 0. 70 1. 12

Cab 4mg/ml 48 0. 15 0. 11

Parent 24 0.44

48 0. 12



&,3,3 Genomic DMA from |3ADl-j3AD4 isolates.

The cell-pellets from the extracellular enzyme preparations 

were used to prepare genomic DMA (methods 3.1.3). Several restriction 

enzyme such as BaidAl, Bell, Bglll, Kpnl, Pvull, SalGI, Smal, Sstl and 

Xhol, were used to cleave DMA from the J3AD isolates and these digests 

were electrophoresed in parallel with genomic DMA from the parent S'. 

albofaciens cleaved with the same restriction enzyme.

Comparision of the £AD digests with the parental DNA, showed 

no amplified DNA sequences. It was possible that an ADS may have not 

been detected if there were no sites on the sequence for the restriction 

enzymes that were used. Cleavage with enzymes that flanked the ADS 

would have yielded a single larger DNA fragment, which because of the 

resolution in the agarose gels, would not have been detected. Since 

Streptomyces DNA has a high G+C content, some of the restriction enzmes 

for example, Sstl and Sznal, were deliberately selected because their 

target sequences are rich in G+C. The possibility of not detecting an 

ADS was therefore reduced considerably,

&.3.4 Growth in liquid medium containing carbenicillin

Since no ADS was seen for the S. albofaciens isolates, it was 

thought that subjecting the isolates, in a liquid medium, to even higher 

antibiotic concentrations would result in amplification of the bla 

gene. One of the 0AD (C) isolate was grown in YEME containing Cab, at 

concentrations of 0, 2mg/ml, 4mg/ml, 6mg/ml, 8mg/ml and lOmg/ml (these 

cultures were called J3AD (Ci )- |3AD (Ce.)), for five days at 37°C. 10ml 

aliquots of the liquid culture was used to inoculate duplicate YEME 

broths containing no antibiotic, and these were grown for 24 and 48 

hours at 37°C. Extracellular enzyme was then prepared and assayed for J3-



lactamase activity. As a control, parental S. albofaciens was also grown 

for the same length of time, that Is, 24 and 48 hours and extracellular 

enzyme also prepared and assayed. The results shown in Table 7.2 are the 

average of two separate experiments. With the exception of the results 

for PAD (C.:;) where there was a significant discrepancy between the two 

results (20 and 50.4 pmol penicillin G degraded/h/ml/pg of protein), the 

rest of the specific p-lactamase activities did not differ by more than

1-2 enzyme units.

The specific p-lactamase activities of these S. albofaciens 

mutants can be divided into 3 cate gories. The first group PAD (Ci)-PAD 

, have, if experimental error is taken into consideration, similar 

p-lactamase activities to the parent S. albofaciens strain. Selection on 

increasing concentrations of p-lactam antibiotics, did not result in 

significant increase in J3-lactamase activities for this group. For the 

second group PAD (C*) and PAD <Cs), there was no decrease in p-lactamase 

activity as previously seen after 48 hours incubation. The level of 

enzyme activity remained unchanged. However compared to the levels of J3- 

lactamase activity in the parent strain this cate gory showed a decrease 

in enzyme activity. It is possible that selection on carbenicillin 

concentrations of 6mg/ml and 8mg/ml may have resulted in mutants that 

produce low levels of p-lactamase over a longer period of time compared 

to the parent strain. The final cate gory is the mutant PAD (Ce), this 

isolate could withstand Cab concentrations of lOmg/ml in YEME. However, 

when the specific p-lactamase activity of PAD (Cg) was measured in 

antibiotic free YEME, no p-lactamase activity was detected even after 48 

hours. No plausible reason could be found for this result since growth 

was observed for each antibiotic concentration. The results in Table 7.2 

indicate that selection on increasing concentrations of p-lactam 

antibiotic did not result in a corresponding increase in specific p- 

lactamase activity.



C m  ill:.: ° I m u r g m  m i :   qi_&.al boiaci ens BAD alter

.irr:.±h .1 ,n._YEJfE-Containing increasing concentrations of Carbenicillm.

ISOLATES SPECIFIC ACTIVITY nmol penicillin G degraded/h/mi/pg

of protein.

INCUBATION TIME 24 hours INCUBATION TIME 43 hours

8AD (Ci) 14. 5 0.0

BAD (C2> 35.2 3.5

BAD (C:„) 17. 0 2.7

BAD (C/,) 10. 4 10.4

BAD (Cf./ 14. 1 13. 6

BAD (C«.) 0. 0 0. 0

S. alboiaciens 21. 1 4. 0

(parent)

The specific 8-lactamase activity lor each of the isolates, was an 

average of two separare )3-lactamase assays.



In a liquid medium, if the microorganism is producing S- 

lactamase, the enzyme can diffuse throughout the medium and hydrolyse 

the (3-lactam antibiotic, permitting growth of the bacteria. On a solid 

medium, the culture is constrained, and the (3-lactamase has to diffuse 

through the agar and inactivate the antibiotic before the microorganism 

can grow. The region surrounding the colony is constantly being supplied 

with intact antibiotic diffusing in from the rest of the agar plate

An inoculum from the S. albofaciens culture growing in YEME 

containing lOmg/ml Cab, was streaked onto MR2YE containing Cab at 

4mg/ml, 6mg/ml, Smg/ml and lOrag/ml. Twenty-one colonies were obtained on 

the 4mg/ml Cab agar plates. For the other MR2YE agar plates containing 

higher Cab concentrations, no growth was seen.

Genomic DNA was prepared from each of the 21 isolates and 

digested with the same selection of restriction enzymes mentioned in 

section 7.3.2 above and compared with parental DNA. (Figure 7.4).

Despite the ability of the 21 isolates to grow on Cab at a 

concentration of lOrag/ml in liquid medium, and 4mg/ml on a solid 

medium, no amplified DNA sequences were found. Illustrating as found 

previously (Table 4.2 results section 4.2), that resistance to J3-lactam 

antibiotics may not always be due to the action of J3-lactamase activity 

but to other factors. Since no amplified DNA sequences were found and 

there was no increase in the specific activity of the (3-lactamase 

enzyme, the ability of S. albofaciens to grow an high antibiotic 

concentrations was not due to amplification of the bla gene, up- 

mutations of the enzyme or due to up-promoter mutations. Resistance to 

the high levels of the (3-lactam antibiotic must have been due to 

mutations in the penicillin binding proteins of S. albofaciens.



Figure 7,4 Restriction enzyme digest of one of the 21 isolates (BAD) 

able to grow in lOmg/ml Cab in liquid and 4mg/ml Cab on solid media. 

Genomic DNA from the parent S. albofaciens (control) was also cleaved 

with similar restriction enzymes and run in parallel on a 1% agarose 

gel.

The wells were loaded as follows:

<1)0AD Undigested

(2) J3AD BasRI

(3)Control BauRl

(4)BAD Bell

(5)Control Bell

(6)BAD BglU

(7)Control Bglll

(8)BAD Kpnl

(9)Control Kpnl

(10)BAD Pvull

(11)Control Pvull

(12)BAD SalQl

(13)Control SalGl

(14)BAD Smal

(15)Control Smal

(16)BAD Sstl

(1.7) Control Sstl

(18)Control Undigested

(19)X tfindlll MW marker
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V . 5 Honing of the bla gene from S. albofaciens in 3', hriaans

The eventual aim of the previous cloning strategies once the
I

bla gene had been cloned and amplified in E. coli, was to introduce the
/

gene into a streptomycete host in order to examine its expression. Since 

these experiments were not successful, a direct approach of cloning into 

a streptomycete host was attempted.

Since the first successful DNA cloning experiment with 

Streptomyces species, were reported in 1980 (Bibb et al.), in vitro

genetic manipulation with streptomycetes has developed rapidly, A

practicable route for the introduction of isolated DNA into 

streptomycetes is by the treatment of protoplasts with the DNA in the 

presence of calcium and polyethylene glycol (Hopwood et al., 1977). No

efficient system of natural competence has been described. With the two 

well characterised hosts, S. lividans 66 and S. coelicolor A3(2), high 

frequencies of protopast transformation have been achieved, up to 10~7 

transformants/pg of covalently closed circular (CCC) DNA of plasmids 

upta at least 60kb in size (Hopwood et al, , 1985).

S. albofaciens genomic DNA was cleaved with BanRI, Bell or

Bglll and ligated to, the E. coli-Streptomyces shuttle vector, pQRl 

cleaved with Bglll, and transformed into S.lividans TK24 protoplasts. 

Kieser (1984) reported that RNase reduced the frequency of protoplast 

transformation and regeneration, consequently all DNA were resuspended 

in RNase free TE buffer. Also, with many St.reptomyces species, 

autoinhibition may occur during regeneration of the protoplasts, that 

is, protoplasts which regenerate fastest inhibit the regeneration of 

surrounding protoplasts (Baltz,1978; Hopwood et al. , 1977). Partial

dehydration of the R2YE agar was found to eliminate autoinhibition, 

shorten regeneration time and resulted in increased regeneration 

frequencies (Baltz and Matsushima, 1981).



R2YE agar plates were poured to a depth of « 0.5cm and after 

the agar had hardened, the plates were dried at 50°C. for 1-2 hours. 

0.1ml of the protoplast suspension was plated onto dried R2YE agar 

plates and instead of overlaying the transformed protoplasts with soft 

agar containing thiostrepton, the protoplasts were left to regenerate 

and sporulate at 30°C. After approximately one week, spore suspensions 

were prepared from each plate (Methods section 3.7.2). A 10"’-lO"^ 

dilution of the spore preparation (in 207# glycerol), was made so that * 

25-50 colonies per agar plate were obtained. 20 MR2YE agar plates 

containing thiostrepton (50(ig/ml final concentration) and 0.75% PVA 

were spread with 0. 1ml of this diluted spore preparation and incubated 

at 30°C., until sporulation occurred. The cultures were then tested for 

{3-lactamase production (Methods section 3.8.2).

For the BanHl experiments, only one colony (designated J3BM 1) 

was found to produce a clear zone. With Bell, 5 colonies (J3BC1-|3BC5) 

produced clear zones on PVA agar and no zones were seen for the Bglll 

experiment. Out of the 6 bla"', S. lividans TK24 transformants, the J3BM1 

colony produced the largest zone of at least 1.2cm (Figure 7.5), and 

this zone was similar in size to the zones produced by S. albofaciens. 

The colonies were restreaked onto similar agar plates and rescreened as 

before. Since iodine in high concentrations is lethal to bacterial 

cultures, each individual colony, (|3BM2-(3BM13), generated by {3BM1 was 

first streaked onto fresh MR2YE agar before testing for j3-lactamase.

7.5.2 Extraction of DNA from bla* isolates

The original bla* colony from the BamHI experiment and 

its 12 siblings |3BM2-|3BM13 were inoculated into YEME containing 20% 

sucrose and grown for 3 days at 30°C. In the initial DNA extractions 

(Methods 3.7.4.2), no antibiotic was added to the liquid medium but in



later extractions, thiostrepton to a final concentration of lOpg/ml was 

added.

After CsCl purification of the DNA (Methods section 3.7.4), 

only one band, which was considered to be chromosomal DNA, was 

visualised under ultraviolet light. This DNA was digested with Pstl and 

as a control, pQRl was also digested with the same restriction enzyme 

and electrophoresed on a 1% agarose gel. No plasmid DNA was found in the 

cultures propagated from the original (3BM1 transformant. The DNA was 

further digested with a variety of restriction enzymes and with Bell for 

example, a smear, was seen on the gels consistent with the presence of 

chromosomal DNA. No plasmid DNA was detected. Similar results were also 

obtained with the I3BM2-J3BM13 and £BCl-j3BC5 transformants.

7.5.3 Extracellular enzyme from J3BM1 transformant

The protein profile of }3BM1 was compared to the extracellular 

enzyme from S. albofaciens and S. lividans TK24. Cultures of J3BM1 and 

S. lividans TK24 were grown in YEME and the proteins from the supernatant 

were precipitated with ammonium sulphate (Methods section 3.7.12). lOOpl 

aliquots of the extracellular enzyme was run in parallel with 50pl of 

extracellular enzyme from S. albofaciens also grown in YEME. On the 10% 

SDS-polyacrylamide gel, a protein band of « 52kDA (Figure 7.6), not 

present in the S. lividans TK24 track, was visible in the J3BM1 and S . 

albofaciens tracks. The size of this protein corresponded to the size of 

the purified J3-lactamase described in section 5 of results.

A zymogram of j3BHl, S. albofaciens and S. lividans TK24 was 

also prepared. Clear zones, indicating B-lactamase activity, were 

detected for S. albofaciens and j3BMl but not for S. lividans TK24.

The size of the B-lactamase from the zymogram was estimated as * 53kDa.



Figure 7,5 ft-lactamase activity on PVA agar, S. albofaciens genomic DNA 

cleaved with Baidil was cloned into pQRl (Cleaved with Bglll) and 

transformed iito S. lividans TK24 protoplasts. The photograph shows 

the clear zone on the PVA agar produced by one of the S. lividans 

transformants.



Figure 7.6 Comparision cf the protein profile of BBM.1, S, lividans TK24 

and S. albofaciens. YEME cultures of the three strains were run on a 10% 

SDS-polyacrylamide gel. A protein band * 52kDa common to (3BM1 and S. 

albofaciens and not S. lividans, was seen.

The molecular weights are shown in kDa. The tracks were labelled as 

follows:

2,0pg/ml 30pg/ml
(1)MV markers (2)5'. albofaciensj\ (3>(3BN1 a (A),?. lividans TK24 30pg/rol

1 2  3 4
MW

66
45

36

29



7.6 PlSCUSSiOB

The J3-lactamase gene in most enterobacteria, is generally

found on plasmids. Out of interest, D M  from S. albofaciens was

isolated by standard pi«gnrM nrgrprfnrps and no CCC DNA was found. The J3-
presumed to be

lactamase gene was thereforeAprbsenx on the chromosomal DNA, and various 

strategies were enqployed to clone the bla gene from the genome of this 

streptomycete strain.

Streptomyces promoters da not generally function in E.coli. 

The expression of an enzyme from the arginine amino acid biosynthetic 

pathway, the argC gene, is one of the few examples of expression in 

E.coli from a Streptomyces promoter (Meade, 1985).

Bacteriophage X is a useful cloning vector because its 

molecular genetics is well known, and because D M  can be efficiently 

packaged into phage particles which can be used to infect suitable host 

cells. Selection of recombinants is less of a problem with X than with 

plasmids because the efficiency of transfer of recombinant D M  into the 

cells is very high. Secondly, X fragments which have not received new 

DNA are too small to be incorporated into phage particles.

Since Streptomyces promoters do not generally function in E. 

coll, creating a gene bank in XL47 was considered the easiest route for 

cloning the bla gene for the reasons Illustrated above and also because 

the XPu promoter (which normally regulates X virus production) allows 

transcriptional read through of the cloned gene(s). The availability of 

antisera to the J3-lactamase enzyme also made this strategy attractive. 

Using antisera raised against semi-purified J3-lactamase from S. 

albofaciens, twelve XL47 recombinant clones were identified. No J3- 

lactamase activity was detected in XL47 recombinant clones and only 

certain fragments of the S. albofaciens insert were successfully 

subcloned. For the Class 2 XL47 recombinants for example, the 11.2 and



4.5 kb o. albofaciens inserts, underwent deletions when subcloned into 

pQRl. The size of the deleted DNA was the same for each of the 

fragments. However, the inserted DNA was not completely lost because the 

recombinant pQRl plasmids were larger than 11.7kb and the E. coli

transformants were TetR Cam3. The XL47 recombinants fell into two 

distinct groups on the basis of their restriction enzyme pattern, 

suggesting that there is a good possibility that the bla gene is present 

in both the phage isolates and that they contain overlapping regions of 

the S  albofaciens gene.

There was limited success in the attempts to clone the S.

albofaciens bla gene intD a streptoraycete host via a shuttle vector. j3-

lactamase activity on PVA agar was detected for 6 S. lividans TK24

transformants, but no recombinant plasmid was isolated from these 

transformants. S. lividans TK24 does not produce a native J3-lactamase 

nor does this strain show J3-lactamase activity when it contains the 

plasmid pQRl. The E. coli-Streptomyces shuttle vector pQRl, does not 

undergo any rearrangements or deletions when transformed into S. 

lividans TK24 (unpublished observations). The absence of a recombinant 

plasmid in the S. lividans TK24 transformants, but retention of j3- 

lactamase activity and Tsr resistance, suggests the possibility that the 

bla gene had integrated into the S. lividans chromosome.

During the cloning of the S. albus G bla gene Dehottay et al. 

(1686), encountered similar problems. They were not able to clone the 

bla gene using the high-copy number plasmid pIJ702. Vhen the group used 

pIJ61, a low-copy number Streptomyces plasmid, six bla* colonies were 

foind amoung 5000 S. lividans TK24 transformants. Five out of the six 

bla* transformants were lost after the first subculturing. Vhen the 

clcned fragment from the surviving transformant was examined, it was 

found to contain a deletion. This deleted S . albus G fragment was then 

successfully subcloned into the high-copy number plasmid pIJ702. The



finding in this work and that of Dehottay et al., that is, the failure 

to clone the bla gene in a high-copy number vector, the loss of primary 

clones suggests the occurrence of sequences close to the bla gene that 

Interferes with the growth of the clones in S. lividans and as shown in 

this work, in E. coli.



8 GENERAL DISCUSSION.

p-lactamases are secretory enzymes, produced by oubacterium to 

protect it against the lethal effects of penicillins and cephalosporins on 

cell-wall synthesis. Resistance to 13-lactam antibiotics by pathogenic 

bacteria is mainly due to these enzymes.

Streptomyces are able to produce 13-lactam antibiotics many of 

which show antibacterial activity and others for example, clavulanic acid 

and olvanic acid (Reading and Cole, 1986), act as |3-lactamase inhibitors. 

Ogawara (1981), in a survey of a number of streptomycetes, found that a 

great majority of these strains produced 13-lactamase. It is possible that 

Streptomyces have acquired the ability to produce J3-lactamase as a means 

of protecting themselves against their own metabolites or the metabolites 

of other streptomycetes they might meet in the soil.

Twelve out of the fifteen of the actinomycete strains screened, 

in this study, were shown to produce J3-lactamase, This work examined the 13- 

lactamase production from three strains of streptomycetes S. albofaciens, S. 

rimosus and S. violaceonlger. The enzyme from S. albofaciens was purified 

to homogeneity and attempts were made to clone the bla gene from this 

strain.

13-lactamase in the three strains peaked after 20-25 hours of 

incubation, indicating that enzyme activity occurred in the early stages of 

the life cycle. Under the conditions used in this study, the culture would 

be reaching the end of the vegatative growth phase by 25 hours (data not 

shown), and entering into the secondary metabolic phase or idiophase (Piret 

and Demain, 1988). {3-lactam antibiotics are deemed as secondary metabolites 

and are produced in the latter stages of the streptomyces life cycle. 

However, it is becoming increasingly obvious, that not all antibiotics and 

other secondary metabolites are produced exclusively in the idiophase of



growth (Cundliffe, 1989). Rather in some microorganisms, the idiophase and

trophophase (that Is, cell growth and replication) overlap though the

times for maximum production, for example, for J3-lactamases and J3-lactam

antibiotics (Dgawara, 1981) are different. This overlap is seen in
Pchemically defined media supporting slow growth. In such media, suportlng 

slow growth, some growth factors probably become limiting very early in 

the growth cycle, thus relieving nutrient repression and allowing product 

synthesis during growth. The fact that Streptomyces strains produce j3- 

lactamases const itutively (albeit temporally) and with high frequency, 

(Hill, 1972), means that they have an effective means of self-protection 

against (3- lactam compounds, which should kill other bacteria in their 

natural environment.

Streptomyces which produce J3-lactam antibiotics have to defend 

themselves against extracellular (3-lactam antibiotics of their own and 

other organisms. The organism cannot expect to defend itself solely via 

drug inactivation, because such a strategy would involve futile cycles of 

antibiotic production and secretion into the external medium followed by 

hydrolysis by its own lactamase. Instead, the strain has to have evolved 

other means of resistance.

Each antibiotic producing microorganism has available a range of 

defensive options. These include modification or replacement of the target 

site at which a given antibiotic normally acts, inactivation or 

sequestration of intracellular drug molecules and the building of membrane 

permeability barriers. The fact that some means of protection is available 

to the streptomycete, was demonstrated by the ability of S. albofaciens to 

sequentially grow on increasing concentrations of first ampicillin then 

carbenicillin. S. albofaciens was able to withstand carbenicillin at 

concentrations of lOmg/ml in a liquid medium and 4mg/ml om agar plates.

The ability to withstand high concentrations of antibiotics could 

have been due to up-promoter mutations leading to an increase in the total



amount of J3-lactamase. Alternatively, mutations in the active site of the 

enzyme may have led to an increase in the rate of j3-lactamase activity. As 

shown in Tables 5.1 and 5.2, growth of S. albofaciens on increasing 

concentrations of antibiotics did not elicit an increase in the specific 

activity of the j3-lactamase enzyme.

The imposition of deliberate selection could have resulted in an 

increased gene dose effect. When chromosomal DMA from *S\ albofaciens 

mutants, growing an agar containing 4mg/ml carbenicillin, were examined by 

restriction digests no amplification of the bla gene was seen. Resistance of 

the S. albofaciens mutants to ampicillin and carbenicillin, must have been 

achieved by alterations in the affinity of the target sites, that is, the 

PBPs, of these antibiotics.

The expression of J3-lactamase by the three Streptomyces strains 

was found to be temporal and this is the case for the majority of 

Streptomyces j3-lactamases (Ogawara, 1981). Expression of J3-lactamase in the 

three Streptomyces was not inducible by growth on OB, TSB, Malt or YEME; 

or addition of ampicillin or penicillin G to growing cultures. Recently, 

Forsman et al. <1989), demonstrated that the 0-lactamase from the strain S. 

cacaol, could be induced by the J3-lactam compound 6-amino penicillinoic 

acid. Induction was exerted at the level of transcriptional initiation. S. 

cacaol, ^-lactamase transcripts were induced 200-fold whereas the increase 

in enzyme activity was approximately 50-fold within the first three hours 

after addition of 6-APA. However, for other strains of Streptomyces, 

Forsman's group were not able to induce J3-lactamase activity. In addition, 

other groups (Lenzini et al. 1988), working on S. cacaol, were not able to 

induce J3-lactamase activity. Forsman et al., have seen different 

morphologies when the strains of S. cacaol were grown on plates. Sequence 

comparision of the S. cacaol 0-lactamase cloned by Lenzini's group and 

that of Forsman', showed significant sequence dissimilarities (Jaurin et al,, 

1988). It therefore appears that the S. cacaol represented two different



Streptomyces strains, and the ability to induce 0-lactamase activity may 

just be peculiar to one strain of S. cacaol.

The Streptomyces 3-lactamases function primarily as 

penicillinases, hydrolysing penicillin G and ampicillin most rapidly 

(Ogawara et al., 1979). The enzyme from S. albofaciens showed a similar 

substrate profile.

Enzyme activity was successfuly recovered after SDS-PAGE, by 

removing the SDS with Triton X-100. The zymogram technique was useful for 

correlating 13-lactamase activity with a particular protein in the 

polyacrylamide gel. Not many enzymes are able to regain their catalytic 

activity after treatment with SDS, possibly because certain enzymes require 

the participation of various subunits with different molecular weights or 

the refolding is simply not possible from a fully denatured state using the 

conditions involved in this technique.

In general, the molecular weights of j3-lactamases range from 29- 

49kDa (Sykes and Matthew, 1976) and most 13-lactamases from Streptomyces 

have molecular weights ranging from 22-34kDa (Ogawara et al, 1979). The 

size of the 13-lactamase enzyme from S . albofaciens , S. rimosus and S. 

violaceonlger as determined from zymograms was approximately 52-54kDa. The 

only other reported J3-lactamase with a high molecular weight of 55-57kDa 

as determined by SDS-PAGE, is that from the actinomycete Actlnomadura R39 

(Piron-Fraipont et al., (1989).

Vhen the isoelectric point from the three strains was determined, 

the enzyme showed one main band and a number of satellite bands. This 

phenomenon has been observed by Ogawara et al. (1979), for a number of 

Streptomyces strains. Most of the strains produced 0-lactamases with acidic 

isoelectric points of pH 5 to 6. The enzyme from S. albofaciens, S, rimosus 

and S. violaceonlger were in the acidic to neutral range of 5.8-7.05.

The inhibition profile of the purified S. albofaciens 0-lactamase, 

was similar to the enzymes from other Streptomyces, that had been tested



(Ogawara et al, 1979). The protein from S. albofaciens was slightly

susceptible to Iodine and showed a 507# decrease in activity with PCMB, 

indicating that the enzyme requires thiol groups for activity.

In this work, a number of iodine solutions were used - Lugol's 

iodine for amylase assays, an iodine solution containing sodium tetraborate 

for the PVA plate assays and a phosphate buffered saline iodine solution 

for the zymograms. Attempts were made to find a single iodine solution that 

could be utilised for all the assays. Lugol's iodine on PVA plates, resulted 

in clear zones of sizes identical to the original iodine solution that was 

used for this system. However clear zones were only seen for good producers 

of 0-lactamase. Weaker producers, that is, those with smaller zones which

could be distinguished with the iodine solution designed for this plate

assay, were not visualised by using Lugol's iodine. Similarly, when Lugol's

iodine was used to develop the zymograms, no zones were seen.

A number of cloning strategies were employed but, the bla gene 

from S. albofaciens was not successfully cloned in a stable construct. 

Screening of a S. albofaciens gene bank, cloned in XL47, using antisera 

raised against 0-lactamase, yielded twelve recombinant clones. Though

Western blots of these phage lysates showed cross-reaction with a 52kDA

protein which was also seen for extracellular enzyme from S. albofaciens, no 

0-lactamase activity was detected. It is probable that the 0-lactamase 

protein though present, was not processed or folded correctly in the E. coli 

host, and the enzyme was inactive. It is also possible that only very small 

quantities of the enzyme was present.

Attempts to clone the S .albofaciens bla gene into S. lividans

TK24, using the shuttle vector pQRl resulted in 6 transformants showing 0-

lactamase activity on PVA plates. On SDS-polyacrylamide gels and with 

zymograms, a 52kDA protein band was seen fcr one of the S. lividans 

transformants and also for S. albofaciens. Bo equivalent protein was seen 

in the control tracks of extracellular enzyme fron S.lividans TE24. However,



no recombinant plasmid was isolated from these transformants. A probable 

explanation for detecting 0-lactamase activity in these transformants but 

no plasmid, is that the S. albofaciens inserts, in pQRl, may have shared 

regions of homology with and integrated into the S. lividans chromosome. 

Due to lack of time this possibility was not tested. One way of determining 

whether chromosomal integration had occurred would have been by Southern 

blot analysis. The chromosomal DBA obtained from the nbla+n transformants 

could have been probed with labelled pQRl. Any insertions into the S. 

lividans genome would have had to contain part or all of the plasmid since 

these clones were all Tsr^.

Plasmids become integrated into the host chromosome at defined 

insertion sites either by homologous recombination or via non-homologous 

recombination. The latter case is often mediated by insertion sequences. 

Genes attachedor adjacent to the insertion elements may also become 

integrated. A number of insertion elements have been recognised in many 

bacteria, designated by numbers: IS1, IS2, IS3 and so on. Since there are 

many places that a single insertion element can be inserted, a large number 

of possibilities exist for the movement of DBA from place to place.

In a study of plasmid mediated transfer Hopwood and Wright 

(1973), reported the interaction of a Streptomyces plasmid SCP1 with the 

host chromosome. Similarly Deng et al., (1988), also suggested that another 

Streptomyces plasmid pIJ425 carrying the Tsr gene, may have integrated 

into the chromosome of S. lividans 66, resulting in thiostrepton resistance 

of the host. It Is possible that there may be an insertion sequence next to 

the s. albofaciens 0-lactamase gene, which is responsible for the insertion 

of pQRl recombinants into the chromosome of S. lividans.

These cloning strategies depended on the high-copy number E. 

coll-Streptomyces plasmid pQRl. With the XL47 recombinants certain 

fragments of the DBA were found to be unstable when subcloned into a 

plasmid vector and pQRl recombinants underwent deletions. There may be



sequences flanking the bla gene which are lethal or recombinogenic

resulting in the instability of bla clones in E. coll plasmids. A possible

method of cloning the bla gene would have been to use low-copy number E. 

coli plasmids or pIJ903 (Lydiate et al., 1985) which is a low-copy number 

plasmid in S . lividans that is, subcloning from XL47 into S.lividans.

Since the 0-lactamase enzyme from S. albofaciens has been

purified information derived from N-terminal and C-terminal sequence 

analysis could be used in future work to design oligonucleotides for use as 

primers in polymerase chain reactions (PCR). The PCR would be used to 

selectively amplify the DBA fragment containing the bla gene which may 

then be subcloned into appropriate vectors.

Little is known as to how and from where 0-lactamase in

resistant bacteria has been derived. One possibility is that it has been 

derived from Streptomyces (Benveniste and Davies, 1973). The roles of 0- 

lactamases in Streptomyces are not completely known (Ogawara, 1981). 

Whereas 0-lactamases cause drug resistance in pathogenic bacteria, a change 

in target specificity is the main resistance mechanism in Streptomyces 

(Ogawara, 1981).

The penicillin-interactive serine proteins that is, 0-lactamases 
L

and PBPs, are in all likelhood members of a super-family of evolutionarily 

related proteins (Brenner,1988). More recently, Forsman et al. (1990), 

suggested that Streptomyces Class A 0-lactamases are representatives of a 

Gram-positive superfamily of genes , from which Class A 0-lactamases of 

Gram-negative bacteria have evolved.

Interest in 0-lactamases is likely to continue especially in 

Streptomyces in order to discover the relationship between these enzymes 

the substrates they hydrolyse that is, the 0-lactam antibiotics and their 

inhibition by other 0-lactam compounds.
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